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Thesis Abstract

Purpose: To investigate the effectiveness of proficiency-based
progression (PBP) training coupled with simulation for the acquisition
of surgical skills and to define the essentials for the development of a

comprehensive, validated, PBP training curriculum.

Methods: The nature and rationale for the paradigm shift in surgical
skills training from the apprenticeship model to one of proficiency-
based progression training is reviewed along with the intent to move
from process-based to outcomes-based medical education and training.
A review of the diagnostic assessment of shoulder instability and the
evolution of shoulder arthroscopy in the management of unidirectional
anterior glenohumeral instability is presented along with effective,
current techniques essential to obtaining a successful repair. The
proficiency-based progression curriculum design was initiated with a
task deconstruction of an arthroscopic Bankart repair (ABR) in which
step, error, and sentinel (more serious) error metrics along with phases
of the procedure were defined. A modified Delphi panel of senior
experienced shoulder surgeon faculty members (N =27) was convened
to determine face and content validity of the metrics as an accurate and
reliable evaluation of operative performance for an ABR. To determine
the construct validity of the ABR metrics coupled with a medium
fidelity shoulder model simulator, the performance of novice (N = 7)
and experienced (N = 12) surgeons was compared using full-length
videos of the subjects performing a 3 anchor ABR on a shoulder
simulator. Trained reviewers scored the videos in blinded fashion. To
determine construct validity of the ABR metrics coupled with a cadaver
shoulder, the performance of novice (N = 12) and experienced (N = 10)
surgeons was again compared using full-length ABR videos scored in
blinded fashion. An investigation to objectively evaluate knot-tying
performance was conducted using the ‘Fundamentals of Arthroscopic

Surgery Training’ (FAST) workstation and knot tester. Knot loop
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constructs were stressed to 15# for 15 seconds. The performance of
faculty (N = 20), experienced (N = 30), and novice (N = 44) surgeons
were compared. The novice surgeons were randomized into 3 groups
to compared the effectiveness of a various curricula for knot tying: A)
standard training representing the apprenticeship model (N = 14), B)
FAST workstation enhanced (N = 14), and C) PBP curriculum employing
the knot tester (N = 16). Finally, a randomized, controlled, blinded trial
was conducted comparing the performance of 4th and 5t year
orthopedic residents exposed to one of 3 different training curriculums
for an ABR on a shoulder cadaver: 1) a traditional AANA residency
training program representing the apprenticeship model (N = 14), 2) a
simulator enhanced curriculum (N = 14), and 3) a proficiency-based
progression curriculum coupled with a model simulator (N = 16). In
the latter, the instructors ‘taught to the metrics’ and provided
proximate feedback enabling the trainee to engage in deliberate

practice.

Results: Face and content validity were confirmed and consensus
achieved for the ABR metrics through the modified Delphi panel
deliberations. Construct validity of the metrics coupled with the model
simulator was verified as a training tool. The experienced group made
63% fewer errors, committed 79% fewer sentinel errors, and
performed the procedure in 42% less time than the novice group (all
significant differences). A proficiency benchmark for the shoulder
model simulator was specified as completing a 3 anchor arthroscopic
Bankart repair with no more than 4 errors in total, and no more than 1
sentinel error. Construct validity of the metrics coupled with a cadaver
shoulder was verified as an accurate assessment tool. Novice surgeons
made 54% more errors, showed significantly more performance
variability (SD, 3.5 v 1.6), and took significantly longer to perform the
procedure (45.5 minutes v 25.9 minutes). A proficiency benchmark for
the metrics coupled with a cadaver shoulder consisted of completing a

3 anchor arthroscopic Bankart repair with no more than 3 errors in
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total, and no more than 1 sentinel error. The FAST workstation and
tester proved to be accurate and reliable. In the faculty group, 24% of
knots “failed” under load and performance was inconsistent. In the
experienced group, 22% of knots failed and for the novice group, 26%
of knots failed. The novice subgroup of PBP trained residents
demonstrated an 11% knot failure rate (half the faculty rate). The
randomized trial comparing three different training curricula for
performance of an ABR on a cadaver demonstrated unambiguous
superiority of the PBP protocol coupled with a medium fidelity
simulator. The PBP-trained group (Group C) made 56% fewer
objectively assessed errors than the traditionally trained group (Group
A) and 41% fewer than Group B (both comparisons were statistically
significant). The proficiency benchmark was achieved on the final
repair by 75% of the Group CPBP residents (who met all of the
intermediate proficiency benchmarks) and 68.7% of the participants in
the entire C Group, compared with 36.7% in Group B and 28.6% in
Group A. When compared with Group A, Group B participants were 1.4
times, Group C participants were 5.5 times, and Group CPBP participants

7.5 times as likely to achieve the final proficiency benchmark.

Conclusions: Task deconstruction of an arthroscopic Bankart
procedure facilitated the creation of a validated proficiency based
progression training program that was metric based. Construct validity
was demonstrated for the metrics with the model simulator as a
training tool and the cadaver shoulder as a performance assessment
tool. In a randomized trial, a PBP curriculum coupled with simulation
training was dramatically more effective in training the skills necessary
to reach the proficiency benchmark for an ABR than both simulation-
based training and current AANA training methods. Initial meetings for
the metric developers should be conducted in person, but cost-effective
internet-based methods for subsequent communication substantially
reduces cost. The index procedure selected for task deconstruction and

metric development should be uncomplicated and employ commonly
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used techniques. Performance metrics must be unambiguously defined
and able to be reliably scored. Error metrics are the most valuable in
discriminating between levels of operative performance. Thorough
orientation and training for video reviewers is essential to ensure
acceptable inter-rater reliability among scoring pairs. The
establishment of a fair, clear, and objective proficiency benchmark
serves as a reference standard and provides an intermediate
assessment for the trainee to specify deficiencies requiring correction.
Simulators are most useful when they serve as a vehicle to deliver a
strong, metric based curriculum, which must be developed prior to the
selection of specific simulations. The fidelity of a particular simulator
should be matched to the specific skill or task to be trained. Task
deconstruction along with metric development and construct validation
are time-consuming endeavors that will involve substantial cost, but

offer the potential for superior, objective based surgical skills training.
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1. Introduction

1.1 Paradigm Shift

The most important mission of the Arthroscopy Association of North
America (AANA) is the education of its membership. In July of 2009 the
President’s Council of AANA met, in part to discuss potential methods
and strategies to upgrade the society’s educational programming. In
the past, this had been accomplished primarily using a “bottom up”
approach, i.e. “what are our most effective and highest rated programs”,
and “how can we then improve upon our current offerings”. Tasked by
the President’s Council, a group of thought leaders from AANA elected
to employ a distinctly unique methodology using a different approach
or “top down” strategy. They proposed to go out into the world and
examine other businesses, industries, and professions that trained
highly skilled individuals, and examine the ‘best practice’ strategies that
those other entities employ. In May of 2010, a task force was appointed
with First Vice President Richard Angelo, M.D. as its Chair. The
mandate for that task force was to “sail around world”, across varied
disciplines and professions seeking answers to the question, “what are
the most effective methods being used to educate and train individuals
to work in highly-skilled technical professions.” This effort to “sail the
world” in search of educational pearls became known as the AANA
Magellan Project (although Magellan didn’t complete the journey, his
expedition was credited with being the first to circumnavigate the
globe, or ‘sail around the world’). As promising educational strategies
were discovered, the intent was for AANA to adapt and apply those
methods to training surgeons in the principles and best practice of

arthroscopic surgery.

The Magellan Project included six subcommittees: Didactic, Surgical
Skills, Electronic Media, Simulation, Outcomes / Metrics, and Health
Policy / Advocacy. Within the focus of each of the subcommittees, the

members conducted extensive research into potential concepts and
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ideas that AANA might employ to enhance surgeon education. For
example, the Outcomes / Metrics subcommittee was provided with
several contacts at the National Aeronautics and Space Administration
(NASA). The committee posed the questions to those responsible for
astronaut education, “With the significant costs related to preparation
and evaluation, how do you determine which astronauts to train to
perform highly skilled maneuvers such as docking the lunar landing
module”, and “How do you assess whether the necessary skills were
mastered or not?” An exhaustive document was returned entitled,
“Development and Implementation of an Extravehicular Activity Skills
Program for Astronauts”.[1] This document was used as a template to
develop an Arthroscopic Bankart Skills Assessment Tool. A Bankart
repair addresses the most common pathology encountered in
unidirectional anterior shoulder instability — capsulolabral tearing and
detachment from the anterior and inferior glenoid rim. The pilot
program sought to evaluate the learner’s skill development using an
‘Alex Shoulder Model Professor’ (Sawbones, Inc., Vashon Island, Wash.)

as a medium fidelity dry model “simulator”.

From a different Magellan subcommittee, Surgical Skills, the question
was posed, “Is there a better way to train surgical skills than our
current methods?” AANA has conducted over 300 arthroscopic lab
skills courses using both models and cadaver tissue, but has been
unable to make any reliable determination as to the effectiveness of
those programs with respect to the registrants completing the courses
actually acquiring improved arthroscopic skills. The curriculum has
often varied from course to course with the content of handouts and
outlines largely dependent on which Master and Associate Master
Faculty were teaching the course. Despite listening to lectures, viewing
videos demonstrating the various procedures to be learned, and
practicing endoscopic knot tying, registrants were often unprepared to
work on cadaver shoulders. For those trainees who dismissed faculty

guidance, portals were often improperly placed, which limited their
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utility and rendered suboptimal views of the joint being studied.
Inefficiencies due to lack of familiarity with the sequence of steps for
preparation, insufficient understanding of the techniques necessary to
execute the procedure, and the inability to properly handle various
arthroscopic instruments often resulted in marginal progress and
significant fluid extravasation into the cadaveric soft tissues. With
distorted anatomy, the practice of key procedural steps proved to be
difficult if not impossible. Rather than gaining confidence in their
improving abilities, some registrants were left discouraged and less
confident. At the completion of many courses, substantial variance
existed for the attendees with respect to the value of the instruction and
the profitability realized in improving their surgical skill. No objective
assessment of the registrant’s skill was made at the completion of the
various programs. Concern existed that the AANA lab courses were
simply providing an educational ‘experience’ that failed to lead to

substantive improvements in surgical skill for many of the registrants.

Predominantly through “sailing” the Internet, the Surgical Skills
subcommittee became aware of ‘proficiency based progression’ (PBP)
training for surgical skills as an alternative to the ‘apprenticeship’
model. The PBP training protocol dictates that the trainee master and
be able to demonstrate increasingly more complex skillsets before
being able to progress in training. The principles and validation of the
PBP concepts for surgery have been evolving over the past 25 years,

predominantly in the laparoscopic and general surgery realms.

At approximately the same time as the subcommittee Magellan voyages
were taking place, I was serving on an advisory board for the first
“World Congress on Surgical Skills Training” held in Goteborg, Sweden.
We submitted an abstract for the meeting, detailing the Magellan
Project efforts. Dr. Anthony Gallagher (whom I did not know at the
time) was also serving on the advisory board and read the abstract of

the Magellan Project. He emailed 3 related articles that “I might find of
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interest”. Unbeknownst to me, he is likely the world’s authority on PBP
training for procedural skills. After several months of communication, I
indicated to him that AANA was interested in studying PBP training to
determine if it was a methodology that should be considered by AANA
in optimizing their educational programs. We believed that prior to
proposing to the BOD that a substantially different curriculum for
surgical skills education be adopted, evidence of its superiority needed
to be proven and presented. Dr. Gallagher accepted our invitation to
serve as a consultant. We embarked on an investigation to study the
merits of the ‘paradigm shift’ from the apprenticeship model to
proficiency based progression training in order to determine the
latter’s effectiveness. Thus, the effort became known as the AANA
‘Copernicus Initiative’ (Nicolai Copernicus is credited with being the
major influence in the paradigm shift from the earth to the sun being
the center of the universe). Dr. Gallagher guided the primary
investigators, Richard Ryu, M.D., Robert Pedowitz, M.D., PhD, and

myself, along the path of study design and implementation.

1.2 Surgical SKills Training

“See one, do one, teach one” is reflective of the conventional or
apprenticeship training model used to prepare physicians for surgical
practice.[2] In the past, the sheer volume of exposure to surgical
procedures and progressive involvement in patient cases during
training led to reasonable preparation for most resident surgeons.
Current safety concerns related to trainees operating on patients [3-6],
the costs associated with prolonged operative times in training
facilities[7], and training inefficiencies[8] have created pressures on
training programs and made sufficient resident preparation for surgical
practice less certain today. Two primary issues have contributed to this
dilemma. The introduction of significantly more technically demanding
minimally-invasive surgical procedures (MIS) require a new and more
sophisticated skill set, and the reduction in trainee hours and

opportunities to develop essential surgical skills have led to potential
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deficiencies in trainee preparation.[9-12] With the advent of
endoscopic techniques, the challenge of preparing trainees has
escalated significantly. The demand for a thorough knowledge of gross
anatomy has always existed, but an appreciation for microanatomy has
become essential. Critical to the practice of any surgical discipline is a
clear and accurate understanding of anatomical relationships, which
permits the safe dissection and manipulation of tissues. The limited
field of view (FOV) afforded by an endoscope, however, requires that
those anatomical relationships be appreciated at greater magnification
for the surgeon to maintain orientation. In addition, important
reference landmarks, previously relied on during open surgery, are
often outside the endocopist’s FOV and therefore, less available as key

reference structures.

1.3 Learning Curve

The execution of any highly technical skill requires both a conceptual
understanding of the objective and how to accomplish it, as well as the
physical ability to perform the necessary techniques well on a
consistent basis. The more demanding the skills required, the greater
the need for practice, rehearsal, and repeated training in an effort to
obtain and maintain specific skills. A learning curve exists for all
endeavors requiring the execution of a technical skill, endoscopic

surgery likely even more so.

Progress along the learning curve is dependent on many factors
including the difficulty of the skill or technique being acquired, the
training tools and educational methods employed, and the innate
visuospatial, perceptual, and psychomotor talents possessed by the
trainee. The more challenging the skill, the higher the learning curve
and more difficult it is to achieve proficiency. Training exercises and
operative experience are the primary means of moving up the learning
curve. The more accurate the training tools are at emulating a specific

task or simulating real context, the more effective they will be at
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assisting the student in acquiring the necessary skills. Some trainees
will progress up the learning curve more efficiently with a higher slope
(Figure 1, trainee ‘A’), while others will take longer and have a lower
slope to their learning curve (trainee ‘B’). The slower the acquisition of
the component abilities, the longer the learning curve extends over
time. Simple practice and repetition, however, will not ensure success
if the training exercises fail to provide an accurate synthetic experience.
Repetitive practice alone may result in the student moving more
horizontally along, rather than vertically up the curve. As a result, the
slope of progress decreases and the curve elongates (trainee ‘C’) with
the trainee ultimately failing to achieve proficiency. Further, skills
acquired have a tendency to degrade over time if not sufficiently
practiced and utilized.[13-15] A student may periodically make good
progress, but experience degradation of skill over time, which can also

prevent the attainment of proficiency (trainee ‘D’).
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Figure 1: A = efficient progress up the learning curve; B = slower

progress but trainee eventually attains proficiency; C = progress too
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slow to attain proficiency; D = progress in spurts, but skill degradation

prevents attainment of proficiency.

Morbidity (suboptimal outcomes, complications and the associated
costs to manage them) is inversely related to the acquisition of skill and
progress up the learning curve. While there may be a financial cost
associated with various aspects of surgical training, morbidity only
begins when the surgeon commences operating on patients. The
morbidity curve M is inversely related to the learning curve (L) (Figure
2). The area (MA) under the morbidity curve (M) increases
significantly as training becomes more inefficient and a longer period of

time is required to attain proficiency.
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Figure 2: L! =learning curve for trainee 1; M! = morbidity curve for
trainee 1 inversely related to the corresponding learning curve L1; L2 =
learning curve for trainee 2; M2 = morbidity curve corresponding to
learning curve L?; MA! = morbidity area for trainee 1 representing

complications, suboptimal outcomes, and associated costs; MA? =
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morbidity area for trainee 2 (a much greater morbidity area for trainee

2 compared to trainee 1 due to elongated learning curve).

Typically, early progress up the learning curve for surgical skills begins
in the laboratory setting. As long as the training occurs ex vivo, there
would be an associated financial cost, but no patient morbidity.
Historically, however, much of the new surgeon’s experience and a
significant portion of the progress up the learning curve toward
proficiency have taken place after entering practice and operating on
live patients. Despite completing their surgical training, residents may
have been relatively low on the learning curve for specific techniques
and procedures as they initiated their clinical practice. Refinements in
their surgical skills and the knowledge of how to avoid complications
gradually lead to improved patient outcomes. The earlier the point on
the learning curve that the surgeon begins to operate on patients, the
larger the area beneath the morbidity curve (Figure 3 - MA1). The same
pattern often exists for experienced surgeons studying to acquire a new
skill or technique. Figure 3 depicts 2 trainees with simular learning
curves, one who begins to operate on patients while relatively low on
the learning curve (OP1), and a second trainee who acquired a large
component of their surgical skill in the laboratory with repetative
practice and rehearsal (OP?). The trainee who begins to operate on
patients from a position significantly higher on the learning curve has a

much smaller area beneath the morbidity curve (MA? vs MA1).
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Figure 3. L = learning curve; M = morbidity curve; OP! = trainee 1
beginning to perform surgery on patients while relatively low on the
learning curve; MA! = morbidity area for patients of trainee 1 (entire
area beneath morbidity curve - purple and blue); OP? = trainee 2 who
begins to perform surgery on patients when relatively higher on the
learning curve; MA? = smaller associated morbidity area (blue) for
trainee 2).Research into laparoscopic surgery complications in general
supports those principles and has revealed that the majority of a
surgeon’s complications occur in the early segment of their
laparoscopic experience.[16] Complications for a laparoscopic
cholecystectomy are most likely to occur during the first 50 MIS cases
with the greatest risk related to the first 10 cases. Acceptable skill for
basic laparoscopic surgery may require between 10 and 50
procedures[16], cystoscopy 25 - 100[17], and gastrointestinal

endoscopy as many as 300 procedures[18].
While it has been shown that practitioners with larger surgical volumes

tend to have fewer complications,[19-21] the extent of morbidity and

cost associated with acquiring that experience is unknown. Differences
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in innate abilities and individual performance variability[22-24] are at
least partly responsible for each individual having a unique learning
curve for any particular skill or procedure. Although surgeons in
practice will always continue to improve and refine their skills, the
ultimate goal would be for the trainee to have reached an advanced
level of skill proficiency prior to operating on live patients. The
investigation of a structured training and assessment (STAC)
curriculum for the performance of a laparoscopic cholecystectomy has
shown that a significant portion of the learning curve can, indeed, be
transferred from the operating room to the simulation laboratory.[25]
Follow-up practice and training are also necessary to maintain
proficiency and prevent skill degradation. In a review of laparoscopic
complications 3 months following initial training, surgeons who
performed procedures without additional training were more than 3
times as likely to have at least one complication compared with
surgeons who sought additional training.[4] Similarly, at 12 months,
surgeons without further training were over 7 times more likely to have
a complication than those who engaged in additional instruction.
Further, at both 3 and 12 months, laparoscopic complication rates of
individual surgeons demonstrated a significant inverse correlation with

the number of laparoscopic procedures performed during that period.

1.4 Surgical Simulation

Over 2 decades ago, Satava[26] appreciated the potential for virtual
reality (VR) simulation to enhance surgical skills training in an effective
and cost efficient manner. Expense, insufficient computing power,
limited sensory feedback, and lack of an understanding of how to
harness and utilize simulation initially limited its impact and
implementation into surgical training. At that time, general surgery and
in particular the laparoscopic surgery discipline demonstrated the
effectiveness of simulation for training and skills transfer to the
operating room.[27-30] Orthopedic surgery and the subspecialty of

arthroscopy are just beginning to study the role of simulation for
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surgical education. Previously, bench top (BT) models have been
evaluated[31-33] and, while they lack a degree of face validity[34], they
can be very effective and economical depending on the specific task
being trained, i.e. endoscopic knot tying.[35] One of the negative
aspects related to the use of physical models is the requirement for a
significant amount of faculty time to provide instruction and
particularly, feedback. Limited use is another drawback. Cadaver
training offers the opportunity to practice using ‘real’ anatomy.[36]
Associated disadvantages include cost, procurement, single use, disease
transmission, disposal, and comorbid pathology compromising the
region of anatomical study. In an investigation using the Arthroscopy
Surgical Skill Evaluation Tool (ASSET) and time to completion, an
assessment of training value was conducted comparing cadaver versus
VR training for knee arthroscopy at a single institution.[37] While the
cadaveric based training was twice as efficient, the VR simulator was

more cost-effective if employed at least 300 hours per year.

VR simulators have been studied[33, 38-48], although the definition of
VR is somewhat loosely defined and may or may not include haptics
and the simulated feeling of touch. For active haptic devices, a
computer generates and controls artificially created mechanical
resistance caused by the trainee’s actions. Passive haptic feedback
occurs with the use of the instrument itself, i.e. passing and
manipulating a hook probe through simulated skin and soft tissues.[49]
The incorporation of active haptics for VR simulators is both
challenging and costly and is just beginning to be implemented. The
lack of haptic feedback may introduce a level of risk for the trainee who,
lacking tactile feedback, may be unaware that they are potentially
contacting anatomic structures and creating tissue damage (i.e. by
aggressive handling of delicate tissues, over-penetration of an

instrument, or inappropriate tool trajectory).
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Arthroscopic procedures are particularly suited to the use of VR
simulation, as a 2D image that is projected on a monitor constitutes
representation of a 3D anatomical region. As the complexity of
arthroscopic procedures has evolved, mastery of the required skills has
become a greater challenge and requires more extensive training. It
has been difficult for orthopedic residency programs to provide
sufficient arthroscopic training in the curriculum due to the associated
costs, time constraints, and potential patient safety issues. As a
consequence, concerns exist as to whether residents are adequately
prepared to perform arthroscopic surgery on entering practice.[50] To
be valuable and effective in helping to train individuals to perform
arthroscopic procedures safely and effectively, it must be shown that
simulators are able to train essential skills that can be transferred to
the OR. In addition to training for fundamental arthroscopic skills[51-
53], simulation as a training tool for arthroscopy has predominantly
been studied in the knee[31, 37, 40, 41, 43, 45, 54, 55], shoulder[42, 52,
54, 56, 57], and hip[58]. Although simulator based training for
arthroscopic surgery in particular holds great promise and has ardent
supporters, the effectiveness of surgical simulation for arthroscopic
surgery remains largely unproven. To date, research metrics are almost
exclusively surrogates (time to completion, instrument motion analysis,
frequency of collision with anatomic structures, etc.) for actual
proficiency in accomplishing a specific arthroscopic task or surgical
intervention. In all probability, as various simulations and simulators
become better at emulating the necessary skills, they will become more
effective in preparing the surgeon to optimize treatment for their
patients. In addition, it is expected that the efficiency of the training
process using simulators will be enhanced and prepare trainees well in
a shorter period of time. Greater surgical proficiency and the reduction
of operative errors are certain to reduce patient morbidity and the

costs associated with managing related complications.

28



1.5 Validating Surgical Skills

We must search for and identify how best to employ simulation to
enable the trainee to master the requisite skills. Itis imperative,
however, that in our investigations, validation methodologies, rating
scales, and statistical tools be rigorously and accurately employed lest
we be led astray by acceptance and assumption too freely given. The
concept of ‘validity’ (i.e. face, content, construct, and concurrent
validity) can be applied with a brush too broad and should not be
accepted as though it were a clearly and rigidly defined standard.
Construct validity refers to the ability of a simulator to discriminate
between different levels of technical expertise. For most simulator
construct validity studies to date, however, global rating scales or
checklists along with time to completion, motion analysis, and
avoidance of collisions have been used as proficiency metrics. [38, 59-
61] These surrogate metrics of performance, however, may only loosely
correlate with the ability to perform a specific surgical task or
procedural component well. Too great of a reliance has been placed on
global rating scales (GRS) as they relate to the establishment of
construct validity. In 1932, Likert described a global rating scale in an
effort to assess a ‘range of attitudes’.[62] The numbers on the scale
were used to clarify the breadth of responses with every other digit on
the spectrum having no description at all. These scales were not
designed to be, nor are they objective assessments. Their use involves a
significant component of subjective interpretation by the scorer. The
fact that a numeric scale has been assigned does not, in and of itself,
‘objectify’ the scoring. Although the digits identified lend themselves to
statistical analysis, the basis for their assignment in this instance
remains subjective. One of the challenges imposed on subjectively
based assessments such as those used with GRSs is that it becomes very
difficult to gain acceptable inter-rater reliability (IRR) among blinded
assessors.[63, 64] What performance would justify a score of 2 or 4?
Even with 1, 3, and 5, the identifiers are subjective descriptions rather

than objective definitions. What “graceful and dexterous”, or “confident
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clear economy” means to one reviewer might mean something different
to another observer because subjective interpretation is required. In
contrast, objective assessments which use clearly defined (not
described) metrics that enable binary scoring, i.e. the event either ‘was’
or ‘was not’ observed to occur, provide a much more robust
evaluation.[65] Binary scoring makes the calculation of a very precise
(and high) IRR achievable, i.e. there was either agreement or
disagreement between 2 blinded raters on each item of an evaluation
(IRR = # agreements / # agreements + # disagreements [agreements +
disagreements = the total number of items being scored]). Since each
specific metric either was or was not agreed upon, the differences in
scoring are clear and precise - there is no averaging or pooling of

responses.

As noted above, performance metrics often include an analysis of
motion, which assesses economy and efficiency more than the
acquisition of technical skill. While motion analysis adds a degree of
objectivity to the evaluation of training tools, it is not synonymous with
evaluating the skills necessary to perform a procedural technically well.
Documenting the avoidance of collisions, however, is a more useful
metric as the creation of errors is often the best discriminator between

novice and experienced operators.[66]

Predictive validity is determined by the extent to which the
performance exhibited on a simulator correlates with surgical
performance in the OR. Evidence for transfer of training pertaining to
arthroscopic techniques is just beginning to be evaluated. Data exists,
however, to support that performance on a VR simulator does correlate
with the extent of surgical experience and operative skill.[67-69]
Further, skills exhibited on a VR simulator have a strong correlation
with demonstration of the same skills in a cadaver model.[52]
Correlations, however, don’t necessarily prove that skills acquired

during training directly transfer to the OR. Although transfer of
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training has been demonstrated for laparoscopic surgery[22, 70-73],
only one study has evaluated the effectiveness of transfer of simulator
trained skills for arthroscopy to the operating room.[74] The
investigation revealed that when performing a diagnostic knee
arthroscopy on live patients, trainees who were involved in a simulator
training program outperformed those who underwent traditional
training without simulation. We must be careful, however, not to
extrapolate to freely from diagnostic efficiency to arthroscopic surgical
skill in general. Surgical skill as it relates to obtaining a clear surgical
field of view, preparing a repair site, or passing and tying sutures
arthroscopically requires a much more sophisticated set of talents than

a straightforward diagnostic procedure

1.6 Human Factors

The challenges of performing endoscopic surgery are related in large
measure to the loss of 3D imaging that creates perceptual, spatial, and
psychomotor difficulties. 3D information must be interpreted from a
2D monitor. In the absence of binocular input, limited information is
provided as to the depth of images displayed on the screen. In addition,
compared to the natural view afforded by open surgery, scaling
difficulties due to magnification and image degradation contribute to
perceptual impairments. Pistoning or moving the arthroscope closer to
or further away from structures also alters the perspective. As the lens
moves closer, the FOV becomes restricted and limits the number of
reference structures available for orientation. A number of additional
challenges are unique to endoscopic surgery. The paradoxical
movement of instruments is due to the ‘fulcrum effect’[75] caused by
the passage of tools through a tissue plane such as the body wall or
more superficial tissues surrounding a joint. Thus, movement of an
instrument handle to the right results in the instrument tip moving to
the left in the body cavity and on the video monitor. Triangulation
refers to the ability to place the working component of separate

instruments in the same operative space and field of view (FOV). To

31



accomplish that task, the operator must conceptualize the surgical field
in 3D, accurately appreciate the location of instruments in space, and
manipulate them into the desired location even when the tools are not
initially in view. Finally, tactile feedback degrades when tissues are

manipulated with an instrument rather than the gloved hand.

The most significant contribution, however, to the difficulties in
attaining proficiency for minimally invasive endoscopic procedures is
insufficient training.[76] Regardless of how sophisticated the
instrumentation or how autonomous it is designed to work, operators
must still be trained to use it. Although the brain will eventually tend to
automate to the performance of many of the skills needed to perform
endoscopic surgery, time, meaningful practice and repetition are
required to master the necessary skills. Furthermore, the more novice
and inexperienced the operator, the greater the portion of finite
attentive resources that are consumed to focus on the recognition of
anatomy, maintain an acceptable FOV, and assess pathology as well as
accurately deliver, manipulate, and control instruments.[77-80] For the
more skilled surgeon, these tasks are automated for the most part.
Thus, the experienced surgeon retains sufficient attentive resources to
recognize potential difficulties, avoid pitfalls, and anticipate subsequent
steps. For the novice, those perceptions are sacrificed at the expense of
performing routine arthroscopy tasks. It is highly probably that as the
technical complexity of surgical procedures intensifies, particularly
with endoscopic and MIS, not all residents and or surgeons in practice
will have the prerequisite physical, conceptual, or 3 dimensional
abilities to become accomplished surgeons for technically demanding

procedures.

1.7 Arthroscopic Bankart Repair
For unidirectional anterior shoulder instability, capsulolabral /
ligamentous disruption from the anterior and inferior glenoid is a

significant contributor to recurrent anterior subluxation or dislocation
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of the shoulder. This constellation of pathology has been termed the
Bankart lesion.[81-83] Traditionally, the repair of the capsulolabral
tissue to the glenoid was performed in an open manner with suture
tunnels through the rim of the glenoid[83, 84], or suture anchors placed
along the glenoid margin.[85, 86] Methods were developed to perform
a suture anchor Bankart repair arthroscopically.[87, 88] As the
arthroscopic technique has been refined, it has become a commonly
accepted method for effectively stabilizing the shoulder in the absence
of bone deficiency.[89, 90] Variables do exist according to surgeon
preference with respect to whether the patient is placed in the supine
or beach chair orientations, the specific placement of the portals, and
the choice of viewing perspective.[91] The treatment of contact athletes
and those with glenoid bone deficiency or multidirectional laxity is
more controversial.[92] Depending on the extent of the pathology, 3
suture anchors are routinely used to accomplish a Bankart repair.[89]
For the AANA Copernicus Initiative designed to investigate the merits of
proficiency based progression training, we elected to use an
arthroscopic suture anchor Bankart repair. Itis a procedure, which is
commonly performed, employs a predominant technique, is
arthroscopic and able to be captured on video, and employs skills
common to many arthroscopic procedures including tissue
manipulation, debridement with a shaver, suture passage, and

endoscopic knot tying.

The first 4 publications presented in Chapter 2 of this thesis present
papers reviewing the evaluation and diagnosis of shoulder instability,
recommendations for shoulder arthroscopy set-up / approaches,
considerations for arthroscopic vs. open Bankart repair, and a
presentation of the principles and technique for an arthroscopic

Bankart repair.
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1.8 AANA Copernicus Investigation

In order to accurately study the merits of PBP training, 3 tools needed
to be developed and rigorously validated; a metrics tool[65], a training
tool[93], and an assessment tool[66]. The ‘metrics tool’ was needed to
accurately and objectively evaluate the performance of an arthroscopic
Bankart repair. The ‘training tool’ or simulator was needed to enable
trainees to practice the necessary steps / skills for the Bankart
procedure, to identify specific skill deficiencies, and to serve as an
intermediate evaluation tool to verify that the necessary skills had been
mastered before advancing to the use of a cadaver for training. The
shoulder model simulator afforded the trainee the opportunity to
commit errors in a consequence-free environment, to learn from them,
and make corrections. Finally, the ‘assessment’ tool was needed to be
able to accurately and objectively evaluate the performance of an
arthroscopic Bankart repair in a cadaver shoulder. This final tool
provided the ability to compare operative performance for 4th and 5t
year orthopedic residents who participated in one of 3 different
surgical training protocols, and to determine the relative effectiveness
of the different curricula. The development and validation of these 3
essential tools and a knot testing protocol are reported in the 5% - 8th
publications contained in this thesis, detailing the AANA Copernicus
Initiative: 1) “Metric Development for an Arthroscopic Bankart
Procedure - Assessment of Face and Content Validity” (Chapter 3); 2)
“The Bankart Performance Metrics Combined with a Shoulder Model
Simulator Create a Precise and Accurate Tool for Measuring Surgeon
Skill” (Chapter 4); 3) “The Bankart Performance Metrics Combined with
a Cadaver Shoulder Create a Precise and Accurate Assessment Tool for
Measuring Surgeon Skill” (Chapter 5); and 4) “Objective Assessment of
Knot-Tying Proficiency With the Fundamentals of Arthroscopic Surgery

Training Program Workstation and Knot Tester” (Chapter 6).

The 9t and final publication, “Results from the Arthroscopic

Association of North America (AANA) Copernicus Initiative; A
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multicenter, prospective, randomized, blinded trial of proficiency-based
progression training employing simulation for an arthroscopic Bankart
procedure”[94] reports the findings of a study comparing; 1) AANA'’s
traditional method of training residents to acquire arthroscopic skills
representing the apprenticeship model, 2) a simulator-enhanced
curriculum, and 3) a proficiency based progression curriculum coupled

with the use of a shoulder model simulator (Chapter 7).

1.9 Training to Proficiency

Many MIS and endoscopic surgeons acquired their skills in the
operating room. Currently, a typical preparation for a trainee learning
an advanced MIS procedure would involve attending a course with
lectures on indications and technique along with a video review of a
master surgeon performing the techniques on a live patient in the OR.
A practical skills laboratory would follow. The trainee would often then
return home to his or her own practice and begin to perform the
procedure. In some instances, a mentor might be available to proctor
and assist the surgeon on the first several cases. This abbreviated
approach to preparation fails to ensure that the requisite skills were
mastered and is no longer acceptable to patients or the surgical
profession.[6] Ideally, learning to perform a new skill would involve
obtaining a cognitive understanding of the specific techniques involved
as well as the appropriate clinical application for the procedure.
Further, knowledge of not only what to do, but perhaps even more
importantly, what to avoid in executing the technique would be
essential. The component skills would then be learned, practiced, and
mastered in the laboratory setting. Only when the skills could be
demonstrated to a previously established objective performance
standard or benchmark would the surgeon proceed to perform the

techniques in the OR on live patients.

A framework for a surgical skills training curriculum has been

developed and emphasizes 5 critical elements[95]: task deconstruction,
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creation of an evaluation tool, formulation of a comprehensive
curriculum, an assessment as to whether the learning achieved
transfers to a real environment, and the establishment of tools for
credentialing. In one related investigation, residents participating in a
structured training and assessment curriculum (STAC) demonstrated
both superior technical proficiency in the OR as well as nontechnical
skills compared with conventionally trained first and second year
surgical residents.[25] The curriculum consisted of case-based learning,
proficiency-based progression virtual reality training, laparoscopic box
training, and OR participation. In a separate report, a proficiency based
progression curriculum for obtaining the skills necessary to perform a
laparoscopic cholecystectomy was shown to produce superior OR
performance.[22] In that randomized, blinded trial, residents trained on
a MIST-VR simulator to an established performance level on two
consecutive trials performed a laparoscopic cholecystectomy 29%
faster with 6 times fewer errors when compared to residents who did
not undergo VR training. Few PBP curricula have been developed for

complete surgical procedures.[95]

1.10 Outcomes Based Medical Education

A belief that medical education and training must move from process
based (number of rotations, case exposure volume, etc.) to outcomes
based assessment (demonstration of skill proficiency) is evolving.[96]
It is neither possible to obtain a uniform level of performance nor
quality-assure proficiency without establishing clearly defined goals
and procedural skill benchmarks. The focus for education and surgical
training research should shift from an emphasis on validating
simulators to developing and validating comprehensive evidence-based
curriculums capable of training the needed skills for surgical
procedures in their entirety.[25] Despite the tremendous potential for
simulation to contribute to surgical skill development, we must keep in
mind the father of surgical simulation, Dr. Satava’s admonition - “It is

not the simulator, it is the curriculum”.[97] The AANA Copernicus
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Initiative rigorously investigates the merits of the evolving paradigm
shift from apprenticeship-like training to one of proficiency-based
progression training for endoscopic surgical skills. Based on the results
of this investigation, AANA is proceeding with the task deconstruction
and metric development for three additional arthroscopic procedures:
1) anterior cruciate ligament reconstruction for the knee, 2) rotator cuff

repair for the shoulder, and 3) acetabular labral repair for the hip.
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2. Shoulder Instability Management

2.1 Shoulder Instability Evaluation “The Overhead Athlete: How to
Examine, Test, and Treat Shoulder Injuries. Intra-articular
Pathology” Angelo R, Arthroscopy: The Journal of Arthroscopic
and Related Surgery, Vol. 19, No 10 (December, Suppl. 1),2003:
pp-47-50 [92] Appendix 1

(Candidate is the sole author of this publication)

2.11 Etiologies for Shoulder Instability in the Overhead Athlete
The overhead athlete typically places demands on his or her shoulder
that far exceed activities for the normal population. Intra-articular
pathology in the overhead athlete includes microinstability (often
anteroinferior), SLAP tears, internal impingement, biceps tendinopathy,
and partial articular surface rotator cuff tears. The fact that these
pathologies are interrelated and often coexist creates a challenge in
identifying specific etiologies. The pathomechanics involved in the
overhand throwing motion and the internal impingement phenomenon
in particular are complex. Treatment of these entities in the past has
produced varied outcomes. As the results of valuable research
accumulate, more unified models are evolving that begin to explain the
breadth of clinical findings better. With a more complete understanding

arrives the promise of more effective treatment strategies.

2.12 Microinstability

Progressive acquired capsular and ligamentous attenuation, unrelated
to specific traumatic events, may create progressive dysfunction in the
shoulder. Symptomatic microinstability can be anteroinferior, straight
anterior, or anterosuperior. Although posterosuperior instability has
been described, the pathology is not truly one of instability. Rather than
being caused by capsular and ligamentous laxity, it is due to posterior
capsular tightness and aberrant posterosuperior glenohumeral

translation. This issue is addressed later with internal impingement.
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Repetitive overhead sports activities including throwing, volleyball,
tennis, and gymnastics may create anteroinferior glenohumeral
instability, which is the most common acquired symptomatic laxity. On
examination, the “load and shift” test identifies excessive anteroinferior
laxity but is difficult to quantitate. The anterior Jobe relocation test is a
helpful sign. Patient apprehension is created when the examiner places
the involved shoulder in abduction and external rotation. The test is
considered positive if a posteriorly directed force applied to the
proximal humerus by the examiner eliminates the patient’s
apprehension. Arthroscopic findings may include a positive “drive-
through” sign in which the arthroscope can be passed from posterior to
anterior across the shoulder joint through a generous glenohumeral
interval. Abrasion or wear of the labrum and glenoid chondromalacia
are footprints of excessive translation of the humeral head on the

glenoid.

Treatment options include an arthroscopic capsular plication that
allows the surgeon, with some “guestimation,” to roughly quantitate the
magnitude of capsuloligamentous shortening and volume reduction
that is produced. A rasp or whisker shaver blade is used to lightly
excoriate the capsule along a 1.5-cm band adjacent to the labrum. A
tuck or fold of capsule is then created by inserting a curved, cannulated
suture hook into the capsule 1.0 to 1.2 cm lateral to the glenoid rim,
passing it immediately deep to the capsule, and exiting approximately 5
mm lateral to the glenoid rim. The suture hook is then delivered
beneath the intact labrum to create a tuck or fold of capsule. Long-term
follow-up is not available for this technique, but early results are
encouraging and the risk is relatively low because minimal tissue
destruction is created.

A second option to stabilize the shoulder is to perform a thermal
capsulorrhaphy. A great deal of debate has surrounded this technique
in the past several years regarding its safety and efficacy. The limited

clinical studies that are available show widely varying success rates.
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Levitz et al.[98] reported an 85% success rate in 122 throwing athletes
when thermal capsulorrhaphy was used as an adjunctive tool. Others
have reported failure rates from 15% to 60% depending on the primary
clinical pattern of instability.[99] The visible tissue response to the heat
probe is quite variable and is an unreliable guide to the magnitude of
the thermal effect on the tissues. Reports of permanent capsular
damage have led to recommendations for “striping” or creating a grid
pattern with the wand rather than simply painting the tissues. It is
advisable to leave as much healthy untreated tissue as that which is
thermally altered. Capsular necrosis, stiffness, and axillary nerve injury

are concerns and this modality must be used with caution.[100]

The open capsulolabral reconstruction has been reported to permit
return of up to 75% of professional baseball players for at least one full
season subsequent to shoulder repair. A transverse incision rather than
a vertical detachment of the subscapularis avoids much of the
morbidity associated with an open procedure and permits earlier and
more aggressive rehabilitation. A “pants over vest” imbrication of the
capsule along the glenoid rim is created to reduce the capsular volume

and restore stability to the shoulder.

2.13 Straight Anterior Instability

Straight anterior glenohumeral instability is relatively uncommon and
may result from tearing of the mid-labrum and detachment of the
middle glenohumeral ligament origin. In addition to repetitive
overhead activities, glenohumeral hyperextension at neutral rotation
and 45° abduction may also result in direct anterior instability.
Associated partial articular surface rotator cuff tears are identified in
approximately 2/3 of patients with this diagnosis. Examination findings
include a positive load and shift test and a positive anterior Jobe
relocation test. A positive Whipple test is often present if there is
associated supraspinatus tearing. This test is positive if pain results

from resisted elevation of the arm in the scapular plane. Treatment
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includes a suture anchor repair of the anterior labrum and associated
middle glenohumeral ligament complex along with arthroscopic

debridement of the articular surface rotator cuff tear.

2.14 Anterosuperior Instability

Anterosuperior instability is also relatively rare. The eponym, SLAC
(superior labrum anterior cuff) has been used to describe this
lesion.[101] The constellation of associated pathology includes an
anterosuperior labral lesion, a superior glenohumeral ligament tear,
and a partial articular surface supraspinatus tear. Occasionally,
chondromalacia of the anterosuperior glenoid quadrant is also present.
Approximately 50% of the patients who have been recognized with this
entity have been overhead athletes, and half have sustained significant
shoulder trauma. The superior labral and glenohumeral ligament

damage is either repaired or debrided along with the rotator cuff.

2.15 Slap-Biceps Lesions

The superior labrum is typically more meniscoid in configuration than
the inferior region. The biceps anchor has a variable attachment to the
supraglenoid tubercle with approximately 25% to 50% attaching to the
bony tubercle and 50% to 75% attaching predominantly to the
posterosuperior labrum. Normal variants include an anterosuperior
sublabral foramen and a cord-like middle glenohumeral ligament or
“Buford complex”. Snyder[102] was the first to classify superior labral
tears. Type I consists of superior labral fraying (20%); type 11, biceps-
labral detachment (55%); type IlI, a superior bucket-handle tear (9%);
and type IV, a bucket handle tear with extension into the biceps tendon
(10%). Complex, uncategorized tears make up the remainder (5%).
Microinstability, internal impingement (discussed later), forced
external rotation of the abducted arm,[103] and traction on the long
head tendon of the biceps during deceleration of the throwing arm are
possible mechanisms of injury creating SLAP lesions in the overhead

athlete.[104, 105]
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Many tests have been described to diagnose superior labral tears but
they often lack sensitivity and specificity. The following examination
tests tend to be more reliable. The posterior Jobe relocation test (for
posterior or superior SLAP lesions) is initiated by placing the patient’s
arm in 90° abduction and full external rotation. The test is considered
positive if the posterosuperior pain is relieved when the examiner
applies a posteriorly directed force to the upper arm. The O’Brien test is
performed by placing the patient’s arm in 90° flexion, 25° adduction,
and full internal rotation. Downward pressure on the arm applied by
the examiner may create anterosuperior pain. The test is considered
positive for an anterosuperior labral tear if the pain on resisted flexion
is eliminated when the arm is in a similar position, but the forearm is
fully supinated. Kibler’s anterior slide test is initiated by asking the
patient to their place hands on their hips with the elbows directed
posteriorly. With one hand, the examiner supports the scapula. The
other hand creates an anterosuperiorly directed force on the patient’s
elbow. If anterosuperior pain is generated, an anterior or superior

labral tear is suspected.

A challenge is often presented to the arthroscopist in deciding which
superior labral tears are significantly pathologic and require treatment.
Alarge recess between the superior labrum and glenoid may be a
normal occurrence. The findings that suggest significant pathology
include hemorrhage and irregularity at the biceps anchor, superior
labral arching with biceps traction, biceps “peelback” with abduction
and external rotation of the shoulder, and a positive “drive-through”
sign seen arthroscopically. Treatment includes debridement for type |
tears, suture anchor repair for type Il tears, resection versus repair for
type Il lesions, and repair, debridement, or biceps tenodesis for type IV

tears.[106]

2.16 Internal Impingement

The constellation of pathology found with internal impingement
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includes posterosuperior SLAP tears, a partial articular surface tear of
the posterior supraspinatus, and posterosuperior glenoid
chondromalacia. Walch et al.[107] were among the first to describe this
entity. Contact between the greater tuberosity and posterosuperior
glenoid may occur normally in full abduction and external rotation. It
was believed, however, that the repetitive frequency and intensity, with
which it occurred, especially during throwing, led to labral and rotator
cuff pathology. It was also believed that decreased humeral
retroversion could exacerbate the problem. Jobe[108] and Davidson et
al[109] attributed the pathologic findings of internal impingement to
acquired anteroinferior microinstability that can compromise the
obligate posterior rollback of the humeral head during abduction and
external rotation.[110] The resulting anterior translation and lack of
rollback of the humeral head were believed to permit increased impact
of the greater tuberosity on the posterosuperior glenoid. In addition,
hyper-angulation of the glenohumeral joint in the transverse plane was
thought to increase the frequency and magnitude of the greater
tuberosity-rotator cuff contact on the posterosuperior glenoid.
Kibler[111] suggested that a loss of scapular synchrony with inefficient
scapular elevation and retraction also contributed to hyper-angulation
of the glenohumeral articulation. Eventually, with repetition, the
increased stress on the anterior capsuloligamentous structures was
believed to create an acquired anteroinferior microinstability.
Components of several of these models likely coexist in any one

particular shoulder patient suffering from internal impingement.

More recently, Burkhart et al.[112] offered a model that unifies a
number of these concepts used to explain internal glenohumeral
impingement. A key finding thought to initiate the pathologic cascade is
a glenohumeral internal rotation deficit (GIRD) due to a contracted
posterior capsule. As the arm moves into abduction and external
rotation during the throwing motion, the contracted posterior capsule

“slings” beneath the humeral head. After the elongation in the posterior

43



capsule reaches it limit, the humeral head then begins to “roll up” the
capsule much like a tire on a rope that results in an aberrant
posterosuperior shift of the humeral head. This shift creates shear
forces that produce posterosuperior labral tearing and glenoid
chondromalacia. Accompanying the posterosuperior shift in the axis of
humeral head rotation is a pseudolaxity of the anterior capsule. As the
humeral head translates posterosuperiorly, it no longer “fills” the
anterior capsule and results in redundancy of the capsule. The anterior
pseudolaxity was thought to permit hyper-external rotation of the
shoulder. There are 2 consequences of the hyper-external rotation of
the humeral head. First, along with excessive torsion of the biceps
tendon, the vector of the tendon becomes more posteriorly directed
than normal and leads to a “peelback” of the posterior and superior
labrum.[113, 114] Secondly, excessive torsion of the rotator cuff may
contribute to tearing of the articular surface fibers. Finally, a “break in
the ring” of the posterosuperior labrum (circle concept) is thought to
add to the anterior capsular pseudolaxity that may be manifested as a
positive “drive-through” sign during arthroscopy. Examination findings
of significance include a loss of internal rotation greater than 25°
compared to the normal side when the arm is in 90° of abduction. In
addition, a positive posterior Jobe relocation test is often present as
previously noted. Excessive anteroinferior glenohumeral translation

may be detected but is often difficult to quantitate.

The initial treatment is directed toward activity modification,
nonsteroidal anti-inflammatory medication (NSAIDs), focused posterior
capsule stretching (sleeper stretches), and rotator cuff and periscapular
strengthening. If posterior capsular stretching is unsuccessful, a limited
arthroscopic posterior capsular release may be indicated for a small
number of patients.[115] If significant anteroinferior microinstability is
present, consideration may need to be given for an arthroscopic
capsular plication, thermal capsulorrhaphy, or open anterior

capsulolabral reconstruction.[116] When a posterior or superior SLAP
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I lesion is present, it should be repaired and will usually eliminate the

drive-through sign seen at diagnostic arthroscopy.

2.17 Partial Articular Surface Rotator Cuff Tears

The etiology for partial articular surface rotator cuff tears is likely
multifactorial but may include repetitive traction on articular surface
fibers during deceleration of the throwing arm,[117] and internal
impingement as described above. Biomechanically, the articular surface
of the cuff may be more likely to fail under tensile rather than
compressive forces.[118] A grade 1 tear describes a defect less than 3
mm (~ < 25% of the rotator cuff thickness); grade 2, 3 to 6 mm defect
(< 50%); and grade 3, greater than 6 mm defect (> 50%). Treatment
includes an arthroscopic debridement to stable, healthy rotator cuff
tissue. For the few that are grade 3 tears, consideration may need to be
given for an arthroscopic or mini-open rotator cuff repair. An
arthroscopic subacromial decompression may be considered part of the
management for grade 1 and 2 articular surface tears as suggested by
Payne et al. [119] Great caution should be exercised if instability is a
component of the pathology because a subacromial decompression may

aggravate the patient’s symptoms.[120]

2.18 Summary

The pathology in the overhead athlete’s shoulder is often complex, with
substantial overlap between microinstability, labral pathology, internal
impingement, and partial articular surface rotator cuff tears. An
accurate diagnosis demands careful integration of the history, physical
examination findings, imaging studies, examination under anesthesia,
and findings at diagnostic arthroscopy. The treatment options
described have relatively little intermediate or long-term follow-up and

remain controversial.
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2.2 Shoulder Arthroscopy Set-up: “Arthroscopic Setup: Approaches
and Tips for Success” Angelo R. In: Johnson D. ed. Operative
Arthroscopy, 4t Edition. New York: Lippincott, 2013.

Appendix 2

(Candidate is the sole author of this publication)

2.21 Patient Positioning

The safety and ease with which an arthroscopic shoulder procedure is
accomplished frequently relates to how the patient is positioned and
how accurate and utilitarian are the portals that have been established.
Although minor variations exist, most surgeons employ either the
lateral decubitus or the beach chair position for the patient, and each
has its proponents. The choice is largely influenced by the familiarity
gained while the surgeon was learning shoulder arthroscopy, the ease
and anticipated likelihood of converting to a mini-open procedure, and
the availability of surgical assistants and supportive devices for arm
positioning. Equipment is readily available to facilitate the use of either

position.

2.211 Lateral Decubitus Orientation

The supine position is used during the induction of general anesthesia.
The patient is then repositioned in the lateral decubitus orientation on
a vacuum bag (Figure 2.21, B). A gel pad can be layered on top of the
beanbag, particularly if there is the anticipation that the procedure may
be prolonged. A soft axillary roll is placed beneath the upper thorax to
minimize direct pressure on the axilla, and the head is supported in a
neutral orientation. The patient’s thorax is allowed to roll back
approximately 15 degrees orienting the glenoid roughly parallel with
the floor. The vacuum bag is then evacuated to maintain support. All
bony prominences must be appropriately padded, in particular the
fibular head to protect the peroneal nerve. The operating table is then

rotated to position the anesthesiologist and related equipment in an
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area at the middle of the operating table near the patient’s abdomen
(across the table from the surgeon). The surgeon is thus provided with
unrestricted access to the involved shoulder. Monitors are located for

easy viewing.

[f the primary procedures are to be performed in the subacromial
region, the primary monitor is positioned superior and anterior to the
patient’s head. A secondary monitor for use by the surgical assistant
may be located in front of and above the patient’s abdomen. When the
work to be completed is primarily in the glenohumeral joint, i.e. a
Bankart or SLAP repair, the monitor is set across from the surgeon near
the patient’s abdomen as the general viewing direction for gle-
nohumeral procedures is anterior rather than superior. The arm is
supported in 30 to 40 degrees of abduction and 15 degrees of forward
flexion using 10 Ib. (4.5 kg) to suspend rather than place significant
traction on the arm. This shoulder position is varied during the case
depending on the access necessary to specific locations. Numerous
sterile sleeves and gauntlet devices are commercially available to

support the arm.

Arthroscopic Bankart repairs may be facilitated by directing 10 lb. (4.5
kg) of accessory traction laterally (perpendicular to the proximal
humerus) to distract the shoulder and improve access to the anterior
aspect of the glenohumeral joint. Alternatively, an assistant can
accomplish a similar manual maneuver. A routine sterile prep and
draping are then performed. The lateral decubitus method eliminates
the need for an assistant or mechanical device to support the arm.
Internal and external rotation of the suspended arm affords acceptable
access to the entire rotator cuff. If range of motion is to be assessed at
the completion of surgery, i.e. following a Bankart repair, the arm is
removed from suspension for the motion exam while maintaining

sterility of the sleeve’s suspension loop.
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While working in the glenohumeral joint, the monitor view of the
glenoid is typically oriented parallel with the floor. When working in
the subacromial space, however, the surgeon may elect to either
maintain this orientation (the acromion is vertical) or rotate the camera
head to view the acromion in a position parallel with the floor (as it

would appear with the patient standing).

If converting to an open procedure through a standard deltopectoral
approach for the glenohumeral joint, subscapularis, or biceps tendon,
the unsterile portion of the suspension apparatus is removed and the
patient’s arm is allowed to rest on the ipsilateral hip. The vacuum bag is
at least partially inflated (softened) and the patient allowed to roll back
into a more supine position. The draw sheet is used to center the
patient on the operating table. The table is then configured to a gentle
beach chair orientation with acceptable position and support for the
head and neck verified. Although it is unnecessary to completely re-
prep and re-drape, it is prudent to replace the clean, sterile barrier
sheet anterior to the shoulder to shield the anesthesiologist and related

equipment.

Figure 2.21 A: Patient positioned in the lateral decubitus orientation:
anesthesia setup is near the abdomen. Dual monitors are helpful,
particularly to provide a comfortable view for the surgical assistant. B:
Once draping is complete, easy access to the entire shoulder is afforded;

the arm is “suspended with 10 Ib. through a disposable arm sleeve.
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If the surgeon elects to convert to a mini-open approach to the
subacromial region, repositioning is unnecessary although some prefer
to tilt the table posteriorly toward the surgeon to improve access to the
anterior shoulder. An approach to the supraspinatus and infraspinatus
is readily obtained by extending the lateral subacromial (LSA) portal
superiorly. An absorbable suture is introduced transversely through the
deltoid at the inferior extent of the portal defect to prevent inadvertent
distal extension of the deltoid split and iatrogenic injury to the axillary
nerve. The deltoid is then divided proximally along its fibers to the level

of the acromion.

2.212 Beach Chair Orientation

Some surgeons prefer the beach chair position due to its more anatomic
orientation, which conforms to the familiar open approach.[121] The
patient’s thorax is positioned to permit the involved shoulder to
overhang the side of the table. Once the hips are flexed 70° to 80° and
the legs 30°, the back is elevated approximately 70°. After padding bony
prominences, a vacuum pack supports the hips and thorax, but is
pushed medially and displaced from the ipsilateral periscapular region
before evacuating air. Alternatively, a specially designed table with a
removable wing for exposure of the operative shoulder may be
employed (Figure 2.22A, B). A more vertical orientation for the back
will minimize the dependent position of the camera when the scope is
in the posterior portal minimizing the chance that the lens will fog.
However, a more upright position for the thorax increases the
hydrostatic pressure gradient between the head and the brachium. The
anesthesiologist sets up near the patient’s uninvolved shoulder, and the
viewing monitor is placed opposite the surgeon near the foot of the
table. A surgical assistant or a sterile, maneuverable mechanical arm
holder adjusts the position of the shoulder during the procedure,
depending on the access necessary. Somewhat greater mobility of the
arm and shoulder exists when compared with the lateral decubitus

position.
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Figure 2.22. A: Patient positioned in the beach chair orientation;

anesthesia setup is near the contralateral shoulder; a table with a
removable wing affords easy access to the entire shoulder. B: The
anterior and posterior aspects of the shoulder are readily accessed; a

sterile arm positioner can be employed if desired.

The upright (anatomic) orientation for the arthroscope and monitor
view is maintained while working in both the glenohumeral and the
subacromial regions. Conversion to an open procedure for all regions of
the shoulder is relatively simple and only requires reducing the
elevation of the thorax. The vacuum pack must be at least partially
inflated in order to safely change the patient’s position without creating
pressure points. Alternatively, a relatively more supine position for the
thorax can often be accomplished by tilting the entire table into a

greater Trendelenberg position.

A recent case report series identified four patients who underwent
shoulder surgery in the beach chair position, which resulted in one
death and three patients with severe brain damage. [122] Cerebral
hypo-perfusion, rather than cardiovascular risk factors, was believed to
be the cause and may be attributable to differences in blood pressure
reference points. A blood pressure difference as great as 90 mm Hg
between the head and the calf may exist in the sitting position based on

hydrostatic factors alone. Potentially catastrophic cerebral hypo-
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perfusion can be avoided by taking precautions including placing the
blood pressure cuff on the brachium rather than the calf, [123]
maintaining perioperative blood pressure values at a minimum of 80%
of preoperative resting values, and ensuring that the intraoperative
blood pressure is at a minimum of 100 mm Hg at the level of the head.
Losses of vision and ophthalmople-gia have also been reported
following general anesthesia with the patient in the beach chair
position, but the exact mechanisms for this pathology are unclear. [123]
Lower extremity thromboembolic events are also possible with the
patient in the beach chair position and make the use of cyclical

pneumatic compression cuffs around the calves prudent.

2.22 Anesthesia Choices
2.221 General Anesthesia

Both endotracheal intubation and a laryngeal mask airway (LMA)
provide safe, reliable options for maintaining the airway during general
anesthesia. No durable analgesia is afforded once the patient awakens,
and nausea/vomiting can sometimes be difficult to manage in the

perioperative period.

2.222 Interscalene Regional Block

Interscalene blocks (ISBs) provide anesthesia, muscle relaxation, and
postoperative analgesia although supportive parenteral pain
medication may be necessary during the immediate postoperative
period. [124] An ISB can be used as the primary means of anesthesia or
as an adjunct to general anesthesia. As with any invasive procedure, the
risk/ benefit ratio determines its use. Proponents note its effectiveness
despite the frequent need for some additional narcotic support during
the immediate postoperative period and its relatively low risk of
serious complications. Dedicated anesthesia teams committed to
regional anesthesia and who perform a large number of blocks will help
to minimize untoward events. [125] Potential serious complications

have been reported including cardiac arrest, grand mal seizures,
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hematoma, and pneumothorax. Possible neurologic injuries include
damage to the recurrent laryngeal, vagal, and axillary nerves. Phrenic
nerve dysfunction is common and can give rise to significant
respiratory distress. Brachial plexus pathology may include transient
paresthesias (which have been reported to be as high as 9% at 24 hours
and 3% at 2 weeks post-op), [126] or a brachial plexus palsy, which
may be transient, require prolonged recovery or be permanent in a very

small number of cases.

It is essential that the block be performed with the patient awake so
they are able to provide critical feedback during administration of the
block. More recently, the use of ultrasound to guide placement of the
needles has added a measure of safety. Even with a successful block, the
duration of pain relief averages only 12 to 18 hours following surgery,
which may make pain management challenging in an outpatient setting.
[124] A thorough disclosure of the potential risks should be discussed
with the patient, preferably beforehand in an office setting during the

preoperative visit.

2.223 Adjunctive Pain Management

The suprascapular nerve supplies 70% of the sensation to the shoulder
joint. Instillation of 20 cc of 0.25% bupivacaine adjacent to the
suprascapular nerve may result in up to a 30% reduction in
postoperative narcotic usage and a 5-fold reduction of nausea. [127,
128] This block carries a low risk when performed with a blunt-tipped
needle, and may be repeated as necessary, even in an office setting on
the first postoperative day. [129] In addition, local infiltration of the
portal sites with 0.5% bupivacaine leads to further reduction in pain.
Pain pumps remain controversial, but have been safely used in the
subacromial space provided that the glenohumeral joint is not exposed
to the catheter and infiltrate. Cooling jackets using circulating ice water

may also substantially improve patient comfort.
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2.23 Portals

When arthroscopic portals are properly placed, they will provide the
necessary field of view and instrument access to desired locations
within the glenohumeral joint, acromioclavicular joint, and subacromial
space. [130-134] A thorough knowledge of the regional anatomy,
particularly the palpable bony landmarks, will improve safety during
placement and ensure accuracy in establishing the desired portals.
Compared to the glenohumeral joint, there is a greater margin of safety
in creating access to the subacromial space where the use of various

accessory portals is routine.

2.231 General Technique

Bony landmarks are identified by careful palpation and mapped at the
beginning of the case prior to soft tissue distortion from fluid
extravasation. Anticipated portal sites are referenced from the
landmarks and identified using a surgical marker. All anatomical
references and diagrams provided in this document are for a right
shoulder with the patient in the lateral decubitus orientation. Minor
adjustments to the recommended distances from anatomic landmarks
may be necessary if the patient is supported in the beach chair
orientation or for particularly large or small patients. As experience is
gained, surgeon preference may also lead to subtle adjustments in the
skin entry site for various portals. The posterior glenohumeral portal is
typically established first. It is recommended that all subsequent
portals be made in an outside-in manner under direct vision after first
establishing the desired tract with a spinal needle. A small skin incision
is made at the chosen entry site and a trocar and cannula directed along
the path identical to the spinal needle and into the glenohumeral joint

or subacromial space.

2.232 Glenohumeral Portals (Figure 2.23)

Posterior (P) serves as the primary intra-articular viewing portal and
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provides instrument access to the posterior glenoid labrum and rim,
posterior capsule, and articular surface of the infraspinatus. The field of
view includes the glenoid, posterosuperior humeral head, anterior
capsule, biceps, superior subscapularis, glenohumeral ligaments, and
articular surface of the supraspinatus and superior subscapularis
tendons (Figure 2.24A, B). The entry site is 1.0 to 1.5 cm inferior and

1.0 cm medial to the posterolateral (PL) corner of the acromion.

Figure 2.23. Right shoulder in the lateral decubitus orientation viewed
from superior (anterior is to the left); bony landmarks are mapped out
and the common glenohumeral portals are identified; P, posterior; A,
anterior; P, posteroinferior; PL, posterolateral (“Port of Wilmington”);
AS, anterosuperior; AL, anterolateral; MA, midanterior; LC, lateral

coracoid.

After creating a small skin incision, the cannula is introduced and
directed toward the coracoid tip. If it is anticipated that this portal will
be employed to drill or insert anchors along the posterior glenoid rim,
the entry site must be adjusted 1 cm further lateral to account for the
anterior glenoid version. This modification will enable the approach to
be approximately 45° to the glenoid in the transverse plane. If this

lateral modification is not made, the portal will be too “shallow” and
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create a risk that instruments will either skive off the articular cartilage

or be directed too far medial along the glenoid neck.

A. B.

Figure 2.24. A: All arthroscopic photos are of a right shoulder with the
patient in the lateral decubitus position; scope is in the posterior portal
viewing anteriorly; HH, humeral head; B, biceps; MGHL, middle
glenohumeral ligament; AC, anterior cannula. B: Scope is in the
posterior portal viewing anteriorly; HH, humeral head; B, biceps; SS,
capsule overlying the articular surface of the supraspinatus just

posterior to the biceps.

Anterior (A) enters through the middle of the rotator interval and
provides instrument access to the biceps, anterior labrum, glenoid rim,
anterior and superior capsule, articular surfaces of the supraspinatus,
infraspinatus, and the superior aspect of the subscapularis tendons. The
field of view includes the posterior glenoid and labrum, anterosuperior
(AS) humeral head, articular surface of the infraspinatus, posterior
capsule, and the biceps origin (Figure 2.25A, B). The entry site is
midway between the coracoid tip and the anterolateral (AL) corner of
the acromion. The cannula is directed toward the center of the glenohu-

meral joint while viewing from the posterior portal.
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A. B.

Figure 2.25 A: Scope is in the anterior portal viewing posteriorly; PC,
posterior capsule; PL, posterior labrum; PG, posterior glenoid. B: Scope
is in the anterior portal viewing posterosuperiorly; HH, humeral head;

IS, capsule underlying the infraspinatus tendon; PC, posterior cannula.

Midanterior (MA) is the preferred portal to instrument the anterior
glenoid rim with drills and anchors in preparing the neck for a Bankart
repair. In addition, it affords access to the anterior and inferior capsule
for suture-passing instruments. The entry site is 1.5 cm lateral and 1.5
cm inferior to the coracoid tip. A spinal needle identifies the
appropriate track, which, after penetrating the skin, is directed
somewhat superiorly over the superior boarder of the subscapularis. A
small superficial skin incision is made, and an obturator and cannula
are initially directed superiorly, then over the top of the subscapularis,
and finally inferiorly to enable ready access to the inferior glenoid.
Instruments passing through this portal should be able to approach the

glenoid at a 45° angle in the transverse plane.

AS provides a tangential view to the anterior glenoid rim and neck (for
Bankart repairs), the superior insertion of the subscapularis onto the
lesser tuberosity, the superior and posterior capsule, labrum, and
glenoid rim (Figure 2.26A, B). The entry site is 1.0 cm directly lateral to
the AL corner of the acromion, and the cannula is directed immediately

anterior to the anterior boarder of the supraspinatus and then either
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anterior or posterior to the biceps tendon, depending on the intended

primary use.

Figure 2.26. A: Scope is in the AS portal viewing anteroinferiorly;
probe is demonstrating a Bankart lesion; G, glenoid; AL, anterior
labrum. B: Scope is in the AS portal viewing posteroinferiorly; probe is
inside a posterior labral tear; HH, humeral head; G, glenoid; PL,

posterior labrum.

AL serves to enable instrument access to the posterior aspect of the
coracoid, the anterior, superior, and posterior aspects of the
subscapularis for release, and to the lateral boarder of the
subscapularis (e.g., for use with antegrade suture-passing instruments).
The entry site is 1.0 cm anterior and 1.0 to 1.5 cm lateral to the AL
corner of the acromion. The cannula or instrument is directed toward
the posterior aspect of the tip of the coracoid or somewhat more
inferiorly toward the biceps groove.

Lateral coracoid (LC) enables instrument access to the lesser tuberosity
for subscapularis repair from an intra-articular view. The entry site is
1.0 to 1.5 cm directly lateral to the middle of the coracoid tip and the
instrument is then directed somewhat laterally toward the lesser

tuberosity.
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PL (or Port of Wilmington) facilitates placement of anchors at the
posterosuperior glenoid rim for labral repair. The portal may penetrate
the infraspinatus tendon. Concern has been raised regarding the defect
in the tendinous portion of the rotator cuff and it is advisable to limit
this portal to the smallest diameter practical for a given anchor and its
preparation. The entry site is 1.5 cm anterior and 1.5 cm lateral to the
PL corner of the acromion. Viewing from an anterior portal, a spinal
needle is directed approximately 45° from lateral to medial to establish

the proper track.

Posteroinferior (PI) provides instrument access to the posterior capsule
and axillary recess for capsular excoriation and suture plication. The
entry site is 2.0 cm inferior and 1 cm lateral to the posterior portal. A
spinal needle is used to establish the proper track while viewing from
the AS portal. Care must be taken not to err too far inferior and risk

injury to the axillary nerve.

2.233 Subacromial Portals (Figure 2.27)

Posterior subacromial (PSA) is a primary viewing portal and offers
instrument access to the posterior bursa, cuff, the acromion, and the
greater tuberosity. The field of view includes the entire subacromial
space, acromioclavicular joint, extra-articular biceps and sheath, the
coracoclavicular ligaments, and suprascapular notch (Figure 2.28A, B).
The entry site is the same as the posterior glenohumeral portal. The
trocar is directed anterosuperiorly, immediately inferior to the inferior

surface of the acromion.
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Figure 2.27. Right shoulder in the lateral decubitus orientation viewed
from superior (anterior is to the left); bony landmarks are mapped out
and the common glenohumeral portals are identified; PSA, posterior
subacromial; PLSA, posterolateral subacromial; LSA, lateral subacro-
mial; LA, lateral acromial; ALSA, anterolateral subacromial; ASA, ante-

rior subacromial; SM, Neviaser portal.

LSA provides a “50-yd line” view of the supraspinatus-infraspinatus
insertion onto the greater tuberosity and a lateral view of the
acromioclavicular joint, the anterior acromion, and the posterior bursal
curtain. Instruments are able to approach the rotator cuff, greater
tuberosity, and acromion. The entry site is 2.5 to 3.0 cm lateral and 0 to
1.0 cm posterior to the AL corner of the acromion. Instruments roughly

parallel the inferior surface of the acromion.

Anterolateral subacromial (ALSA) portal is the same as AL glenohumeral
portal, but is placed into the subacromial space. When in the anterior
subacromial (ASA) space, it provides a view of the extra-articular
biceps, the inter-tubercular groove, the bursal surface of the
subscapularis, and the lesser tuberosity (once the clavipectoral fascia

has been excised). Instruments can approach the subscapularis tendon
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for release and suture passage as well as to perform a coracoplasty. The

entry site is 1.0 cm anterior and 1.0 to 1.5 cm lateral to the AL corner of

the acromion.

Figure 2.28. A: Scope is in the PSA portal viewing anteriorly (camera is
rotated to place the acromion horizontal in all subacromial photos);
normal subacromial bursal region; SS, normal supraspinatus with
vascular pattern; SB, ASA bursal fold. B: Scope is in the PSA portal
viewing anteriorly; SS, bursal surface of supraspinatus; Acr, large

anterior acromial spur.

ASA is the same as the anterior glenohumeral portal, but enters the
subacromial space. It offers a view of most of the subacromial space, but
is commonly used for suture management. Instruments can be
introduced into the anterior aspect of the rotator cuff for a side-to-side
repair. Once through the skin, the trocar is directed immediately
beneath the anterior margin of the acromion. When instrument access
to the biceps groove is intended, the optimal portal entry site is
identified with a spinal needle. While viewing from the AL portal, the
needle is directed toward the biceps groove with the humerus

internally rotated approximately 20°.

Posterolateral subacromial (PLSA) serves as a primary viewing portal to
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address rotator cuff pathology. Once established, a 30° scope offers a
“50-yd line” view of the rotator cuff and subacromial space (Figure
2.29). The entry site is approximately 1.0 cm anterior and 1.0 cm lateral
to the PL corner of the acromion. An arthroscope in the PL portal may
interfere with instruments introduced through the LSA portal if a

minimum of 3 cm is not maintained between the two sites.

Figure 2.29 Scope is in the PLSA portal viewing anteromedially; probe
demonstrates a bursal-sided rotator cuff tear; SS, supraspinatus; GT,

greater tuberosity.

Lateral acromial (LA) is primarily used for instrument approach to the
greater tuberosity (e.g., drill, tap, and anchor insertion for rotator cuff
repair). The entry site is immediately lateral to the lateral border of the
acromion. The optimal anteroposterior location is identified using a spi-
nal needle. Access to the entire greater tuberosity is possible with
internal and external rotation of the humerus. When attempting to
place anchors into the medial aspect of the greater tuberosity adjacent
to the articular cartilage, it is essential to nearly completely adduct the

humerus to avoid approaching the tuberosity at too shallow an angle
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and potentially violating the articular surface of the humeral head.

Superomedial (SM—Neviaser) is employed to introduce suture-passing
and retrieving instruments toward the rotator cuff. The entry site is 1.0
cm medial to the posterior aspect of the acromioclavicular joint. While
the arthroscope in the subacromial space and the arm abducted <45°, a
spinal needle is directed from medial to lateral at approximately 60°in
the frontal plane. If the portal is introduced too close to the
acromioclavicular joint, the mobility of the instrument is significantly

restricted.

Anterior acromioclavicular (AAC) affords an anterior approach for
resection of the distal clavicle. The entry site is 2.0 cm anteroinferior to
and in line with the acromioclavicular joint. The optimal path is
identified with a spinal needle. Alternatively, when approaching the
acromioclavicular joint in direct fashion, two small portals can be es-
tablished. One is directly AS and a second posterosuperior to the AC
joint. A small-diameter arthroscope and shaver are used initially until a

greater space can be established.

2.24 Suture Management

Suture management is one of the most challenging aspects of accurately
completing an effective arthroscopic shoulder procedure. By employing
a systematic routine, suture can be passed, manipulated, and tied in an
efficient manner. Simplifying the steps involved results in time saved
and frustration avoided. Suture must be handled carefully to avoid
fraying and nicking with the possibility of eventual breakage. Loop
rather than jaw-type graspers help maintain this suture integrity. It is
optimal to isolate the suture being manipulated whenever possible by
placing all other nonworking sutures in a separate portal. Tangling and
mistaking various limbs and suture mates can thus be avoided. Once all
sutures for a given anchor have been passed, the working cannula is

withdrawn and then reinserted placing the sutures outside the cannula,
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which can then be used to manage a new set of sutures.

In order for sutures to securely re-approximate tissue, they must be
optimally placed. When manipulating tissues and suture-passing
instruments, efficiency can be gained by having an assistant hold the
arthroscope to maintain an acceptable field of view. The surgeon is then
able to secure the tissue with graspers in one hand while controlling the
suture-passing device with the other, similar to using forceps and a
needle driver in an open technique. Antegrade devices, which often
simplify suture passage by minimizing the number of steps involved,
can be made more efficient by using a counterforce traction suture to
control the tissue and prevent it from being pushed away during
instrument delivery. When using a penetrating device in retrograde
fashion, its mobility can be restricted significantly once it has passed
through the tissue. Rather than attempt to “chase” the desired suture
with the open jaw, deliver the selected anchor suture to the penetrator
with a loop grasper or knot pusher. Various cannulated instruments,
with or without an attached suture retrieval loop, do not require the
use of a cannula and are able to be introduced through a very small skin

nick such as the SM (Neviaser) portal.

Managing sutures in an orderly fashion avoid entanglements. When
passing sutures through the rotator cuff, it is helpful to pass them from
“far to near.” Those sutures that are to be passed furthest from the
viewing arthroscope are introduced first (Figure 2.210). Consequently,
as subsequent sutures are delivered closer to the arthroscope, the field
of view remains unobstructed by previously passed sutures. The suture
pairs are then progressively tied in the opposite sequence, that is, those
closest to the scope tied first and those furthest tied last. This method
permits adherence to the principle of working with sutures in isolation

as much as possible.
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Figure 2.210. Diagram of a right shoulder viewed from superiorly
depicting a large “L” shaped rotator cuff tear; consider placing most
medial (farthest from scope) sutures first and working progressively
laterally (closest to scope); consider tying the most lateral sutures first

and then progressing medial with suture pairs.

When working with sutures that pass through anchors, care must be
taken to avoid “offloading” the suture from the anchor. The location of
the involved anchor should be kept in view while a limb is being
retrieved to verify that the suture is being pulled through the anchor.
Stop, reorient yourself, and select the proper limb if the suture is

moving through the anchor.

Many methods exist for tying knots. When using a sliding knot, the post
limb must pass through the tissue being repaired so that the knot is
delivered toward the tissue and away from the anchor. Otherwise, as
the knot is introduced, it can become “bound up” at the entry site for
the anchor and fail to slide further, compromising loop security. In
addition, prominent knots near articular surfaces may generate

significant chondral scuffing and abrasion. As half hitches are
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introduced to secure the knot, the post should be alternated, the throw
reversed, and each half hitch seen to “lay down” without inappropriate

twists.

2.25 Tips / Tricks / Pearls

Accurate portal placement is essential. If the initial portal placement is
malpositioned or misdirected, time, frustration, and potential
complications can be avoided by establishing a new portal in the
optimal location. Using sharp trocars or excessive force to penetrate the
capsule can lead to inadvertent damage to the articular cartilage. Once
established, screw-in or lock-in cannulas are more secure, particularly
when instruments are passed through them frequently. A relatively
tight portal of entry through the skin will also help prevent inadvertent
withdrawal of the cannula. Clear cannulas improve the visibility of

instruments and sutures that are within the tip of the cannula.

It is essential to obtain a clear field of view. Relative hypotensive
anesthesia, a hydrodynamic balance of inflow and outflow pressures,
irrigation containing epinephrine, and selective radiofrequency
cauterization can lead to improved visibility. Repositioning of the joint
often improves the view, especially in relatively tight regions (e.g.,
posterior displacement of the humeral head to improve access to the
anterior glenoid or improve working space when addressing
subscapularis lesions; adducting the shoulder to safely approach the
medial aspect of the lesser tuberosity). Anatomic relationships should
be verified prior to resecting or altering any tissue. Motorized
instruments and sharp tools must be kept in view to prevent iatrogenic

tissue damage.
If a suture is inadvertently offloaded from an anchor with a suture loop

eyelet, a new suture can be reintroduced into the anchor (Figure

2.211A-E). Reposition the suture remaining in the anchor to create
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asymmetric limbs. Load a free suture in a small atraumatic needle and
then pass that needle through the braids of the longer limb of the
remaining anchor suture where it exits the working cannula. By placing
traction on the short limb of the remaining anchor suture, the free
suture can be “shuttled” through the anchor eyelet. Once the two

sutures are disengaged, both pass through the suture eyelet.

When a suture is accidently offloaded from an anchor with a rigid eyelet
and multiple sutures, a new suture can be secured to the anchor (Figure
2.212A-C). A simple overhand throw is created outside the cannula
with the suture, which still passes through the anchor. A second free
suture is passed beneath the loop that has been created. As the half
hitch is delivered down the cannula, it draws the second (free) suture to
the anchor head. Second and third alternating half hitches are
introduced to secure the free strand. Once all limbs are passed through
the tissue, the suture passing through the anchor eyelet is tied first,
which helps further secure the free strand. Non-sliding knots must be

used for both pairs of sutures.
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Figure 2.211. A: An anchor with a suture eyelet. B: An atraumatic
needle delivering a free suture through the braids of the suture, which
remains in the anchor. C: A

completed pass of the free suture through the anchor suture. D: By
pulling on the short limb of the anchor suture, it acts as a shuttle to
deliver the free limb through the suture eyelet. E: Both suture limbs are

now through the anchor eyelet in a normal fashion.
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Figure 2.212. A: An anchor with a rigid suture eyelet. B: The suture
remaining through the eyelet creates an overhand throw and a separate
free suture is passed through the loop that is created. C: The anchor
suture is tied to the anchor head and backed up with two half hitches.
Both sutures are now secured to the anchor, but require non-sliding

knots to be employed once the sutures are passed through the tissue.
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2.26 Conclusions

Either the beach chair or lateral decubitus positions can be used to
position patients safely for shoulder arthroscopy. Adequate cerebral
blood flow must be maintained when the head and thorax are
significantly elevated. General anesthesia is routinely performed and
permits greater blood pressure management compared with an ISB.
Experienced anesthesiologists with a detailed knowledge of the
regional anatomy and an opportunity to perform blocks on a routine
basis to maintain their skills should perform ISBs. The use of ultrasound
guidance is recommended. Accurate portal placement can either greatly
facilitate or hinder the performance of any arthroscopic procedure. An
18-G spinal needle will aid in identifying the optimal entry site and path
for specific portals. The choice of camera and view orientation is largely
surgeon preference, particularly when working in the subacromial
space. Manipulating the position and displacement of the shoulder will
aid in optimizing the view and working space. A systematic routine for
handling sutures will prevent tangling, suture damage, and insecure

knots with poor loop security.
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2.3 Evolution of the Arthroscopic Bankart Repair:

“Controversies in Arthroscopic Shoulder Surgery: Arthroscopic
Versus Open Bankart Repair, Thermal Treatment of Capsular
Tissue, Acromioplasties—Are They Necessary?” Angelo R.
Arthroscopy: The Journal of Arthroscopic and Related Surgery,
Vol. 19, No 10(October, Suppl. 2), 2003:pp 224-228. Appendix 3

(Candidate is the sole author of this segment of the publication)

A significant debate has involved in the last several years regarding the
optimal surgical management of glenohumeral instability. The majority
of patients with traumatic anterior-inferior instability sustain a
capsulolabral detachment [82, 135] described by Perthes [136] and
Bankart.[81] The open Bankart repair described by Rowe [83] has
resulted in a high rate of shoulder stability, although the functional
outcome has sometimes been suboptimal, especially for higher-caliber
athletes. Although suture anchors have simplified the procedure when
compared with bone tunnels, [137] the technique has not otherwise
changed substantially. In an effort to decrease the morbidity and
improve the functional results, Caspari [138] and McIntyre [139]
reported on an arthroscopic capsular shift technique, which began a
period of intense interest and study in arthroscopic techniques to
stabilize the shoulder. As refinements have been made to the
arthroscopic methods, the number of proponents has grown. Current
arthroscopic techniques using suture anchors [87] mimic the open
Bankart repair and comparable results have been reported.[88, 140-
142] Rather than attempt to defend a particular position as to whether
an arthroscopic or an open approach to shoulder stabilization is best,
the focus here is placed on what we have learned regarding the

appropriate indications for each of these techniques.
2.31 Arthroscopic Bankart Advantages

A number of advantages have been identified for the arthroscopic

Bankart repair, including decreased morbidity. Based on visual analog
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scales, the pain is typically less than after an open procedure with a
decreased need for narcotic pain medications. The arthroscopic
approach requires less disruption of normal anatomy, specifically
violation of the subscapularis tendon. During revision of failed open
Bankart repairs, the subscapularis tendon, if previously divided and
repaired, is often quite thin and atrophic. In a small number of cases, a
complete failure of the subscapularis repair occurs. Typically, there is
less anterior scarring after an arthroscopic repair. It is also possible,
although unproven, that there could be a lower incidence of
degenerative joint disease of the shoulder after an arthroscopic repair
as a result of a greater preservation of normal range of motion.[143,

144]

A clear advantage for the arthroscopic technique is the ability to more
thoroughly diagnose the extent of associated pathology within the
entire glenohumeral joint, including loose bodies, partial articular
surface rotator cuff tears, SLAP tears, biceps tendinopathy, and
chondral defects. Provided that the joint remains stable, shoulder
function is often more normal after an arthroscopic repair. Throwing
athletes are more likely to return to the same or higher level of function
after an arthroscopic repair.[145] In addition, there is typically less
discomfort with overhead activities, including both work and sport
pursuits. If an open Bankart repair requires an overnight hospital stay,
then an arthroscopic procedure is likely to be less costly. Depending on
the experience and skill level of the arthroscopic surgeon, the total

operative time may be less than that for an open procedure.

2.32 Open Bankart Advantages

Open Bankart repairs have been successfully performed for many years
and have resulted in a fairly low recurrence rate.[83] Studies of open
Bankart repairs, however, often do not include the incidence of
subluxations and/or the presence of apprehension, but include only

frank dislocations in the reported “failure rate.” After an open
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dissection, it is possible that the subscapularis and capsular repair
could add a “buttress” of additional scar tissue that aids in the
prevention of recurrent anterior instability. This is particularly true if
the subscapularis and capsule have been separated during the exposure
and “laminate” together during the healing process. In addition, the
open Bankart repair is a technique familiar to most orthopedic
surgeons, requires relatively little special equipment, and results in a
reasonably reproducible recurrence rate. It also provides flexibility in
addressing large glenoid bone defects with either a coracoid transfer or

iliac crests bone graft.

2.33 Considerations in Selecting an Arthroscopic Versus Open
Repair

Careful patient selection is an essential component in obtaining an
optimal result after any shoulder stabilization procedure. There are a
number of key issues that must be considered in choosing whether to
perform an arthroscopic or open anterior Bankart repair. It is
important to identify the individual patient goals. For one patient with
non-dominant shoulder instability, a stable shoulder and modest loss of
range of motion would be a successful result. For an overhead athlete, a
stable shoulder with modest loss of range of motion in their dominant
arm would likely preclude a return to their former level of competition
and result in dissatisfaction with the outcome. Throwing athletes tend
to have a somewhat better chance at returning to effective participation
after an arthroscopic stabilization. On the other hand, the patient
routinely involved in contact and collision sports or very heavy lifting
and laboring activities could fare better with an open stabilization.
Although some authors do not consider contact activities a
contraindication to an arthroscopic stabilization,[146] the majority
tend to prefer an open stabilization for these patients. Given the
relatively high likelihood of recurrence, select high-demand athletes
can be considered for arthroscopic stabilization after a first-time

dislocation.[147, 148]
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The experience of the individual surgeon is also an important
consideration. We must each assess our own skill level and ability to
arthroscopically treat the entire gamut of glenohumeral pathology
contributing to a patient’s instability. Usually, experience is gained and
skill developed in a “stepwise” fashion. Routinely, different segments of
a procedure are mastered until the final surgical procedure is reliable
and will withstand careful testing at the completion of the repair. If the
arthroscopic procedure is not progressing in a technically sound
manner or the time spent becomes excessive, conversion to an open
stabilization is prudent. The patient’s history will also help in
determining the appropriate approach. For those patients less than 20
years old, there tends to be an increased rate of recurrent instability
with both open and arthroscopic approaches. An open stabilization in
this age group is preferred unless the Bankart lesion is traumatic, the
capsulolabral tissue robust, and pathologic tissue laxity is absent. The
number of instability episodes that the patient reports is likely to
loosely parallel the magnitude of the capsular strain and attenuation.
Unless the surgeon is confident that the capsular laxity can be
effectively addressed arthroscopically, an open procedure should be
considered. In general, the specific age and activity level of the patient
is somewhat less important than the specific tissue pathology observed,
i.e., robust capsular tissue with an intact labral ring versus a patulous or

pathologically lax capsule with labral obliteration.

On physical examination, indicators of tissue hyper-elasticity include
elbow hyperextension, excessive patellar laxity, and thumb hyper-
abduction as well as broadened scars from previous wounds. An open
capsular shift procedure is more likely to result in a successful outcome
for these individuals. The most accurate assessment of the magnitude of
glenohumeral laxity is often obtained during the examination under
anesthesia. Translation in the anterior-inferior and posterior directions
is determined with the “load and shift” test and inferior laxity

determined by the magnitude of the sulcus sign. If posterior laxity is
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determined to be greater than normal, i.e., the humeral head rides over
the posterior glenoid rim, then an arthroscopic posterior capsular
augmentation should be considered. If traction is applied to the
adducted arm while in 20° of external rotation and the sulcus sign
exceeds approximately 0.5 cm, rotator interval closure or plication

should be considered.

During the diagnostic portion of the arthroscopy, the character and
extent of soft tissue pathology must be carefully evaluated. A well-
defined Bankart lesion is likely to be present after a traumatic anterior
inferior dislocation. Alternatively, the capsulolabral tissue can also be
significantly scarred back to the glenoid rim and the defect not
apparent without careful probing. The only indication that an anterior
labral periosteal sleeve avulsion (ALPSA) lesion is present could be that
the capsulolabral tissue is attached more medial than normal along the
neck of the glenoid. The integrity of the mid-capsule and inferior
glenohumeral ligament should also be evaluated. If they appear
markedly stretched, attenuated, or incompetent, consideration should
be given for an open repair. Intra-capsular tearing must also be sought
and may coexist with a labral detachment. In this situation, simply
repairing the labrum directly to the glenoid rim will not restore
competency of the anterior capsulolabral tissues. A tear of the humeral
attachment of the glenohumeral ligaments (HAGL) must always be
ruled out during the diagnostic arthroscopy. Although arthroscopic
techniques have been described to address this lesion, an open repair is

more likely to be reliable.

Bone deficiencies have a significant impact on the selection of the
technique. Imaging studies routinely include an anterior-posterior,
West Point lateral, and Stryker notch view. If the lateral views suggest a
significant anterior glenoid defect, a CAT scan assists in operative
planning by quantifying the magnitude of the defect. During

arthroscopy, the integrity of the bony glenoid rim must be noted. A
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fracture that comprises less than approximately 20% is not a
contraindication to arthroscopic stabilization. In most instances, the
bony fragment should be retained and incorporated in the repair. A
significantly higher failure rate after an arthroscopic repair has been
reported by Burkhart and DeBeer[11] if >20% to 25% of the glenoid
rim is deficient (inverted pear configuration). A coracoid transfer or
iliac crest bone graft should be considered in an effort to recreate
relatively normal glenoid geometry. If a Hill-Sachs lesion comprises
>30% of the articular surface of the humeral head, or engages on the
anterior rim of the glenoid with the arm in a position of abduction and
external rotation, an open stabilization is recommended. Large humeral

head defects may necessitate consideration for an osteochondral graft.

2.34 Technique of an Arthroscopic Bankart Repair

Patient Orientation

Surgeon preference dictates whether to perform the procedure with the
patient in the lateral decubitus or beach-chair position. For the lateral
decubitus orientation, the involved forearm and hand should be
“suspended” distally and the upper arm laterally with accessory
support. Distal “traction” should be avoided because it could hinder re-
tensioning of the glenohumeral ligaments during repair. A standard
posterior arthroscopy viewing portal 1.5 cm inferior and 1 cm medial to
the posterolateral corner of the acromion is established with a
disposable cannula first (this portal will later be used for
instrumentation). While viewing the intra-articular space from this
portal, a spinal needle establishes the site for the anterosuperior portal.
The entry point lies 1 cm lateral and slightly anterior to the
anterolateral corner of the acromion. While viewing from posterior
with the arthroscope in the posterior cannula, a switching stick is
introduced through a stab incision and penetrates the capsule
immediately anterior to the supraspinatus. Again, while viewing from
the posterior portal, the mid-anterior portal site is located with a spinal

needle 1.5 cm lateral and 1.5 cm inferior to the coracoid tip. The portal
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enters immediately superior to the subscapularis tendon. This portal
should permit instruments to reach the most inferior aspect of the
glenoid without an excessively acute angle to the inferior glenoid. In
addition, an angle of approximately 45° to the transverse plane is
desired to provide proper approach to the glenoid rim. If this portal is
“too shallow,” the drill bit or anchor can skive across the glenoid
surface or enter the glenoid neck too medially. The anterosuperior
portal provides an excellent view of the anterior glenoid rim and the
most inferior aspect of the Bankart lesion. Some surgeons prefer the
view from a posterior portal while performing the repair. In that

instance, a 700 arthroscope is helpful to optimize the view.

2.35 Glenoid Preparation

Marginal articular cartilage debris is removed with a motorized shaver
introduced through the mid-anterior working portal. It is important
when working around the capsule or labrum with a motorized
instrument that the suction is turned off to avoid inadvertent capture
and damage to those tissues. A liberator-elevator or similar tool is then
used to release the capsulolabral tissue from its scarred position and
thus expose the lateral 1 cm of the glenoid neck. Mobilization is
generally inadequate until the subscapularis muscle fibers are seen. It is
important that the capsular tissue be released around to the 6-o’clock
position on the glenoid. If the release is inadequate, the tissues can be
tethered medially and inferiorly, preventing adequate superior and
lateral re-tensioning of the tissues. With the suction turned off, a
motorized shaver or hooded burr is used to lightly excoriate the glenoid

neck surface to prepare for optimal healing.

2.36 Anchor / Suture Delivery

Drill holes for the appropriate anchor are placed 2 to 3 mm onto the
glenoid surface at the 5:00, 3:30, and 2:00 positions. The anchor of
choice is delivered into the inferior hole and tested for security by

placing traction on the sutures. When the anchor is inserted, the eyelet
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should be oriented to permit the sutures to exit anteroinferior and
posterosuperior to allow the repair suture to remain collinear with the
eyelet and slide easily during knot tying. Using a loop grasper or
crochet hook, the anteroinferior suture is retrieved out the posterior
cannula. A cannulated suture hook or similar suture-passing device is
then introduced through the midanterior portal. A pass is made through
the capsule beginning 1 cm inferior and 1 cm lateral to the capsular rim.
The instrument is then brought up under the labrum adjacent to the
rim of the glenoid. Superior tension is applied to the instrument - if the
exiting tip of the suture delivery device is superior to the anchor drill
hole, the tissues will not be adequately re-tensioned and a lax inferior
pouch will result. The instrument should be removed and another pass
made through the capsule more inferiorly. A No. 0 or 1 polydioxanone
suture (PDS) or other suture shuttle is then delivered through the
tissues and retrieved out the posterior cannula. Outside the posterior
cannula, the PDS is tied near the end of the previously retrieved
anteroinferior suture with a simple overhand loop. The PDS shuttles the
permanent suture limb through the capsulolabral tissue from posterior
to anterior. As this newly passed limb of suture is tensioned, the rim of
tissue should be observed to ride up onto the glenoid rim and tighten
the inferior glenohumeral ligament. Verify that significant distal
traction on the humeral head is not present before knot tying. If tying a
sliding not, the limb that passes through the tissue must be the post to
deliver the knot away from the articular surface. As the knot is thrown,
delivered, and secured with alternating half hitches, the “pursed” tissue
creates a pseudolabrum. These steps are repeated for the second and
third anchors. Occasionally, four anchors are necessary and are evenly

spaced along the glenoid rim from 1:30 to 5:30.

2.37 Augmentation
In the majority of cases exhibiting a Bankart lesion, posterior capsular
augmentation is unnecessary. If, however, excessive posterior capsular

laxity was determined during the examination under anesthesia and the
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appearance at the diagnostic arthroscopy, it should be addressed with
either suture plication or thermal capsulorrhaphy. Suture plication is
simple, low risk, and affords the opportunity to be somewhat
quantitative in the amount of capsular tightening that is created.[149-
151] While viewing from the anterosuperior portal, a rasp or whisker
blade shaver is introduced through the posterior portal. The posterior
and inferior capsule is slightly excoriated for 2 cm adjacent to the
posterior glenoid labrum to stimulate healing. A cannulated suture
hook is then used to create a small pleat in the capsular tissue. The
suture hook tip enters the capsule 1 to 1.2 cm lateral to the intact labral
rim and exits approximately 5 or 6 mm lateral to the rim. The tip of the
instrument then enters and passes beneath the intact labrum so as to
create a small pleat of tissue. The PDS suture is delivered and using the
most lateral limb of the suture as a post, a sliding knot is securely tied
and backed up with half hitches. Two or 3 additional sutures can be
placed to complete the augmentation. Care must be exercised so that an

increasingly larger pleat of tissue is result.

An alternative is to perform a thermal capsulorrhaphy. The amount of
shrinkage and its effect on the mechanical properties of the capsule are
both time and temperature dependent. The thermal tip should slightly
indent the capsule and must be constantly moving. It is advisable to
create a “striped” or grid pattern with the wand.[152] It is advisable to
leave as much normal tissue as that which is thermally shrunk. The
magnitude of visible capsular shrinkage is quite variable and should not
be used as the sole end point for thermal treatment, otherwise

overheating of the tissues can occur.

A rotator interval closure may be considered depending on the
magnitude of the sulcus sign and the posterior inferior laxity
determined on examination. Two methods have been described. An
outside-in approach involves passing the sutures and tying them in the

subacromial bursa, which involves imbricating the coracohumeral
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ligament. To begin, a spinal needle is introduced through the
anterosuperior skin incision, transgresses the subacromial space, and
penetrates the superior glenohumeral ligament as it enters the joint. A
sharp-tipped suture retriever is then passed through the mid-anterior
cannula (which has been withdrawn outside the capsule), and passes
through the middle glenohumeral ligament to retrieve the PDS suture
limb within the joint. The limbs are retrieved and the knot tied in the
subacromial space. If this method is chosen, the arm should be placed in
external rotation during knot tying to avoid over-tightening the
shoulder. A second technique involves closing the middle to the
superior glenohumeral ligaments. A simple method to accomplish this
interval closure involves introducing a sharp-tipped suture
grasper/retriever through the mid-anterior portal while viewing from
the posterior portal. The instrument is used to grasp the PDS suture 3
cm from the end and deliver it through the middle glenohumeral
ligament from outside in. The limb is then retrieved out through the
anterosuperior cannula. The end of the remaining limb, which exits the
mid-anterior cannula, is then delivered from outside in through the
superior glenohumeral ligament and retrieved out the anterosuperior
cannula. Arthroscopic knots can then be delivered through the
anterosuperior portal to affect closure of the rotator interval.

Additional sutures can be placed as needed.

2.38 Test the Repair

It is important to verify that the repair is secure. While viewing
arthroscopically, the entire repair is carefully palpated. In addition, the
arm should be removed from any traction or suspension and tested in
the jeopardy position of abduction and external rotation. If the repair is
inadequate, further measures must be taken to address the residual

laxity.
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2.4 Arthroscopic Bankart Repair - Principles and Technique
“Arthroscopic Bankart Repair for Unidirectional Shoulder
Instability” Angelo R. Instr. Course Lect. 2009;58:305-313.
Appendix 4

(Candidate is the sole author of this publication)

Abstract

A successful arthroscopic Bankart repair for unidirectional shoulder
instability requires careful patient selection and, to the extent possible,
the restoration of normal anatomy. The patient’s goals and anticipated
demands are important considerations. A patient who participates in an
overhead sport requires not only a stable shoulder, but also a full range of
shoulder motion. An athlete who engages in a contact or collision sport,
however, may tolerate a mild loss of motion provided the shoulder is
stable. Compared to an open procedure, an arthroscopic repair provides
the opportunity to retain the most normal postoperative range of motion
and function. Other considerations include patient age, which often
relates to overall tissue laxity, and the number of previous instability
episodes, which correlates with the severity of pathology (in particular,
capsulolabral strain, glenoid chondromalacia and bony deficiency of the
glenoid or posterior humeral head). The magnitude of bone loss,
particularly for the anterior glenoid, may make an arthroscopic repair
inadvisable. Accurate portal placement, glenoid preparation, anchor
insertion, and suture passage are key components of the arthroscopic
technique, but the most important overall goal is the secure restoration of
capsulolabral tissue tension. Secondary posteroinferior laxity, partial
rotator cuff tears, labral disorders, and articular cartilage pathology may

also require treatment.

2.41 Considerations in Decision Making
2.411 Patient Goals
Shoulder instability recurs in 7% to 10% of patients after an open or

arthroscopic suture anchor repair.[153-156] The choice of surgical
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procedure to correct instability is determined in part by the patient’s
goals, including anticipated shoulder demands. Although an open
Bankart repair is a reliable method for eliminating clinical instability,
range of motion and overall function may be unacceptably
compromised in some patients who engage in high-demand
activities.[157] In particular, overhead athletes, including throwers, are
unable to tolerate significant restrictions in flexion or external rotation.
The patient’s range of motion usually returns more rapidly and
completely after an arthroscopic, compared with than an open
repair,[158] and the patient is more likely to be able to return to
competitive throwing. However, overhead athletes have a lower overall
rate of functional success (70%) than other athletes (90%) following an

arthroscopic repair.[159]

A comparison of 30 open and 30 arthroscopic Bankart repairs found
that muscle strength for forward elevation was markedly weaker after
open repair for as long as 3 months; the difference, however, was only
5% after 6 months.[158] Muscle strength for external and internal
rotation was significantly weaker 6 weeks after open repair but also
approached 5% after 6 months. In a biomechanical investigation of an
arthroscopic anterior repair, a traumatic dislocation was created in 12
cadaver specimens, and an arthroscopic suture anchor repair of the
Bankart lesion was performed. Glenohumeral translation and rotation

were found to approach normal pre-dislocation values.[160]

Arthroscopic Bankart repair remains controversial for athletes who
participate in contact and collision sports. Several recent studies have
concluded that there is no increased risk of recurrent instability for
these athletes after an arthroscopic procedure.[154, 159, 161] The
overall recurrence rate was 10% in 85 patients who had undergone an
anterior arthroscopic suture anchor repair.[159] Two patients had a
recurrence in a subset of 18 collision sport athletes (a similar 11%

recurrence rate). In a review of contact or collision sport athletes who
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were younger than 20 years,[161] two of 18 patients (11%) had a
recurrent dislocation at a minimum 2-year follow-up but did not
require further treatment. In another evaluation of suture anchor
repairs, the 9.5% recurrence rate for contact sport athletes (2 of 21
patients) was not significantly different from the 6% overall failure

rate.[154]

A review of 48 shoulders in 46 collision sport athletes reached a
different conclusion. Sixteen of the shoulders were arthroscopically
stabilized (4 using Suretacs and 16 using suture anchors) and 32
underwent open repair. Instability recurred in 25% of the arthroscopic
repairs (1 using Suretacs and 3 using suture anchors) compared to
12.5% of the open repairs. The authors concluded that open
stabilization is a more reliable method of repairing anterior shoulder

instability in contact athletes.[158]

2.412 Patient History

Patient age is believed to affect the probability of failure after an open
or arthroscopic anterior stabilization procedure. Patients in their teens
generally have greater tissue and collagen elasticity, which may
predispose them to a higher likelihood of repair failure. In addition,
younger patients are more likely to be attracted to high-risk activities,
including so-called “extreme” sports such as snowboard jumping and
aggressive mountain biking. Few studies have specifically evaluated
pediatric patients with shoulder instability. In a review of 32
arthroscopic Bankart repairs in patients age 11 to 18 years, 16
shoulders were repaired after unsuccessful nonsurgical treatment and
16 were repaired after the initial instability episode.[162] At an average
25-month follow-up, three re-dislocations had occurred in two patients
from the first group (18.5%), and two re-dislocations had occurred in
two patients (12.5%) from the second group. The small size of the
study, however, does not permit a conclusion as to the optimal

treatment of pediatric patients with shoulder instability. The choice of
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an open or arthroscopic procedure should be based on tissue quality
and capsulolabral integrity rather than solely the patient’s age. If
traumatic pathology is identified and the patient’s soft tissues are
reasonably robust, an arthroscopic suture anchor technique can

provide a reliable repair.

The number of previous instability episodes should also be considered
because capsular strain, labral tearing, and glenoid erosion tend to
increase with each occurrence of instability.[163] The severity of the
accrued pathology must be evaluated during the diagnostic arthroscopy

and helps determine whether an arthroscopic repair is suitable.

2.413 Physical Examination

The findings of the physical examination must support the clinical
impression of unidirectional shoulder instability. Once the dislocated
shoulder is reduced, any deformity usually disappears. There may be
diffuse tenderness over the anterior capsular tissues and, less
frequently, along the posterior glenohumeral joint line. The patient’s
range of motion is often restricted following an instability event
secondary to pain. In those with chronic instability, acquired anterior
capsular laxity can result in an increase in external rotation compared
to their normal shoulder. Excessive anterior translation typically
appears on the load-and-shift test unless involuntary muscular
guarding is present. The magnitude of laxity in the posterior and
inferior directions can help determine the need for accessory posterior
plication and closure of the rotator interval, respectively. Most patients
exhibit apprehension when the shoulder is placed in a position of
abduction and external rotation. The relocation test is positive if the
apprehension sign is minimized or eliminated when the examiner’s
hand is placed over the anterior aspect of the proximal humerus to
prevent anterior subluxation of the humeral head. With the arm in full
adduction and 30° of external rotation, a sulcus sign of more than 1 cm

suggests that significant multidirectional laxity is present. In patients
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with true multidirectional instability, however, clinical symptoms must
also be present in more than one direction. The findings of
hyperelasticity (the ability of the thumb to be passively placed against
the forearm, elbow hyperextension, and marked medial/lateral
translation of the patellas) suggest that the collagen tissue is pathologic,
which is a known risk factor for failure after arthroscopic

stabilization.[164]

2.414 Imaging

Routine radiographs should be obtained: the AP view may show a
fracture of the inferior glenoid rim; a West Point axillary lateral view is
more sensitive for anterior and inferior rim fracture fragments; the
Stryker notch view identifies the presence and size of a Hill-Sachs
defect of the posterior humeral head. A CT scan, especially with three-
dimensional reconstruction and humeral subtraction, is useful for
assessing the size of a glenoid rim deficiency or fracture fragment, and a

Hill-Sachs lesion of the humerus.

2.415 Diagnostic Arthroscopy

A thorough arthroscopic assessment of the instability pathology is
imperative. The extent and nature of an acute Bankart lesion are usually
apparent (Figure 2.41). The humeral head must often be displaced
posteriorly to detect the inferior extent of capsulolabral detachment
from the glenoid. The true capsular margin may be difficult to identify if
the labrum has been obliterated. An anterior labroligamentous
periosteal sleeve avulsion (ALPSA) may be difficult to detect in the
chronically unstable shoulder. The most reliable clue to its presence is
that the capsulolabral tissue appears to be attached too far medial along
the glenoid neck (3 to 4 mm medial to the rim). Chondral damage may

also have occurred in a shoulder with chronic instability (Figure 2.42).
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Figure 2.41 Probe entering an acute Bankart lesion (Right shoulder;

Scope view fromanterosuperior portal; anterior is left.

Figure 2.42 Chronic Bankart with chondral lesion of the humeral head
and loose bodies (Right shoulder; Scope view from posterior portal;

superior is left.

85



Loss of bone along the anteroinferior glenoid can either result from a
fracture or progressive erosion. Thin glenoid rim fracture fragments
often remain securely affixed to the capsule and can be detected only by
palpation of the tissues with a hook probe. These small wafer fragments
can be repaired or simply excised. Evidence suggests that rim fracture
fragments larger than 10% of the glenoid diameter should be
preserved. In a review of 42 shoulders with posttraumatic recurrent
anterior instability, CT was used to estimate the glenoid defect size,
which ranged from 11.4% to 38.6%.[165] The bony rim fragment was
incorporated during arthroscopic Bankart repair with 39 of the
shoulders rated good or excellent on the University of California Los
Angeles Shoulder Scale at an average 39-month follow-up. Two re-
injuries were reported. In another study, 21 patients with a bony
deficiency of the glenoid, including 11 with a traumatic rim fracture and
10 without an identifiable fragment but with attritional bone loss, had a
suture anchor arthroscopic Bankart repair.[166] At a mean 34-month
follow-up, 2 of the 21 patients had recurrent subluxation, and 1 had a
recurrent dislocation. None of the patients with repair of a rim fracture
fragment had an episode of postsurgical instability. In a separate study
of 65 patients (41 with acute instability and 24 with chronic instability)
who had undergone an arthroscopic suture anchor repair of a bony
Bankart lesion, two patients (one with acute and one with chronic
instability) experienced a re-dislocation at a minimum 4-year follow-
up.[167] The average Rowe score of the patients with acute instability
improved from 59 to 92 and the score of those with chronic instability
improved from 43 to 61. Glenoid rim erosion can increase with
recurrent episodes of instability. Arthroscopic Bankart repair has an
unacceptably high failure rate if there is significant anteroinferior
glenoid bone loss. In a retrospective review of 194 consecutive
arthroscopic Bankart repairs using suture anchors,[140] two groups of
patients were identified based on whether or not significant glenoid or
humeral bone loss was present. Glenoid loss was considered significant

if the normal pear-shaped configuration of the glenoid had changed to
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an “inverted pear” shape, in which bone loss resulted in the inferior one
half of the glenoid being narrower than the superior half. A 67% failure
rate following arthroscopic Bankart repair was found in patients with
an inverted pear glenoid or a significant Hill-Sachs lesion, compared
with 4% for patients without a significant bony defect. The size of
glenoid defects can be estimated using the central bare spot as a
reference. The normal radius of the glenoid (inferior two thirds) is the
distance from the central bare spot to the intact posterior glenoid rim.
The difference of the normal radius and the distance from the bare spot
to the remaining anteroinferior glenoid margin can be used to estimate
the percentage defect (for example, a defect of half the length of the

radius is approximately 25%).

Hill-Sachs lesions are common after shoulder instability, especially if
the episodes are recurrent (Figure 2.43). Most of these lesions are
relatively small and can be ignored without compromising the success
of the repair. However, a specific subgroup is associated with a higher
failure rate after arthroscopic stabilization.[168, 169] In the study cited
above regarding glenoid rim deficiency,[140] significant Hill-Sach’s
lesions were also defined. Three of 21 failures in that study were
deemed to have been caused by an “engaging” Hill-Sachs lesion wherein
the posterior humeral defect engaged on the anterior glenoid rim with
the arm in a functional position of abduction and external rotation. If
the bone loss is greater than 30% to 35% of the articulating surface of
the humeral head, an open osteoarticular allograft[168] or
arthroscopically-assisted transhumeral impaction grafting[169, 170]

may need to be considered.
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Figure 2.43 Hill-Sachs lesion (Right Shoulder; Scope view from

posterior portal; superior is left)

Translation of the humeral head can be difficult to quantify. However, a
qualitative estimation of anterior capsular laxity or strain is useful in
determining how much to plicate the capsule with each anchor suture.
In addition, the magnitude of posterior laxity helps determine whether
or not to augment the repair with several posterior “pinch-tuck”
capsular plication sutures. A traumatic mid-capsular rent or tear can
exist, even in the presence of a distinctly separate Bankart lesion. In a
prevalence study, 12 of 303 shoulders undergoing stabilization (4%)
had a mid-capsular tear in addition to a Bankart lesion.[167] Eleven of
the 12 tears were repaired arthroscopically, with the average Rowe
score of those patients improving from 30.4 to 90.4 at 31-month follow-
up. In a review of 21 patients with a mid-capsular tear, 7 tears were
isolated and 14 were accompanied by a Bankart lesion.[171] More than
90% of the patients had a good or excellent Rowe score after an open or
arthroscopic capsular repair along with a Bankart repair when
indicated. The average loss of external rotation was 8° for patients with
an isolated capsular closure and 16° for those who also had a Bankart

procedure.
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Humeral avulsion of the glenohumeral ligaments (HAGL) has been
recognized as a cause of recurrent shoulder instability. The lesion may
not be readily apparent and must be carefully sought during diagnostic
arthroscopy by examining the anterior and posterior capsular
insertions onto the humeral neck. These avulsions can be repaired
arthroscopically, although the procedure is technically
demanding.[172] Considerably less morbidity is generated with a
posterior arthroscopic repair than an open posterior approach. For an
anterior avulsion, however, a standard open deltopectoral approach
provides ready access to the anterior neck of the humerus with only
partial subscapularis detachment. Any associated lesion (superior or
posterior labral lesion, chondral injury, or partial-thickness rotator cuff

tear) should be identified and treated.

2.42 Technique for a Suture Anchor Arthroscopic Bankart Repair
A successful arthroscopic Bankart repair requires careful patient
selection, a thorough understanding of normal and pathologic anatomy,
skill in using arthroscopic tools and implants to approximate normal
anatomy, and discernment in guiding the postsurgical rehabilitation
program. The technique is not inordinately difficult, but mastery
requires study and practice. The necessary skills can be honed in dry
model and cadaver laboratories. Thorough planning and the ability to
mentally rehearse the procedure are invaluable preparations. The
operating room staff must be oriented to the sequence of steps and

instruments to minimize miscues and optimize efficiency.

2.421 Optimal Visualization

A clear arthroscopic view of the intra-articular structures is essential
and is improved by using mildly hypotensive anesthesia (approximately
100 mm Hg systolic pressure). Epinephrine can be introduced into the
inflow solution to help control bleeding (1 cc of 1/1000 epinephrine

per 3 L). Although the procedure can be satisfactorily performed using
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gravity inflow, a pump allows blood pressure spikes to be offset with a
temporary increase in inflow pressure. The pump pressure must be

carefully monitored to prevent excessive fluid extravasation.

2.422 Patient Positioning

The patient’s position must allow access to all areas of pathology. In the
lateral decubitus position, the pelvis and thorax are supported by a
vacuum pack (bean bag) with a 20° posterior tilt of the chest to
facilitate access and orient the glenoid approximately parallel to the
floor. A 5- to 10-1b weight attached to the arm sleeve permits
suspension rather than traction of the arm. Excessive traction may
compromise the ability to adequately retention the soft tissues in a
superior direction and can cause undue tension on the brachial plexus
during a prolonged procedure. A 5-10# accessory lateral traction pull
can be oriented perpendicular to the humerus to aid in separating the
humeral head from the glenoid and provide additional working space.
Alternatively, an assistant can manually displace the humeral head
posteriorly as the need arises. The standard beach chair position may
be preferred because of the normal, upright orientation of the shoulder
anatomy. However, the posterior aspect of the shoulder is relatively
difficult to access arthroscopically with the patient sitting. For a patient
in the beach chair position, a higher systolic blood pressure is necessary
to maintain adequate cerebral perfusion as the normal compensatory
mechanisms for cerebral blood flow may be compromised with the
patient in a sitting position under general anesthesia. Conversion to an
open procedure is simplest if the patient is in the beach chair
orientation but can also be accomplished relatively easily from the

lateral decubitus position.

2.423 Portals
Accurate portal placement facilitates identification and treatment of all

intra-articular pathology. Poorly placed portals create difficulty in
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preparing the tissues for repair, placing sutures and anchors, and tying
knots. The entry site for the posterior portal is 1.5 cm inferior and 1.0
cm medial to the posterolateral corner of the acromion. The cannula
and trocar are directed toward the coracoid tip anteriorly (Figure 2.44).
If drills and anchors may be required for the posterior glenoid, the
entry site should be adjusted 1.0 cm further lateral to provide an

acceptable approach to the narrow posterior rim of the anteverted

glenoid.

Figure 2.44 Standard arthroscopic portals; P = posterior, AS =
anterosuperior, MA = mid-anterior (Right Shoulder; Superior view;

Anterior is left, posterior is right)

The mid-anterior portal provides access to the anterior glenoid for
instruments. The entry site is located 1.5 cm lateral and 1.5 cm inferior
to the coracoid tip. A spinal needle should be used to verify accurate
placement; it is initially directed slightly superior, over the superior
border of the subscapularis. When the arm is relatively adducted, the
subscapularis is relatively lax and can be depressed inferiorly by the
incoming needle or cannula and permit ready access to the
anteroinferior glenoid. This portal should provide a 30° to 45° approach

to the glenoid rim in the transverse plane, which is essential for safe
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drilling and anchor insertion. An 8.5-mm clear threaded cannula is

optimal for this critical working portal.

An anterosuperior portal can be used as a working portal while viewing
from the posterior portal. Alternatively, the anterosuperior portal can
serve as the primary viewing portal, in which case, only the
arthroscopic sheath need be inserted. The optimal entry site is 1.0 cm
lateral and slightly anterior to the anterolateral corner of the acromion.
The proper path is established using a spinal needle that enters
immediately anterior to the supraspinatus tendon and through the

rotator interval, either anterior or posterior to the biceps tendon.

2.424 Glenoid Preparation

A full-radius synovial resector is used to debride the articular glenoid
margins, removing ragged or unstable articular cartilage (Figure 2.45).
To prevent inadvertent damage to the sometimes-fragile adjacent
capsulolabral tissue, suction on the shaver should be turned off. The
repair must restore normal capsulolabral tissue tension to prevent
future glenohumeral instability. Adequate re-tensioning requires
mobilization of the capsulolabral tissue, which may have scarred
medially along the glenoid neck. A liberator elevator is introduced
through the mid-anterior portal and used to free the scarred capsular
tissue from bone. When the release is complete, the subscapularis
muscle tissue should be visible medial and anterior to the capsule
(Figure 2.46). Adequate mobilization allows the capsule to be advanced
both superiorly and laterally onto the glenoid rim. An aggressive shaver
or a 4.0-mm burr run in reverse lightly excoriates the anterior neck of

the glenoid to provide a bed for tissue healing.
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Figure 2.45 Shaver debridement of chondral and labral damage (Right

shoulder; Scope view from anterosuperior portal; anterior is left.

Figure 2.46 White arrow points to exposed subscapularis muscle deep

to capsule (Right shoulder; Scope view from anterosuperior portal)
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A thin rim fracture fragment (1 to 2 mm wide) can be repaired or
excised. If the fragment is removed with a burr, the reverse setting
should be used to protect the underlying periosteum and thus enhance
the integrity of the repair. Reduction and repair should be performed
for a fragment larger than 10% of the glenoid diameter. The fragment
can be encircled with anchor sutures, or alternatively, sutures can be
passed through the fragment by predrilling with a small Kirschner wire.
[t is often necessary to introduce the Kirschner wire from the posterior
portal to safely approach the separate anterior bone segment. Great
care must be exercised to avoid inadvertent wire penetration into the
soft tissues anterior to the capsule. Over reducing the rim fragment and

creating articular incongruity should be avoided.

2.425 Anchor Placement

Anchor holes should be drilled 2 to 3 mm onto the articular surface of
the glenoid (Figures 2.47 and 2.48). The anterior wall of the completed
drill hole must have sufficient integrity to prevent the strong repair
sutures from cutting out anteriorly and medially during the healing
period, which will render the repair ineffective. The drill bit should
approach the glenoid at approximately 45° in the transverse plane. If
the approach angle is too shallow, there is a risk that the bit will skive
onto the articular cartilage or that the anchor hole will be located too
medial along the glenoid neck. Anchors are evenly spaced between the
5-o’clock and 2-o’clock positions on the glenoid. After an anchor is
implanted, its security should be tested by firmly pulling on the suture
strands. Higher rates of repair failure have been reported when fewer
than three or four anchors are used.[164] Whether made of metal or
absorbable material, loose or prominent anchors may cause significant
articular cartilage damage. Nonmetallic, non-resorbable anchors made
of poly-ether-ether-ketone (PEEK) material have been introduced to
avoid the cavitary bone cysts sometimes associated with resorbable

anchors.
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Figure 2.47 Long arrow points to orientation of glenoid drill hole in the
transverse plane; short arrow points to intact bone anterior to drill hole

(Axillary view; Anterior is to the right)
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Figure 2.48 Suture anchor located 2 - 3 mm onto face of glenoid with
intact anterior bone margin (Right shoulder; Scope view from

anterosuperior portal; anterior is left)

Reports on the use of knotless anchors are conflicting. In one study,
experienced users documented excellent results at a minimum 2-year
follow-up; knotless anchors failed in only 5 of 72 patients (6.9%), all of
whom were younger than 22 years.[173] After a similar follow-up
period, another retrospective review reported failure of 5 of 21
knotless anchor repairs (23.8%), compared with 3 of 61 repairs using

anchors and knot-tying (4.9%).[174]

2.426 Capsulolabral Re-tensioning

A review of 24 patients who underwent revision surgery after an
unsuccessful open anterior repair found a persistent or recurrent
Bankart lesion in 16, with capsular redundancy in 4.[175] Thus,
restoration of normal anatomy including capsular tension during the
repair is essential, to the extent possible. We prefer to view from the
anterosuperior portal. A serrated drill guide provides a more secure

purchase for the guide on the glenoid face than a fish mouth style tip.
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After drilling a hole in the appropriate orientation, an anchor is inserted
through the mid-anterior portal and the sutures are retrieved out the
posterior cannula. A clamp is used to identify the limb that exits the
anchor inferiorly so that when this suture is shuttled back through the
tissue, a 180° twist of the suture at the anchor eyelet is avoided.
Glenohumeral reduction should be maintained during suture
placement, and arm traction prevented from causing inferior
subluxation of the humeral head. If the capsulolabral tissue is markedly
displaced inferiorly, it may be necessary to pass a suture through the
capsule and apply superior traction to appropriately tension the

capsule while introducing the repair sutures (Figure 2.49).

Figure 2.49 Monofilament traction suture re-tensioning capsule
superiorly (Right shoulder; Scope view from anterosuperior portal;

anterior is left)

The goal is to introduce the inferior limb of the anchor suture
approximately 1.0 cm inferior and 1.0 cm lateral to the anchor exit
point from the glenoid rim. This placement will permit superior
advancement as well as mediolateral plication of the capsule when the

suture is tied. A curved, cannulated suture hook is passed down the
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mid-anterior portal, through the capsule, and then up beneath any
remnant of the labrum. Once the hook has been placed through the
tissue, it is brought superiorly with moderate tension to check for
proper placement. If the hook can be displaced superior to the anchor
site, the capsular tissues will not be appropriately tensioned when the
suture is tied, and the hook must be replaced further inferior. When the
hook is correctly placed, a monofilament shuttle suture is delivered and
retrieved out the posterior cannula using a loop grasper (Figure 2.410).
Using a simple overhand throw, this posterior limb of monofilament
suture is tied around the tail of the inferior anchor suture limb
(previously identified with a clamp), which is then shuttled from
posterior to anterior through the capsule (Figure 2.411). This limb,
which passes through the tissue, becomes the post for a sliding knot
that is delivered laterally away from the glenoid as it is secured. Sliding
knots are backed up with three or four half hitches. These steps are

repeated for each anchor and suture pair (Figure 2.412).

Figure 2.410 Monofilament shuttle suture passed through capsule
inferior and lateral to anchor site on glenoid (Right shoulder; Scope

view from anterosuperior portal)
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Figure 2.411 Monofilament suture shuttles inferior limb of anchor
suture through capsulolabral tissue (Right shoulder; Scope view from

anterosuperior portal)

Figure 2.412 Final appearance of Bankart repair with secure
reattachment of capsulolabral tissue to glenoid rim (Right shoulder;

Scope view from anterosuperior portal)
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2.427 Test Repair

The repair should be palpated with a nerve hook to ensure that the
sutures are tight, the capsulolabral tissue securely fixed to the glenoid
rim, and appropriate capsular tension has been restored. The arm is
then removed from suspension and shoulder stability and acceptable
range-of-motion confirmed. Absorbable subcutaneous sutures and

adhesive strips complete the portal closures.

2.428 Summary

For an appropriately selected patient, an arthroscopic Bankart repair
can effectively restore capsulolabral tension and functional shoulder
stability while optimizing postsurgical range of motion. The patient’s
anticipated demands and the surgeon’s familiarity and experience with
arthroscopic techniques may affect the choice of an open vs.
arthroscopic stabilization procedure. Although youth is not an absolute
contraindication to an arthroscopic anterior repair, if significant tissue
laxity is present in a pediatric patient, the shoulder should be stabilized
using an open approach. If many instability episodes have led to
marked capsular attenuation, an open repair is also advisable.
Significant bone loss usually requires a bone graft to restore glenoid
integrity. A CT scan is particularly valuable in assessing the extent of
anterior glenoid bone loss and magnitude of posterolateral humeral
head impression defects. An arthroscopic Bankart repair requires
adequate mobilization of the capsulolabral tissue, careful glenoid
preparation, secure anchor placement, and accurate suture delivery.
These steps, when properly performed and followed by appropriate
rehabilitation, will lead to a high rate of success for an arthroscopic

shoulder stabilization.
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3. “Metric Development for an Arthroscopic Bankart Procedure:
Assessment of Face and Content Validity” Angelo R L, Ryu RK
N, Pedowitz R A, Gallagher A G. Metric. Arthroscopy
2015;31:1430-1440 Appendix 5

(Candidate is the first and primary author)

Purpose: To establish the metrics (operational definitions) necessary
to characterize a reference arthroscopic Bankart procedure and to seek
consensus from experienced shoulder arthroscopists on the
appropriateness of the steps, and errors identified.

Methods: Three experienced arthroscopic shoulder surgeons and an
experimental psychologist, (the Metrics Group), deconstructed an
arthroscopic Bankart procedure. 14 full-length videos were analyzed to
identify the essential steps and potential errors. ‘Sentinel’ (more
serious) errors were defined as either 1) potentially jeopardizing the
procedure outcome, or 2) creating iatrogenic damage to the shoulder.
The metrics (operational definitions) were stress tested for clarity and
the ability to be scored in binary fashion during a video review as either
occurring or not occurring. The metrics were subjected to analysis by a
panel of 27 experienced arthroscopic shoulder surgeons to obtain face
and content validity using a modified Delphi Panel methodology
(consensus opinion of experienced surgeons rendered by cyclical
deliberations).

Results: 45 steps and 13 phases characterizing an arthroscopic Bankart
procedure were identified. 77 potential procedural errors were
specified, 20 designated as “sentinel errors”. The modified Delphi Panel
deliberation created changes: 2 metrics were deleted, 1 was added, and
5 were modified. Consensus on the resulting Bankart metrics was
obtained and face and content validity verified.

Conclusions: This study rejects the null hypothesis and confirms that a
core group of experienced arthroscopic surgeons are able to perform a
task deconstruction of an arthroscopic Bankart repair and create

unambiguous step and error definitions (metrics), which accurately
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characterize the essential components of the procedure. Analysis and
revision by a larger panel of experienced arthroscopists were able to
validate the Bankart metrics.

Clinical Relevance: The ability to perform task deconstruction and
validate the resulting metrics will play a key role in improving surgical

skills training and assessing trainee progression toward proficiency.

*see table 3.1 (glossary) for face validity, content validity, metrics, steps,

errors, sentinel errors, operational definitions, Delphi Panel (modified)

3.1 Introduction

The intent of any surgical training program, both for residents and
established surgeons acquiring a new procedural skill, is to enable the
trainee to acquire the requisite skill sets necessary to perform the
designated surgery well and safely. To accomplish that mission, a
clearly defined endpoint or set of skill proficiencies must be identified.
Further, it must be verified that mastery of those skill sets can
accurately be measured during the trainee’s progress. It must also be
confirmed that the acquisition of those skills is predictive of the ability
to perform an effective surgical procedure. Many experienced surgeons
who are proficient (table 3.1 - glossary) in the performance of a specific
procedure and are able to perform it well, are also able to identify and
agree on the essential steps (table 3.1) to be completed as well as the
errors (table 3.1) to be avoided for that procedure. One challenge,
however, in identifying those key features is that surgeons rarely think
about the procedures they perform in that level of detail. Surgeons who
are proficient in the performance of a specific surgery will exhibit many
if not all of the important performance characteristics (table 3.1) that
contribute to actually performing the procedure well. They may,
however, have automated to many of these steps and how they are
performed and, as a consequence, may be less cognizant of the details

and more granular elements of the techniques they use[176-178].
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The units of performance that constitute skill can be elucidated with a
task analysis (table 3.1) or breakdown and detailed description of the
steps or actions necessary to perform the procedure. In attempting to
characterize specific skills, psychologists have subjected them to a
detailed task analysis and then operationally defined (table 3.1), rather
than simply described the resulting steps. A definition specifies the
order, duration, and result of the specific action, and provides precise
parameters such that it can be unambiguously determined whether that
specific event did or did not occur. A description (table 3.1), on the other
hand, only offers a general characterization of an event or behavior in
qualitative terms. Definitions are the preferred foundations of
measurement science. The definitions or ‘metrics’ (table 3.1) for a
specific procedure provide a quantitative standard of measurement,
which can be used to objectively assess performance. These metrics
must then be validated with respect to whether their characterization
fits with what is known about the skill being analyzed. The task-
analysis derived characterizations or ‘metric units’ (table 3.1) of skilled
performance do not have to capture every aspect of performance, but
should at least allow for ordinal differentiation between different levels
of performance as described by Dreyfus and Dreyfus[179]. The metrics
created from this analysis can serve as a tool to evaluate the
effectiveness of different training protocols for a particular surgical

procedure.

‘Face validity’ (table 3.1) is verified by the opinion of an experienced
panel that review the content of an assessment or tool to determine if it
is appropriate and relevant to the concept it purports to measure.
‘Content validity’ (table 3.1) of a testing instrument is similarly obtained
and based on the opinion of an experienced panel that performs a
detailed examination of the contents of the test items. Thus, the face
and content validity of tools assessing procedural skill are not verified

by statistical analysis, but rather, by the summary opinion of an
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experienced panel of surgeons. An additional question that relates to
establishing the validity of the metric definitions for a particular
procedure asks, “Do more skilled individuals perform better on the
defined metrics than less skilled or experienced individuals and do the
specific metrics identify the quality, ability or trait they were designed
to measure (‘construct validity’ - table 3.1)”? In contrast to face and
content validity, the establishment of construct validity requires

sufficient data and statistical analysis to prove that it exists.

Task analysis for a particular surgery should be done initially for a
‘reference procedure’ (table 3.1) [180-182] - one that is straightforward
with a generally accepted or agreed upon method that is uncomplicated
under ideal circumstances. An optimal approach to learning should
ensure that trainees are capable of performing a routine procedure
before they have to deal with the technique variations necessary to

address more complex pathology.

We sought to study the effectiveness of proficiency-based progression
(PBP) (table 3.1) training plus simulation for the acquisition of surgical
skills. The proficiency based progression methodology dictates that the
learner must demonstrate the ability to meet specific performance
benchmarks before they are permitted to progress in training. That
investigation required the development and validation of specific tools
to conduct the analysis. The first component needed was a metric tool
(table 3.1), which could objectively and accurately characterize an
arthroscopic Bankart repair. The development of that tool is the focus
of this study. Future investigations will report on the establishment

and validation of additional tools.

The purpose of this study was to establish the metrics (operational
definitions) necessary to characterize a reference arthroscopic Bankart
procedure and to seek consensus from experienced shoulder

arthroscopists on the appropriateness of the steps, and errors
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identified. The null hypothesis states that face and content validity for
the step and error metrics derived from a task deconstruction of an

arthroscopic Bankart procedure would not be demonstrated.

3.2 Methods
3.21 Arthroscopic Bankart metric development

Three experienced arthroscopic shoulder surgeons, each with over 25
years in clinical practice, and an experimental psychologist formed the
Metrics Group who characterized an arthroscopic Bankart repair. A
detailed task analysis and deconstruction process (described in detail
elsewhere)[180] was employed to identify the units of performance
that are integral to the skilled performance of the instability repair. The
goal was to characterize a “reference” arthroscopic Bankart repair and
not one attempting to manage unusual or complex instability pathology.
Procedure performance characterization (task deconstruction) was
guided by a) decades of practice and teaching experience by the Metrics
Group, b) published studies of an arthroscopic Bankart repair [183-
185] and c) manufacturer guidelines on device usage. Two, 2 %2 day
face-to-face meetings and eight 1 %2 - 2 hour on-line conferences were
conducted along with countless email exchanges to craft the procedural
metrics. For the online sessions, the use of Skype (www.skype.com)
videoconferencing enabled the investigators (who reside in different
geographic locations) to simultaneously review arthroscopic videos in
real-time with acceptable resolution. One investigator initiated a
standard Skype video connection for a group call using a laptop
computer. A second computer (desktop) with a high-resolution screen
was used to play the arthroscopic video being studied. An independent
USB camera (Ipevo; Sunnyvale, Ca.) was connected to the USB port of
the laptop and to which the Skype video input was directed instead of
the resident camera on the laptop screen (“settings” tab in Skype).
Thus, all of the members on the group Skype call viewed the

arthroscopic video rather than the call initiator’s image.
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14 video recordings of a complete in vivo Bankart procedure,
performed by surgeons with varying levels of experience (table 3.2),
were reviewed by the Metrics Group in detail to assist in the creation
and stress testing of the metrics. The videos represented surgeons with
practice experience ranging from 3 - 33 years. Both the lateral
decubitus (N=10) and beach chair (N=4) orientations for the patients
were represented. All metrics were constructed to be applicable and
able to be scored for surgeries performed with patients in both the
lateral decubitus and beach chair orientations. During the series of
video reviews, each metric unit was identified and the definition refined
so that it could be unambiguously scored as either occurring or not
occurring with a high degree of reliability by an independent group of
raters. Each step was further defined by identifying beginning and end
points during the procedure for that metric. The aim was that these
detailed metric units would accurately capture the essence of
procedure performance as well as serve as a sound and comprehensive
training guide for those learning the procedure. The metrics included
the specific operative steps, general order in which they should be
accomplished, and the instruments and the manner in which they
should be used. ‘Procedural phases’ (table 3.1) were specified for
groups of related steps. In addition to specifying each procedural step,
metrics were also created to identify potential errors (table 3.1) or
actions that deviate from optimal performance and should not be
done.[186] The intent again, was to create unambiguous operational
definitions (rather than descriptions) for each metric error. A special
designation was made for more serious or ‘sentinel’ errors defined by
events that, by themselves could either, 1) jeopardize the outcome of
the procedure, or 2) lead to significant iatrogenic damage to the
shoulder joint. An additional error characterization was termed,
‘damage to non-target tissue’ (DNTT). This occurrence defined an
event, which was injurious to tissues not intentionally being addressed
during the defined task, i.e. ‘scuffing of articular cartilage by an

instrument’, or ‘lacerating the intact labrum’.
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By agreed upon convention, an event (step or error) must be observed
on the video to be scored. Thus, inference that an event was “likely to
have occurred” was eliminated. For example, if comparable views of
the anterior humeral head showed relatively healthy or pristine
articular cartilage early in the procedure, with scuffing and abrasion
later during the repair, but the injurious event was not observed on the

video, it was not scored as an error (or damage to non-target tissue).

3.22 Metric stress testing and reliability of identification

After the 4 members of the Metrics Group were satisfied that the
entirety of the procedure had been well characterized, they ‘stress
tested’ (table 3.1) the metrics by subjecting them to a robust
assessment of how reliably they could be independently scored in
blinded fashion. Eight video recordings of complete arthroscopic
Bankart procedures that were performed by surgeons possessing a
wide range of technical skill were independently reviewed and scored.
Both the lateral decubitus and beach chair orientations were
represented by the videos studied. Each metric was scored in binary
fashion as either a “yes” or “no” (occurring or not occurring). After each
video review, differences in the scoring of each metric by the reviewers
were compared and discussed. Where necessary, operational
definitions were clarified, modified, or dropped and new ones added to
optimize the functionality of the characterizations as a whole. This
process of independent viewing, scoring, and revising the step and
error metrics was continued until the Metrics Group was satisfied that
the metrics accurately and unambiguously characterized the specifics of
an arthroscopic Bankart procedure and could be ‘reliably identified’
(table 3.1) by independent reviewers. The extent of agreement
between two raters for the entire group of step and error Bankart
metrics could potentially range between 0 = no agreement, to 1.0 =

complete agreement.
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3.23 Face and Content Validation of the Bankart Metrics by a
modified Delphi Panel

The “Delphi Panel method”[187] (table 3.1) is a process that provides an
interactive communication structure between researchers (i.e., the
Metric Group authors) and an experienced panel (see below) in a field
or discipline in order to provide systematic feedback on a given topic
(i.e., the accuracy of the metrics developed for a reference approach to a
Bankart procedure). The Delphi method employs an ‘iterative’ process’
(table 1) for progressing toward a desired result by means of repeated
cycles of deliberations. The iterative process should be convergent, i.e.,
it should come closer to the desired result as the number of iterations
or cycles of review increases. For the Bankart characterization, the
desired result (consensus on the appropriateness of a particular
metric) was obtained by means of repeated cycles of questioning,
deliberation, metric modification, and voting on the appropriateness of
each refined metric definition. The methodology assumes that good
quality knowledge evolves from the process. The Delphi method was
modified to the extent that the voting cycles, with each new iteration,

were not anonymous.

The determination of face and content validity for the Bankart
characterization was made by subjecting each metric to an appraisal by
a group of surgeons who were very experienced in the performance of
an arthroscopic Bankart repair. 27 board certified orthopedic surgeons
(the three Metrics Group surgeons and 24 additional Arthroscopy
Association of North America [AANA] shoulder faculty instructors) with
an average of over 23 years in clinical practice involving shoulder
arthroscopy participated in a modified Delphi Panel. Four of the
panelists are full-time academicians, 9 are in private group practice and
have direct involvement in teaching fellows, and 14 are in private
practice with a clinical affiliation with a University Orthopedic

Department. Each member of the “Delphi Panel” is a Master or
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Associate Master faculty member for AANA and has taught the
technique for an arthroscopic Bankart repair during shoulder courses
conducted at the Orthopedic Learning Center (Rosemont, I1.). An

experimental psychologist (AGG) facilitated the meeting.

3.24 Delphi Panel Procedure

An overview of the project and meeting objectives was presented.
Background information regarding proficiency based progression
training, prior literature demonstrating the validity of that training
approach for procedural specialties, and the specific objectives of the
current Delphi Panel[187] were reviewed. It was explained to the panel
that the Bankart metrics had been developed by the Metrics Group for a
reference approach to arthroscopic anterior shoulder stabilization for
unidirectional anterior glenohumeral instability[180, 181]. It was
acknowledged that the designated reference procedure might not
reflect the exact techniques employed by individual panelists, but that
the operative steps which were presented, accurately embodied the
essential and key components of the procedure. An affirmative vote by
a panel member indicated that the metric definition presented was
accurate and acceptable as written, but not necessarily that it was the
manner in which that particular panelist might have chosen to complete
the step. “Consensus” meant that there was unanimity in voting among
the panelists, and that a particular metric definition was “not wrong or
inappropriate”. Each of the procedural steps and potential errors were
evaluated individually. After each metric definition was presented,
panel members voted on whether or not the metric was acceptable as
written. If the panel could not achieve consensus due to lack of clarity
or differences in opinion, the metric definition was revised accordingly
and a new vote conducted on the acceptability of the modified metric.
This process was repeated until the metric was accepted. If consensus

could not be achieved through a series of modifications, the metric was
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deleted. When it was deemed necessary, a new metric was defined and

added.

3.3 Results
3.31 Bankart Procedure Metrics

The step metrics resulting from the task deconstruction were grouped
into 13 separate phases of the procedure (in Roman numerals). Each
phase (i.e. “Arthroscopic Instability Assessment”, “Inferior Anchor
Preparation / Insertion”) contains a series of related, unambiguously
defined, observable procedure events (steps) with specific beginning
and ending points. All potential errors identified had been noted to
occur during the stress testing of the metrics. Some of the identical
errors and sentinel errors could occur during different phases of the

procedure that recurred during the 3 anchor repair, i.e. “uncorrected

entanglement of shuttling device or suture”.

3.32 Modified Delphi Panel

All phases of the procedure were accepted as identified. Only a
minority of procedure phases and their associated metrics were
accepted without discussion. At the conclusion of the deliberations,
consensus amongst the Delphi Panel was reached for 45 steps, 77
errors (29 unique) and 20 sentinel errors (8 unique) (tables 3.3 and
3.4). During the panel deliberations, 2 metrics were deleted, 1 added,
and 5 modified before consensus was achieved (Table 3.5). The
comments and recommendations for each of the phases, steps, and
errors, with the associated Delphi Panel vote, are presented in Table

3.6.

3.4 Discussion

The principle findings of this study are; 1) an arthroscopic Bankart

procedure can be deconstructed into the essential steps necessary for
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the effective completion of the repair, 2) the potential errors related to
the procedure are able to be identified and characterized, and 3) face
and content validity for the resulting step and error metrics can be

obtained through employment of the modified Delphi Panel technique.

Traditionally, surgeons have been trained using the ‘apprenticeship’
model, which is “process”, or time based (i.e.- a certain variety of
rotations, exposure to numbers of specific cases, etc.). A paradigm shift
toward ‘proficiency-based progression’ training, which is “outcomes”
based is occurring and mandates that the trainee be able to
demonstrate the ability to meet specific skills benchmarks in order to
progress in training. Those benchmarks must have specific, clear,
objective, and fair standards of performance. Validated metrics will be
essential in defining those standards. In addition, as the move toward
including surgical skills credentialing and procedural competency
occurs for licensing, the same validated standards will be needed. The
methodology employed in this study provides a framework for the

development of those metrics and standards.

An arthroscopic Bankart (index procedure) was selected as the
reference surgical procedure to study for several reasons. For the
patient with unidirectional anterior instability due primarily to a
Bankart lesion without significant bone loss, a suture anchor repair
employing 3 implants is a commonly accepted method employed to
obtain a successful patient outcome.[188-191] In addition, the essential
components of the procedure are well outlined regardless of whether
the patient is placed in the lateral decubitus or beach chair orientation.

[89, 155, 192-194]

The task analysis stage of metric development is crucial as metrics are
the fundamental building blocks of a good training program. Metrics,
thus, not only define how the training should be characterized and the

procedure performed by the trainee, but must also afford the
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opportunity for meaningful assessment of the trainee’s performance
and progress. The entire process of metric development should be as
transparent, objective, and unambiguous as possible. Metric definitions
should be characterized in such a way that they are sufficiently
complete and detailed for an individual, not associated with the initial
development process, to use them to score performance reliably. Metric
definitions should include behavioral markers that indicate the
beginning and endpoints of the performance characteristics (steps) to
be assessed. These parameters will become particularly important in
the future as the procedural metrics are employed with higher fidelity
simulators. The details of the metric definitions will be necessary for
the simulator to be appropriately programmed to provide the trainee
with performance assessments and accurate feedback.

Other approaches to the measurement of surgical performance use
qualitative descriptions of performance and require the user to rate
items on a graduated ‘Likert-type scale’ (table 3.1), which ascribes a
quantitative value to qualitative data to make it amenable to statistical
analysis. Likert scales (often with a range from 1-5, or 1-7) are typically
constructed with responses (opinion) around a neutral option (i.e.
“suture delivery was: 1=awkward ...3=effective...5=highly efficient”)
and were originally designed to assess a range of attitudes. Because of
the component of subjectivity, this method of attempting to rate
objective performance can render it difficult to obtain acceptable levels
of inter-rater reliability [>80%] in the scoring of events. In contrast, the
approach to the assessment of performance used in this study employs
precise definitions of performance and simply requires the reviewer to
report whether the specific event occurred or not. This binary
approach to the measurement of individual events has been shown to
facilitate the reliable scoring of metric-based performance units across
a variety of functions during skills training[195-198] of individuals with
different experience levels.[199, 200] This approach has also been

shown to be more reliable than Likert-scale scoring.[63]
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Behaviors that deviate from optimal performance (errors) can be
characterized including those of a “more serious nature”. The issue of
whether those more serious errors should be termed a ‘critical error’ or
some alternative label was raised at the outset during the metric
definition process. It was agreed upon by the Metrics Group that use of
the term ‘critical error’ could imply that the event was ‘life-threatening’
or might infer serious medico-legal implications. It was elected instead,
to use the term ‘sentinel’ (table 3.1) to connote an error that should be
carefully ‘watched for and to avoid’. Sentinel errors involve a serious
deviation from optimal performance during a procedure because they
can either jeopardize the success / desired result of the procedure, or
create iatrogenic insult to patient’s tissues. A single specific sentinel
error may not always lead to a bad outcome but should stringently be
avoided.[180] The underlying philosophy of this approach to errors is
that suboptimal outcomes do not happen by accident but usually result
from the coalescence of deviations from optimal procedure

performance.

The face and content validity of the metric-based procedure
characterization by subject specialists and can be accomplished using
the modified Delphi Panel methodology reported in this study. The
metrics developed were informed by research studies, professional
guidelines, clinical experience, and manufacturers’ guidelines.[180,
181] Although the surgeons in the Metrics Group are very experienced
in the performance of a Bankart procedure, the Delphi process provided
an excellent method to ensure that the procedure characterization is
appropriate, represents best practice, and is acceptable to a larger
group of experienced master and associate master Bankart faculty. As
anticipated, many surgeons pointed out that they might perform a
specific step in a different manner, but that the approach outlined by
the Metrics Group was ‘not incorrect’ or inadvisable. For the majority of
the procedure metrics, the members of the panel made very helpful

suggestions for improving the definitions.
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Assuming that the Bankart metric identifications and definitions
represent a ‘real-world’ surgical procedure, these performance
characteristics should be able to distinguish between experienced
(skilled) surgeons and novices, i.e., provide construct validity. Future
studies regarding construct validity will seek to provide information
about which metrics best distinguish between experienced and novice
surgeon performance. That information will facilitate the establishment
of a benchmark to define the ‘proficiency level’, which trainees should

acquire before progressing to in vivo practice.[79, 201]

3.41 Limitations

A limitation of this study resides in the fact that every potential error,
regardless of how rare the occurrence, might not have been included.
The Delphi Panel, however confirmed that the errors listed were those
most likely to occur and that should be avoided in the safe performance
of an arthroscopic Bankart repair. Although common errors may be
relatively easy to agree on, it is somewhat more challenging to decide
on which errors should be designated as “sentinel”, without a specific
weighting methodology. While the issue of employing that designation
for events that cause iatrogenic damage is more straightforward, the
concept of also using the term for events which might ‘potentially lead
to a suboptimal outcome’, is more subject to the opinion of the Metrics

Group and the Delphi Panel.

Further, data is not available to confirm that the specific steps identified
by the Metrics Group and the Delphi Panel directly correlate with a
successful surgical outcome for patients with unidirectional shoulder
instability. Therefore, the metrics created remain predominantly based
on the opinion of experienced surgeons and instructors. An outcomes
study will be needed to fully establish the predictive validity for the

Bankart metrics as authored. In addition, the Metrics Group and Delphi
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Panel were all North American surgeons. International arthroscopists
may have created somewhat different metrics for an arthroscopic

Bankart repair.

3.5 Conclusions

This study rejects the null hypothesis and confirms that a core group of
experienced arthroscopic surgeons are able to perform a task
deconstruction of an arthroscopic Bankart repair and create
unambiguous step and error definitions (metrics), which accurately
characterize the essential components of the procedure. Analysis and
revision by a larger panel of experienced arthroscopists were able to

validate the Bankart metrics.
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Table 3.1 - Glossary

Definition

Behavioral sdentist
Concurrent validity
Construct validity
Content validity
Definiion

Delphi Panel (modibed)

Descripion

Emor

Face validity
Tterative process
Likert-like scale
Metric

Metric stress testing

Metric unit
Operational definition

Perdormance characteristics
Prediciive validity
Procedure phase
Proficiency/proficient
Reference procedure
Relisbility of idengficaion

(inter-rater reliability)
Sentinel error

Step
Task analysis

Task dewnstruction

A professional who engages in any discipline concerned specifically with the subject of human actions and
behavior

A type of evidence in which there is a positive relation between the test scores fram one instrument and
the scores from another instrument purporting to measure the ssme comstruct

A type of evidence that supports that specific test itlems identify the quality, ability, or trait they were
deqned © measure

An (by exper ienced of the validity of a testing i baxsed on a detailed
examination of the contents of the test ilems

A definite, distinct, and clear objective ch 2 ti iding an and reliable identification of
whaheran event was or was not olserved to have occuned

A hnique originally developed a a fi

method that relies on the opinion of an experienced panel; in the modified form, the meml!ls of the
panel answerqumafvmz in 2 or more rounds (cycles) on the appropristeness of the metric-based
iti of detailed aspects of p dure performance with the goal of achieving

emsaxsu:—vmm i not anonymous

A qualitative characierization of centain or salient aspects or features of an event

A deviation from optimal perf

An estimate by an experienced punel that reviews the content of an assessment or tool to see if it seens
appropriate and relevant to the concept it purpons to measure

A process for cakulsting or progressing toward a desired result by means of repeated cycles of operations
(deliberations); an iterative pmcas should be convergent, that & it should come closer to the desired
result as the ber of i

A method of ascribinga value ki

A dard of of itative
comparsorns or © track performance

A method for determining how specific metric definitions fare during their application and use in scoring
in vivo or video-reconded performances

A method of measurement in which the basic pants or components are discree performance elements

Terms uzd © define a variable or eventin terms of a proess (or set of validation tests) needed to
d ns & q ity arx! durati

The i ining the lshment of a given task measured against preset known standards of
accuracy and completeness

A type of evidence that determines the extent to which the scores on a st are predictive of actual

datato make them ble to statistical analyss
wsed for objective evaluations © make

pedormance

A gmupm xnao{ integrally related events or actions that when wmbined with other phases, make up
plete operative p s

Aq:eaﬁclevddpa—lonmoedeﬁnedbya itative score (benchmark) or scores on a standardized

test or other form of assesment

A igh rd op ive | 4 an agreed pted approach to the perd of an

L " ieal &

The extent of agreement between 2 raters on the ocairence of a series of observed events; it ranges
b 0, no agr and 1.0, ph

An event or occurrence invalving a seriows devistion from optimal perfs during a p dure that
either (1) jeopardizes the /desired result of the procedure or (2) creates atrogenicinsult to a
patient’s tissues

A component task, the series gugﬂe of whch the pletion of a specific p h
An of howa g 4 4, induding a detailed (f 1) description of the
mamnlacumsoruduahns wuh lhznr freq y, and plexity and any other unique

and distinguishing Bctors
To break down a procedure into corstituent tasks, steps, or components
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Table 3.2

Source videos for Bankart metric creation and stress testing.

Surgeon - Patient
Orientation
Years in
Practice

1 25 LD

2 17 LD

3 25 LD

4 26 LD

5 25 LD

6 17 BC

7 18 BC

8 26 LD

9 28 LD
LD

10 21

11 24 LD

12 25 LD

13 3 BC

4
14 BC
LD = lateral
decub.

BC = beach chair
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Table 3.3. The 13 phases of the Bankart procedure (in Roman

numerals) and a brief summary of the 45 steps of the procedure. (©

AANA, 2013)

1. Partaks
1. Pastersar poraal establiched
2. View posierior humeral head and exwent of the Hll-Sachs when present

3. Imroduce mid-anterior spinal needle dlately o the subscap and direct 1t toward the amteratnferior glenodd and Lhbrum

4. Establsh a camula M&mﬁethrdadmemqﬂkmnwtelmmmmm
5. Demanstrate instrument access to the anteratnfersar glenad labrum

6. Inzoduce anerosuperior spinal neatlea the superalateral aspect of the ratator nserval and direct 1t toward the anerior glenosd

hiich an sheath, or swatching sack

7. ) )
1L Arth 3

Vlewhmpmenmpornl
8. View or probe the supersor bbral atachment onwo the glenatd
9. View ar probe articular surface of the rontar cuff
10. Probe anteratnferior glenosd /Bankart pathalogy nduding rm fracmre, antscular defect
View from anterasuperior partal
11. View ar probe the midsub of the “rdferiar glench 1 b,
12. View ar probe the of the glenohu ] Ngas onwo the anterior humeral nedc
11. Capsulolbral mobt Mzation/glenosd preparason
13. Hevare the apsulolabral tissue from the glenatd neck and arscular margin
14. View the subscapulars musde superficial to the mobilzed apsule
15. With an grasp and perform an mferiar 1 superiar shift of the apsulolabral tissue (10 show tension & reswored)
16. Obmin a view of the anterior glenodd neck
17. Mechanically abrade the glenasd neck
1V. Infersor anchar preparaton/inserson
18. Seat the guide for the mast inferiar anchar hale at the inferior region of the anteratnferior quadrant
19. Drillanchar hole ablique to the glenatd antsular face
20. lsert anchor
21. Test anchor security by pulling on suture tafls
V. Swture delivery /management
22. Pass a cannulated sumure hook or suture retriever through the apsular tissue inferior to the anchar
23. Pass anchar sumre ¥mb through the apsular tissue and deliver out the anterior @annula
VL. Knot tying
24. Deliver an arthroscopic sliding kmot
25. Back up with 3 ar 4 half-hitches
26. Cut sumre nik
VI1. Second anchor preparation /insertion
27. Seat the drill gude for the second anchar superior to the first anchor and inferior 1 the equatar of the glenosd
28. Drillanchar hole cblique to the glenatd artiular face
29. Insert suture anchor
30. Test anchor security by pulling on sutwre tafls
VIIL Sutwre delivery/management
31. Pass a canmulated sumre hook or suture retriever through the apsular tissue inferior to the sumre anchar
32. Pass anchor sumure dmb through the apsular tissue and deliver out the anterior annula
1X. Knot tying
33. Deliver an anthroscopic sliding knot
34. Back up with 3 ar 4 half-hitches
35. Cut sumre nik
X. Third anchar preparason/ inserson
36. Seat the drill ;uide for the third anchar at or superiaor 1 the equatar
37. Drillanchar hole ablique to the glenodd artscular face
38. Insert sutwre anchor
39. Test anchor security by pulling on sutwre tafls
XI. Suture deltvery/management

40. Pass a canmuilated sumre hook or suture through the apsular at ar inferior to the sumre anchar
41. Pass anchar sumre ¥mb through the @apsular tissue and deltiver out the anterior @annula
XI1. Knat tying

42. Deliver an anthroscopic sliding knot
43. Back up with 3 ar 4 half-hitches
44. Cut sumre nik
XIIL Procedure review
45. View and/or probe final complesed repatr
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Table 3.4. A summary of the 29 different Bankart procedure metric

errors. Metric errors can be associated with multiple phases and steps

of the procedure. (© AANA, 2013)

1. Faflure to mamtan mira-arscular posison of the pastersor camnula
2. Faflure to maimntan mtra-arscular posison of the mid-ansersor annuh

3. Faflure to maintan imtra-arscular g

of the

4. Damage to the superior barder of iu.- subsapulars dunng creagon of the midanterior poral
5. Damage to the anerior barder of the supraspmaus during creaton of the anerosuperior poral

6. Loss of mtra-arscular p of arth sheath ar

up © a total of §hrmhmu'q|e + 2pnmk)

7. Laceratson of ntact capsulolabral sssue (sentnel error)

8. Faflure to mamtan conrol of 2 waorlking instrument (sensnel error)
9. Guide & nat Jocated in the inferior region of the anteratnferior quadrant of the glenad for the mast inferior anchor
. mnyd:hcmmk:dmmelhuwmd:nkmncnfon 3 mm from the bony glenodd nm (sentinel error)

g and def

error)

. Faflure 1 maintan mumm\gnf 1)! dnll gude dumxgmdmrlmcmnn
. Breakage of the implant

. Implant remains vishly proud (senginel error)
. Faflure 1 insert the anchar with the inserter Liser line (when present) to ar beyond the Liser line an the drill guide
. Anchor fafls to remain securely fixed within bone at the appropriate depth
. Capsular penetragson & at or superiaor 10 anchar hole (seminel errar)

. Capsular penetrason & nat at or peripheral to the @psulolabral juncion

. Instrument breakage

. Tearing of capsulalral tissue

. Off Joading of surure anchar
- Breakage of suturing device

. Faflure 10 creasr and mamuain ndentason of the capsule or Lbral tissue on knot completson (sentinel error)
. Visble voud &5 present between throws of the completed primary knat (semtinel errar)
. Completed knaot abuts artscular carslage
- Visible void & present benween throws of the complesed half-hiches
. Sumre breakage
- Guide &5 mnfersor 1 the equanr of the glenodd for the third anchor pasttion

10
1
12
13
14
15
16
17
18
19
20
21. Uncarrecied entanglement of shunling device or sunre
2
23
24
25
26
7
28
2

g cammula (Joss of each partal & scared only ance for each Roman numeral 1.2,

NOTE. Metric errors can be associated with multiple phases and sieps of the procedure.

Table 3.5 - Delphi Panel metric changes

Modificason ksue Deliberagson Resalution
Delewd (2) Should fatture of anchar purchase Cadaveric bane variability 10 great o Delete errar
Temain an error? scare acour aely
Alrmating posss for knat tying Arthrosmpe views nat aonsis ent Delete errar

enough to scare relably

Added (1) Completed knat pasttion May @use Qtrogenic damage if it abuts  Add emrar 1 each of the 3 knots sed
arscular ardage

Modfied (5) Does “looking” equal “ascernming”? View must be held long enough 10

Magnostc seps—probe or view (how
Jang?)
Adequacy of apsular mobilzagon

Whether 10 ascribe “criscal” to
“Lceragon of Lbrum”

Consider deleting the term “shding”
from knot desapson

Should dugnastic seps be included
the procedure memic?

Should &
mobility

Labral variability 00 great in cadavers;
can still see violation of “hoop”
miegmy

Shdng knot would be acceptable for a
reference procedure

May skew results f there & excessive
mfluence of dagnosac sepsm
procedure

effort at L

deermine pathalogy

Must take Insgument (grasper) to
demanstrae

Rewin as a sentinel error

Remin the ®erm “shding”

Indude only sieps directly related ©
s bty assessment
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Table 3.6 -A summary of the points raised / voting outcomes of the
Bankart Delphi Panel. Minutes of Metric Validation Meeting:
“Copernicus Study / Delphi Panel” (Nov. 18, 2011)

Rick Angelo, MD, Meeting Chair (Recorded by Robert Pedowitz, MD,
PhD)

Attendees: R. Angelo, R. Ryu, R. Pedowitz, ]. Tokish, R. Bell, R. Hunter, K.
Nord, V. Goradia, A. Barber, S. Snyder, B. Beach, J. Abrams, B. Shaffer, J.
Tauro, L. Higgins, S. Weber, S. Koo, D. Richards, ]. Esch, ]. Dodds, .
Randle, ]. Richmond, A. Curtis, J. Burns, N. Sgaglione, ]. Kelly, S. Powell

(27 voting attendees), T. Gallagher (meeting facilitator)

Meeting Overview

A) Dr. Angelo presented a brief overview of the project and meeting
objectives.

B) Dr. Gallagher presented the background of proficiency based
training, some prior literature demonstrating the validity of this
training approach for procedural specialties, and he explained the
specific objectives of the current “Delphi” meeting.

C) Dr. Angelo presented each procedural step and explained the
associated metrics that have been developed by the Project Leadership
Team for a reference approach to anterior shoulder stabilization for
glenohumeral instability (version 18,11/16/11, attached). The
comments and recommendations for each of the steps, with associated

vote, are presented in the Table, below.
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C and d ding F dural Steps and Memc

Vote on Seps and Menks

1. Partaks (seps 1.7)
Agreement that this is an ouside-in refer
Surgeans use an nside.ow approach
Impartance of pre-surgery semp, though assessment of this phase would be very dfficult using
arthroscopic videopes
1L Diagnastic arthrosopy (steps 8-12)
Clartfied metric “view or probe,” not “view and probe”
Discussion about whether we should include memc for view ar probe of poserior brum,
superior labrum, bieps, and rontar cuff
daxson: Lim#t dag X for the curent p dural and d
of a dugs rth py reference p dure (vox 1 drop dagnassc elemens
fafled—beause ane componee of the mewks &5 waching, ] comy of they S
11. Capsulolbral mobidzatson (steps 13-15)
Should a laceragion of the Lbrum be defined as a “crincal errar*?
Should the pre.exising sssue quality of the brum be assessed so that laceration of poor tissue
does not qualify as a aiscal errar?
Consider ady of metric
mierior glenohu ] hga
1V. Glenodd neck preparation (seps 16-17)
V. Inserson of first anchar (steps 18.21)
Fathre of anchar from bone should not
be considered a attical error beause ks of fixason could be relaed to bone quality
V1. Suture managememt—first anchor (steps 22.23)
Should we indude ] of broken g device
50 not a useful memic?
The defintson for adequacy of apsulolabral tisie apmure seems adequate
VIL. Knat tymg—first anchor (steps 24-26)
Consider deleting the term “shding” from the knot desapson
Add error of a knot complesed and left on the antscular surface
Need 1 drop “alernating posts” mewic
VIIL lsertion of second anchor (steps 27-30)
Fatlure of anchor from bane should not be considered a aftial errar becawse los of fixation could
be relased o bone quality
1X. Suture management—second anchar (steps 31-32)
X. Knat tymg—second anchor (sieps 33.35)
Consider deleting the term “shiding” from the knot desaipson
Add error of a knat completed and left on the anicular surface
Prohably need to drop “altermating posts” metric
X1. Insertion of third anchar (steps 36-39)
Faflue of anchar from bone should not be aomsidered a cotial arar beause o of fixason could be
relased to bone quality
XI1. Suture management—third anchor (steps 40-41)
XIIL Knot tying—third anchor (steps 42.44)
Consider deleting the term “shding” from the knot desapson
Add error of a knot complesed and left on the anscular surface
Need 1 drop “alernating posts” mewic
XIV. Final assessment (step 45)

approach for poral hough some

structure of the

0 desadbe grasping of the

lly thoughe this would be quate rare,

Unanimous affirmative
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4. “The Bankart Performance Metrics Combined With a Shoulder
Model Simulator Create a Precise and Accurate Training Tool
for Measuring Surgeon SKkill” Angelo R L, Pedowitz R A, Ryu R K
N, Gallagher A G. Arthroscopy 2015;32:1639-1654. Appendix 6

(Candidate is the first and primary author)

Abstract

Purpose: To determine if a dry shoulder model simulator coupled with
previously validated performance metrics for an arthroscopic Bankart
repair (ABR) is a valid tool with the ability to discriminate between the
performance of experienced and novice surgeons; To establish a

proficiency benchmark for an ABR using a model simulator.

Methods: We compare an experienced group (N = 12) of arthroscopic
shoulder surgeons (Arthroscopy Association of North America Faculty)
to a novice group (N = 7) (postgraduate year 4 or 5 orthopedic
residents). All surgeons were instructed to perform a diagnostic
arthroscopy and a 3-suture anchor Bankart repair on a dry shoulder
model. Each procedure was videotaped in its entirety and scored in
blinded fashion independently by 2 trained reviewers (N = 10
reviewers). Scoring employed previously validated metrics for an ABR

and included steps, errors, and ‘sentinel’ (more serious) errors.

Results: The inter-rater reliability among pairs of raters averaged 0.93.
The experienced group made 63% fewer errors, committed 79% fewer
sentinel errors, and performed the procedure in 42% less time than the
novice group (all significant differences). The greatest difference in
errors between the groups involved anchor preparation and insertion,

suture delivery and management, and knot tying.

Conclusions: The tool comprised of validated arthroscopic Bankart
repair metrics coupled with a dry shoulder model simulator is able to
accurately distinguish between the performance of experienced and

novice orthopedic surgeons. A performance benchmark based on the
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experienced group includes: completion of a 3 anchor Bankart repair,
and enacting no more than 4 total errors and 1 sentinel error.

Clinical Relevance: The combination of performance metrics and an
arthroscopic shoulder model simulator can be used to improve the
effectiveness of surgical skills training for an ABR. The methodology
employed may serve as a template for outcomes based procedural skills

training in general.

4.1 Introduction

Some authors from professional bodies and health care training
organizations around the world argue that the surgical trainee should
acquire basic procedural skills outside of the surgical theater before
operating on real patients.[202-204] Furthermore, evidence now
clearly indicates that when performed to a quantitatively defined level,
skills practiced and acquired outside the operating room are superior
to skills acquired in a traditional apprenticeship manner primarily in
the operating room.[205, 206] Satava first introduced the concept of
simulation-based training in the early 1990s[26] with quantitative
evidence from prospective, randomized, double blinded clinical studies
showing that simulation-based training is a powerful tool for the
acquisition of surgical skills.[22, 198, 207, 208] The "simulator” can
either be a physical model or computer-generated video images,[22,
198] as both are equally effective if used as part of a metric-based

training curriculum[180] (table 3.1 - glossary).

An implicit assumption in a simulator-based training process is the use
of validated metrics, which appropriately characterize the procedure to
be trained. Previously, Angelo et al.[65] reported on the development of
a tool defining performance metrics (steps and errors - table 4.1) for a
standard reference approach (table 3.1) to performing an arthroscopic
Bankart repair.[185, 190, 191, 193, 209] That tool was derived from a

careful task deconstruction (table 3.1) using videos of complete Bankart
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procedures performed with patients in either the lateral decubitus or
beach chair orientation. The metrics were constructed so that they
could be scored in an identical manner with the patient in either
orientation. Face and content validity (table 3.1) of the metrics were

verified using a modified Delphi Panel methodology (table 3.1).

The purpose of this study was to determine if a dry shoulder model
simulator coupled with previously validated performance metrics for
an arthroscopic Bankart repair is a valid tool with the ability to
discriminate between the performance of experienced and novice
surgeons. We also sought to establish a proficiency (table 3.1)
benchmark for that procedure using the model simulator. The null
hypothesis states that when using a shoulder model simulator, the
Bankart metrics would fail to discriminate between experienced and

novice surgeon performance.

4.2 Methods

No IRB was obtained for this study investigating the validity of the
Bankart metrics coupled with the model simulator. An IRB was sought
for the final Copernicus Study proper, which will compare 3 different
training protocols. The Western Institutional Review Board (WIRB)
(#1-776362-1) opined that, as an educational curriculum study, it was
“Exempt” from the need for full IRB approval (criteria: 45 CFR
46.101(b)(1)). The final study comparing the 3 training protocols was
registered with the NIH (ClinicalTrials.gov: #NCT01921621).

4.21 Study Groups

Two groups were compared in their performance of an arthroscopic
Bankart procedure on a shoulder model simulator. The experienced
group consisted of all faculty members who served as Master and

Associate Master instructors for a standard 3 day Arthroscopy
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Association of North America (AANA) Resident Course conducted at the
Orthopedic Learning Center (Chicago, Il.). The novice group was limited
to PGY 4 and PGY 5 orthopedic residents who had registered for a
Resident’s Course and who volunteered to participate in the

investigation.

4.22 Arthroscopic Bankart Repair Metrics

Metrics have been previously defined for a standard reference
arthroscopic Bankart repair.[65] Forty five essential steps in 13 phases
(Table 3.1) (Roman numerals) were defined with beginning and end
points (Table 3.3). 29 potential unique errors were specified (Table
3.4), 8 of which were designated as “sentinel” (table 3.1). The more
serious sentinel errors were defined as those expected to either; 1)
substantially compromise the outcome of the shoulder stabilization (i.e.
- ‘capsular penetration of the suture passing instrument is superior to
the anchor hole’, resulting in failure to retention the capsule and
inferior glenohumeral ligaments), or 2) potentially lead to iatrogenic
damage to the shoulder (i.e. ‘laceration of the intact labrum’). Some of
the same errors could be enacted more than once during different
phases of the procedure. Thus, a total of 77 potential errors, 20 of which
were sentinel errors, were specified for the complete procedure. In
addition, events that led to less consequential “damage to non-target
tissues” (DNTT) (table 3.1) were recorded as a standard error (i.e.
scuffing of the articular cartilage). A perfect score would indicate that
all 45 steps were completed satisfactorily without committing any

errors.

4.23 Dry Shoulder Model Simulator

The shoulder simulator employed is a physical model comprised of a
dense foam plastic endoskeleton including a humerus, scapula, glenoid,
coracoid, acromial spine and acromion with proportions appropriate to
the human skeleton (Sawbones, Vashon Is, Washington) (Figure 3.1).

The articulating surfaces of the humerus and glenoid are laminated
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with a softer, white layer designed to mimic articular cartilage. A Hill-
Sachs lesion measuring 1 cm by 3.5 cm is oriented vertically on the
posterior aspect of the humeral head and is represented by a red
impaction trough. A rim of off-white, rubber-like material encircles and
lightly adheres to the glenoid neck, simulating the labrum. Red staining
in the region where the labrum is joined to the anteroinferior glenoid
represented the Bankart lesion. The adhesive attachment of the labrum
requires the operator to intentionally “liberate” the labrum from the
glenoid to demonstrate mobilization of the capsulolabral tissues. A
more medial and superficial pink layer of soft foam represents the
subscapularis muscle. A tubular strand of rubber simulates the long
head biceps tendon and courses from its anatomic attachment to the
superior labrum, out of the shoulder joint into the bicipital groove of
the humerus. The capsule is replicated by a pliable, rubberized material
containing the glenohumeral joint and has a molded imprint of the
inferior glenohumeral ligaments on the articular surface. A separate
band represents the superior boarder of the subscapularis tendon.
Holes measuring 8 mm in diameter were created in the capsule during
molding and enable cannulas for the posterior, mid-anterior, and
anterosuperior portals to pass through the relatively tough capsular
material. Beige-colored, soft, moderately dense foam represents the
skin and soft tissues exterior to the glenohumeral joint and possesses a
contour and bulk that mimics the shape of the human shoulder. The
acromion, acromial spine, and coracoid landmarks are readily palpable
through the “soft tissues” and assist in locating proper portal

placement.
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Figure 1A-D

Figure 4.1 A - D. The dry shoulder simulator model used in the current
study (left shoulder):

A - Anterior view of the shoulder simulator oriented in the beach chair
position

B - An operator and assistant performing arthroscopic surgery on the
simulator model oriented in the lateral decubitus position

C - Arthroscopic view from an anterosuperior portal; anterior is right
(HH = humeral head, G = glenoid, A1,2 = anchor position 1 and 2, L =
labrum, B = Bankart lesion, SH = suture hook) Shows the inferior-most
anchor and sutures in place and completed. The second anchor has
been inserted and the sutures retrieved out the posterior cannula. A
cannulated suture hook enters through the mid-anterior portal and has
been passed through the capsule and labrum inferior to the exit of the
suture anchor hole; a monofilament shuttle suture is then delivered.

D - (HH = humeral head, G = glenoid, R2,3 = repair position 2 and 3, C =
capsule) demonstrates a hook probe examining the completed repair

(with the 3rd anchor just out of view beneath the hook probe); the
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capsule has been re-tensioned and the labrum secured to the glenoid

rim.

4.24 Arthroscopic Bankart Repair

During a single weekend AANA resident arthroscopy course, the
surgeons from both groups were instructed to establish portals
(posterior, anterosuperior, and mid-anterior), complete a thorough
diagnostic arthroscopy, and perform a 3 anchor arthroscopic Bankart
repair on the simulator model. Further, they were instructed to
demonstrate / complete all of the steps for the Bankart repair that they
would normally perform in clinical practice on a real patient. The
model was secured in either the lateral decubitus or beach chair
orientation according to surgeon preference. Equipment
representatives from multiple different vendors served as surgical
assistants and were randomly assigned to participant surgeons. The
assistants were instructed to act only at the specific direction of the
operating surgeon. Prompting and coaching (of technique) were
prohibited (the procedures were proctored by staff from the
Orthopedic Learning Center). A standard equipment tower with a 300
arthroscope was provided along with all instruments necessary to

complete an arthroscopic Bankart repair (table 4.1).

The surgeon created the required portals based on the palpable “bony”
landmarks of the shoulder and then progressed to complete the
diagnostic arthroscopy and Bankart repair. A continuous video
recording was made beginning with the first arthroscopic view of the
joint from the posterior portal and ending with the withdrawal of the
arthroscope after the surgeon’s examination of the completed repair
with a hook probe. No time limit was imposed on the performance of

the procedure on the simulator model.
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4.25 Video Reviewer Training

Once the construction of the metrics for an arthroscopic Bankart repair
was completed and face and content validity verified[65], a final
version of a score sheet was formatted. 10 AANA Master / Associate
Master faculty surgeons (none belonging to the experienced group from
this study) formed the panel of reviewers designated to score the
videos. This group included the 3 members who developed the
arthroscopic Bankart metric definitions (table 3.1) in conjunction with a
consultant experimental. The ten reviewers were assigned by the
AANA research coordinator to one of five fixed pairs, which remained
constant throughout the scoring of all videos. Assignments were made
based on similar time zones of their residence / practice. Reviewer
training was initiated with an 8-hour in-person meeting during which
time each metric was studied in detail. Multiple video examples of live
patient cases were shown to illustrate each particular metric. Videos of
the patients in both the lateral decubitus and beach chair orientations
were represented. Discussion helped to clarify how each step and error
was to be scored, including the nuances and conventions to be used.
Several weeks later, full-length practice videos # 1 and #2 (one each in
the lateral decubitus and beach chair orientation) were sent to and
independently scored by each of the 10 reviewers, and the scores then
tabulated. In two subsequent 2-hour group phone conferences, the
differences and discrepancies amongst all reviewers were compared
and discussed seeking conformity in scoring. Each of the designated
pair of reviewers also conducted one to three additional phone
conferences to analyze the specific instances, in which the two of them
scored particular events differently. Subsequently, all reviewers scored
practice videos #3 and #4 and the results were tabulated (each patient
orientation again represented). The scores for each of the 5 designated
pairs of reviewers were compared for the second set of practice videos.
In only 1 of 10 comparisons (2 videos X 5 reviewer pairs) did the inter-
rater reliability (table 3.1) calculation (see below) fall below an

acceptable level of 0.8[210] at 0.76.
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4.26 Video Scoring

The AANA research coordinator randomly assigned the 19 full-length
study videos of experienced and novice surgeons performing an
arthroscopic Bankart procedure on the shoulder simulator model to a
single pair of reviewers. Other than the research coordinator and the
study consultant, all reviewers remained blinded to the source of all
videos. Each of the 19 videos were independently reviewed and scored
by the two members of an assigned pair of reviewers. All scores were
tabulated for each of 13 phases of the procedure (Appendix 4.1 A and
B). Each step and error metric was scored as either a “yes” or “no”,
designating whether the specific event was or was not observed to
occur by the reviewer. In addition to scoring steps and errors, each
event characterized as “damage to non-target tissue” (DNTT) was
scored. There was no limit to the number of individual instances DNTT
could be scored with each occurrence simply tallied as a single error
event. The score sheet also contained a box for specific reviewer
comments for each metric. The 2 individual scores from a pair of
reviewers were averaged to obtain the overall score for each step,
error, or DNTT event. In addition, the score agreement or disagreement
between the specific pair of reviewers was tabulated for each individual
event (step, errors, and DNTT events) and used to calculate inter-rater

reliability correlations (see below in Statistical Methods).

The total time in minutes was documented for each video beginning
with the first view of the arthroscope from the posterior portal to
withdrawal of the arthroscope after examination of the completed

repair.

4.27 Performance Benchmark

Prior research has used the metric based mean performance of a group
of experienced or expert operators to objectively define
“proficiency”.[22, 79, 198, 201, 208] Prior to initiating this study, the

four primary investigators specified that any subject from the
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experienced group who was performing > 2 standard deviations better
or worse than the group as a whole would be deemed an ‘outlier’ and
not representative of the experienced group. Any such performance by
a participant of this group would have their scores removed from the
analysis so as not to skew the establishment of the reference

benchmark.

4.28 Statistical Methods

For each of the 13 separate phases of the procedure, the # of
‘uncompleted steps’ (steps which were not performed) and ‘errors
made’ were tabulated and the scores for the 2 reviewers averaged
(appendix 4.1A and B). These data were used to determine which of the
procedural phases demonstrated the greatest differences in
performance when comparing the experienced and novice surgeons
(one factor -ANOVA analysis; IBM SPSS statistical software program).
Further, for the entire procedure, the total number of steps ‘completed’,
errors made, and sentinel errors enacted were also averaged and

tabulated for the pair of reviewers.

The two raw score sheets were compared for each of the individual
steps (N = 45) and the number of ‘agreements’ tabulated (either both
reviewers documented that a step was performed, or both scored the
step as not being completed). In addition, the number of
‘disagreements’ in scoring steps was tabulated (one of the reviewers
indicated that the step had and other scored that the step had not been
completed). The inter-rater reliability for the steps was calculated

according to the following formula:

# Agreements

# Agreements + # Disagreements
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In a similar manner, there was either agreement or disagreement in the
2 scores for each of the potential errors (N = 77). The IRR for error
scoring was calculated in the same manner as that for the steps. Finally,
the IRR for scoring the metrics for the complete procedure was
calculated using both the step and error agreements / disagreements

for the entire procedure (N = 122). Acceptable IRR is = or > 0.80.[210]

4.3 Results

4.31 Participants

The entire group of 12 Master or Associate instructors serving as
faculty for an Arthroscopy Association of North America Resident’s
course chose to participate and comprised the experienced group. The
faculty, all fellowship trained in arthroscopy or sports medicine,
averaged over 17 years in clinical practice with each having routine
experience in arthroscopic shoulder techniques. All faculty members
have been recognized nationally by AANA for their talent and ability to
teach and communicate shoulder arthroscopy skills to trainees. The
novice group was made up of 7 volunteers (from a total of 46 registered
orthopedic residents) who elected to participate in the study and

perform an arthroscopic Bankart repair on a shoulder model simulator.

4.32 Inter-rater Reliability (IRR) Assessments

The IRR calculations across each of the assessments were strong. The
mean IRR for the paired scoring of all 19 videos for procedural steps
was 0.92 (range = 0.84 - 0.98) and for errors was 0.94 (range = 0.84 -
0.99) (includes DNTT events). The mean IRR for the total of steps and
errors was 0.93 (range = 0.85 - 0.97). In no instance did any of the 3

IRR calculations for the 19 scored videos fall below 0.80.

4.33 Outlier Experienced Surgeon Performance
Before analyzing the data, score profiles of those in the experienced
group were examined for atypical performance. One subject in the

experienced group was found to have enacted 3 sentinel errors in
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comparison to a mean experienced group sentinel error rate = 0.71
(standard deviation = 0.98). The mean and standard deviation was used
to convert the data to Z-scores with a mean = 0 and a standard
deviation = 1. The outlier subject’s Z-score for sentinel errors = 2.31 (>
2 SD from the mean of the experienced group) (p = 0.01). When this
subject’s score is removed from the sentinel error data, the new mean =
0.5 (SD = 0.71). Figure 4.2 (A - D) show that the exclusion of the one
experienced surgeon had little impact on the overall experienced group

scores. In subsequent statistical analysis, all of this outlier’s data were

excluded.
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Figure 4.2A - D. Summary performance data for the shoulder model
simulator showing the mean and standard deviation scores for A) steps
completed, B) time taken, C) errors enacted and D) sentinel errors
made by experienced and novice operators. Also shown are the mean

scores of the experienced group with one outlier data set excluded.
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4.34 Overall Performance Comparisons

Figure 4.2A - D shows that, on average, experienced surgeons
completed more steps (figure 4.2A) than those in the novice group
(39.54 vs. 37.36) but this difference was not statistically significant. The
experienced group took significantly less time (Figure 4.2B) to perform
the procedure on the shoulder model in comparison to the novice
surgeons (39 vs. 66 minutes; p < 0.001). They also made significantly
fewer errors (Figure 4.2C) than the novice surgeons (3.23 vs. 8.64; p =
0.001) and significantly fewer sentinel errors (0.5 vs. 2.36; p <0.001)
as shown in Figure 4.2D. Overall, experienced arthroscopists made 63%
fewer errors, 79% fewer sentinel errors, and performed the procedure
in 41% less time than novice surgeons. The procedural phases, which
exhibited the greatest differences in performance between the groups
included: anchor preparation and insertion, suture delivery and
management, and knot tying. The experienced group also performed
better than the novices on the phases of portal placement, arthroscopic
instability assessment, and capsulolabral mobilization / gleniod

preparation, but the differences were not significant.

4.35 Anchor Preparation and Insertion Steps

Figure 4.3A shows the mean number of steps not completed by both
groups during the anchor preparation / insertion phase of the
procedure. Few steps were not completed or omitted by either group.
Experienced surgeons performed better on anchor 1 but those in the
novice group performed marginally better on anchors 2 and 3. These

differences were not statistically significant.
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Figure 4.3A - F. Mean and standard deviation data for experienced and
novice surgeons for anchor preparation and insertion A) steps, B)
errors (phases IV, VIII, X); suture delivery and management C) steps,
and D) errors (phases V,VII], IX); and knot tying E) steps, and F) errors
(phases VI, IX, XII) during the Bankart procedure.
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4.36 Anchor Preparation and Insertion Errors

Figure 4.3B shows the mean (and standard deviation) number of errors
made by the experienced group and the novice group during the anchor
preparation and insertion phase of the procedure. Across all three
anchors the experienced group made fewer errors than the novices and
also showed more consistent performance as indicated by the smaller
standard deviation scores. Experienced arthroscopists made
significantly fewer errors than novices on the preparation and insertion
of anchor 1 (0.32 vs. 1.36; p = 0.02). Although experienced surgeons
also made considerably fewer errors than novices on preparation and
insertion of anchor 3, this did not reach statistical significance (0.14 vs.

0.86; p = 0.07).

4.37 Suture Delivery and Management Steps
The number of uncompleted steps during suture delivery and
management for anchors 1 - 3 was few and there were almost no

differences between the groups (Figure 4.3C).

4.38 Suture Delivery and Management Errors

Figure 4.3D shows the mean (and standard deviation) number of errors
made by experienced and novice surgeons on the suturing steps of the
procedure. The number of errors made by experienced arthroscopists
was small across all three anchors and showed substantial consistency
as indicated by the small standard deviation scores. Also, their
performance showed slight improvement across the anchors. In
contrast, the novices showed considerable performance variability and
performance deterioration across the three anchors. Only the
differences in suture management and delivery on anchor 3, however,

were found to be statistically significant (0.14 vs. 1.1; p = 0.001).
4.39 Knot Tying Steps

Similar to the suturing steps results, only a small number of

uncompleted or omitted steps during knot tying for anchors 1 - 3
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(Figure 4.3E) was observed for both groups and the small differences

that did exists were not statistically significant.

4.310 Knot Tying Errors

The experienced group consistently made fewer errors during the knot-
tying phase of the model procedure (Figure 4.3F). They performed best
on anchor 3 as indicated by their mean score and very small standard
deviation. On average, the novice group made less than one error per
anchor. A significant difference between the groups was, however,

observed for knot tying errors on anchor 3 (0.09 vs. 0.64; p = 0.014).

4.311 Performance Summary Assessments

The performances of both groups across the six measures presented in
figures 4.3 A-F were summed to give an indicator of each group’s
overall performance on the three anchor repair. These data are
presented in figure 4.4. Although the experienced group completed
more of the procedure steps than the novice group for the anchor
preparation and insertion, suture management and knot tying phases,
none of these differences in steps completed were statistically
significant. In contrast, all of the error variables did show large and
statistically significant differences between the groups. The
experienced group made significantly fewer (i.e., 70%) anchor
preparation and insertion and suture management errors (0.86 vs. 2.9;
p = 0.012). The experienced group also made 74% fewer suture
delivery and management errors in comparison to the novice group,
which was found to be statistically significant (0.6 vs. 2.5; p = 0.041).
The smallest difference between the error performances of the two
groups was in the knot tying phases. The experienced group still made
57% fewer knot tying errors than the novice group, which was also

found to be statistically significant (0.73 vs. 1.7;, p = 0.023).
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Figure 4.4 The mean and standard deviation of novices and
experienced surgeons on six groups of metrics; anchor preparation and
insertion steps, errors (phases IV, VIII, X); suture delivery and
management steps, errors (phases V,VII], IX); knot tying steps, errors

(phases VI, IX, XII).

4.312 Procedure Review
Both groups completed the final examination of the repair and there

were no errors committed during this phase of the procedure by either

group.

4.313 Proficiency Benchmark

The experienced group had a mean total error rate of 3.23. A surgeon
could not make a portion of an error, so for practical purposes, the
error benchmark was rounded to the next greater whole number, 4.
The experienced group also created a mean number of 0.5 sentinel
errors (standard deviation = 0.71), rounded to 1. Thus, the overall
benchmark is set at completing a 3 anchor Bankart repair with no more

than 4 total errors and no more than 1 sentinel error.
4.4 Discussion

The most important findings of this study include verification that the

arthroscopic Bankart metrics coupled with a shoulder model simulator
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are able to accurately discriminate between the performance of
experienced and novice orthopedic surgeons and demonstrate
construct validity (table 3.1) In addition, a performance benchmark was
able to be established based on the mean performance of the
experienced group and included: completion of a 3 anchor Bankart

repair, enacting no more than 4 total errors and 1 sentinel error.

4.41 Bankart Metrics

The primary intent of the study was to determine whether construct
validity could be demonstrated for the previously established
arthroscopic Bankart metrics coupled with the use of a shoulder model
simulator. For construct validity to be demonstrated, the combination
of metrics and simulator tools must be able to discriminate between the
performance of experienced and novice surgeons. The differences
between the two groups were significant and those that best
distinguished between experienced and novice surgeons in the
performance of an arthroscopic Bankart procedure included: 1) the
errors enacted in the performance of the procedure, 2) the number of

sentinel errors made, and 3) the time it took to perform the procedure.

In this study, error scores were a very powerful and accurate[211]
discriminator between the groups with the novices making more than
twice as many errors as the experienced group with a difference in the
standard deviation scores of a similar magnitude. The goal of surgical
education should be to help trainees perform well with as few errors as
possible. The trainee, however, should be afforded the opportunity to
create errors in an inconsequential manner (i.e. on a simulator without
associated patient morbidity) and learn from them. Effective
progression in training should be demonstrable with a concomitant
reduction in errors. For the individual trainee, the identification of
specific errors facilitates a focused correction of deficiencies.
Performance errors can also be used as a powerful metric tool to shape

and configure the related educational curriculums and remedial
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training as well as to establish benchmarks, which trainees must meet
and demonstrate before progressing.[79, 201, 212] Lastly, defined
errors can serve to guide the development of simulators, i.e., not only

what they should emulate, but also, what they should measure.

Within surgical and procedural disciplines, it is unanimously agreed
that certain types of technique errors are so egregious and pose such a
threat to either the success of the procedure or patient safety that they
should constitute their own performance category. We have elected to
term these more serious deviations from optimal performance, ‘sentinel
errors’. Similar designations have not been formally made in other
studies that have objectively assessed surgical performance and
evaluated the construct validity of specific metrics.[22, 70, 198, 207,
208, 213] The use of such a special metric classification could have
profound implications for “high stakes” assessments (i.e. - determining
whether a trainee is allowed to progress in the specific educational /
residency program) and proficiency based progression approaches to

training

Although the # steps completed did not distinguish between the groups
in this study, it is none-the-less important to include all of the essential
steps in a training program. The procedure cannot be completed
without knowing and performing all of the correct steps in the proper
order.[79, 201, 212] The fact that this performance unit is being
assessed also increases the probability that the steps will be
learned.[214] However, the proper steps and sequences should be
communicated and learned outside of the skills training proper, i.e., in
an online educational module, as its inclusion is sensible rather than
essential. A thorough diagnostic evaluation of pathology potentially
related to shoulder instability is necessary for the comprehensive and
appropriate treatment of the unstable shoulder, and thus, its inclusion

in the steps of the procedure.
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4.42 Simulator Model

Gallagher and O’Sullivan[79] have proposed that to be effective, a
simulation model should provide the learner with the span of
appropriate sensory responses to physical actions that are behaviorally
consistent with what would be experienced in the real situation
(including the opportunity to enact both appropriate (steps) and
inappropriate actions (errors). The simulator should also afford the
opportunity to execute the procedure in the same order and with the
same tools and devices with which the procedure would normally be
performed.[212] The simulator model used in this study was
sufficiently realistic to provide the learner the opportunity to perform
each of the 45 steps in a realistic fashion using the same tools, implants

and techniques employed for an anterior stabilization on a real patient.

4.43 Benchmarking

The second purpose of this study was to establish a performance
benchmark for the arthroscopic Bankart metrics coupled with a
shoulder model simulator. The definition of ‘proficiency’, in distinction
to qualitatively described ‘competency’, is based on objectively defined
performance metrics. Proficiency based progression (PBP) training
requires the establishment of a benchmark to which trainees must
perform to be able to progress. We sought to establish an objective,
reliable, transparent, and fair performance benchmark for an anterior
Bankart repair on the shoulder model simulator. As the benchmark is
established based on the mean performance of the group of
experienced surgeons, it was important that the performance of the
members be representative of that group. Based on a pre-study
stipulation, the scores of one member of the experienced group were
removed from the analysis, as their performance was 2.3 SD worse than
their peers. This policy was established so as not to skew the creation of
the reference benchmark and was demonstrated to have little impact

on the overall scores of the experienced group.
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An IRR > or greater than 0.80 is considered acceptable.[210] The very
high IRR for the scores from reviewer pairs for the entire group of
metrics (0.93) is reflective of the clarity and precision of the
arthroscopic Bankart metrics drafted, and the thorough training of the
10 reviewers. The ability to score the steps and errors consistently is
essential in obtaining a reliable measure of the surgeon’s performance

and skill level for a particular procedure.

4.44 Limitations

A limitation of this study is that there was no confirmation that those
serving as Master / Associate Master surgeons and representative of
the experienced group possessed a specified level of expert skill in
performing an arthroscopic Bankart procedure. Nevertheless, the
individual surgeons so identified, have been recognized by the
Arthroscopy Association of North America as skilled and effective
educators either from lecture presentations with video exhibiting
skilled shoulder arthroscopic techniques or from their performance in
an arthroscopic lab setting in which they demonstrated the ability to
teach each of the key components of a Bankart procedure. Therefore,
this group was defined as ‘experienced’ rather than ‘expert’. Similarly,
other than identifying the year in training, no information was obtained
to determine the extent of the novice group’s (resident) experience
with arthroscopic shoulder surgery, i.e.,, number of arthroscopy / sports
medicine rotations previously completed or the number of shoulder
arthroscopic procedures in which they served as an assistant surgeon.
Even with those pieces of information, it would not be possible to gain
any reliable measure of an individual resident’s level of first hand
‘experience’ or skill with arthroscopic shoulder surgery. Furthermore,
the structure of residency rotations and level of independence
permitted varies a great deal among training programs. As a result, the
residents’ knowledge and skill sets are unlikely to be uniform but the
PGY 4 and 5 levels provide a general measure of their training

experience.
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The numbers of surgeons in both groups were small but one of the
strengths of the detailed metric-based procedure characterization
method that we used is the sensitivity to detecting differences when in
fact they exist. One hundred twenty three data points (metrics)
including the duration of the procedure in minutes were obtained for
each scored video. Thus, small numbers of subjects can still produce
statistically powerful differences, assuming that performance has been
reliably measured. An 'a priori' power analysis was not performed, as
we had no previous studies in arthroscopic shoulder repair that used a
similar detailed assessment methodology. This is the first study of its
kind in this field and our results will afford other researchers the
opportunity to develop their sample sizes based on reported mean and
standard deviation scores. The only published scientific reports we
could draw on were similar type studies published in the laparoscopic
surgical literature. Those reports could only give an indication of the

possible sample sizes required.

Although not specifically a limitation of the study or design, the option
to use either the lateral decubitus or beach chair position could
potentially introduce some variability. Both patient positions are in
common use among practicing surgeons. The metrics were carefully
constructed to facilitate unbiased scoring for the model simulator /
patient in either orientation with no penalty. Several metrics require
that the arthroscope be placed in the anterosuperior portal to
adequately complete the step, however, this is true for both
orientations (i.e. step #12 - “view or probe the insertion of the anterior
glenohumeral ligaments onto the anterior humeral neck”, and step #16
- “obtain a view of the anterior glenoid neck”). The challenge in
completing these steps relates more to the position of the arthroscope
(posterior vs. anterosuperior portal) than the patient orientation.
While the authors believe that the lateral decubitus orientation makes
some steps easier to perform, (i.e. appropriate seating of the drill guide

in the anterior /posterior dimension relative to the bony rim, and
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accurate passage of the suturing device through the capsulolabral tissue
inferior to the anchor site), no inherent bias is introduced in scoring the

metrics for procedures performed in either patient orientation.

Based on the data from this study, the null hypothesis is rejected. The
shoulder model employed, coupled with previously validated
arthroscopic Bankart metrics, is able to accurately distinguish between
experienced and novice operators. Construct validity is demonstrated

for the simulator model plus performance.

4.45 Conclusions

The tool comprised of validated arthroscopic Bankart repair metrics
coupled with a dry shoulder model simulator is able to accurately
distinguish between the performance of experienced and novice
orthopedic surgeons. A performance benchmark based on the
experienced group includes: completion of a 3 anchor Bankart repair,

and enacting no more than 4 total errors and 1 sentinel error.
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Table 4.1 The Arthroscopic Instruments used to perform the Bankart

procedure on the cadaver shoulder.

5.5- and 8.5-mm obturator cannulas
Switching sticks

Hook probe

Regular and looped graspers
Liberator/clevator

Shaver

Drill guide/drill

Push-in anchor loaded with single suture
Mallet

Cannulated suture hook

Penctrator

Monofilament suture

Knot pusher

Arthroscopic sdssors
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Appendix 4A - Model Metric Validation: Novice
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Appendix 4B - Model Metric Validation: Experienced
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5. “Bankart Performance Metrics Combined With a Cadaveric
Shoulder Create a Precise and Accurate Assessment Tool for
Measuring Surgeon Skill” Angelo RL, Ryu RKN, Pedowitz R A,
Gallagher A G. Arthroscopy 2015;32:1655-1670. Appendix 7

(Candidate is the first and primary author)

Purpose: To determine if previously validated performance metrics for
an arthroscopic Bankart repair (ABR) coupled with a cadaver shoulder

are a valid assessment tool with the ability to discriminate between the
performances of experienced and novice surgeons; To establish a

proficiency benchmark for an ABR using a cadaver shoulder.

Methods: 10 Master / Associate Master Faculty from an Arthroscopy
Association of North America Resident course (experienced group)
were compared with 12 PGY 4 and PGY 5 orthopedic residents (novice
group). Each group was instructed to perform a diagnostic arthroscopy
and a 3 suture anchor Bankart repair on a cadaver shoulder. The
procedure was videotaped in its entirety and independently scored in
blinded fashion by a pair of trained reviewers. Scoring was based on
defined and previously validated metrics for an arthroscopic Bankart

and included steps, errors, ‘sentinel’ (more serious) errors, and time.

Results: The inter-rater reliability = 0.92. Novice surgeons made
54% more errors (5.68 vs. 2.61; p = 0.026), showed more
performance variability (SD = 3.5 vs. 1.6) and took longer to perform
the procedure (45.5 vs. 29.5 minutes; p < 0.001). The greatest
difference in errors related to suture delivery and management
(exclusive of knot tying)(1.95 vs. 0.33; p = 0.02).

Conclusions: The assessment tool comprised of validated arthroscopic
Bankart metrics coupled with a cadaver shoulder accurately
distinguishes the performance of experienced from novice orthopedic
surgeons. A benchmark based on the mean performance of the
experienced group includes: completion of a 3 anchor Bankart repair,

and enacting no more than 3 total errors and 1 sentinel error.
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Clinical Relevance: Validated procedural metrics combined with
the use of a cadaver shoulder can be used to assess the performance
of an arthroscopic Bankart repair. The methodology employed may
serve as a template for outcomes based procedural skills training in

general.

5.1 Introduction

The traditional manner in which surgical trainees have acquired
their operative skills is under considerable pressure. Concerns about
patient safety,[215, 216] pressures on operating room efficiency[7]
and the reduced availability of work hours[217, 218] have resulted
in fewer opportunities for in vivo operative experience. As a
consequence, trainees are graduating from residency programs with
considerably less operative experience and almost certainly less
technical skill than residents graduating in the past who were
exposed to greater surgical volumes. For example, Bell et al.,[219]
found that of the 121 surgical procedures that general surgery
residency program directors believed residents should be
competent in by the time of graduation, only 18 of them had been
performed with sufficient frequency by the resident for them to
acquire competence during their training. They also found that the
mode frequency with which the 121 procedures were performed
was 0. The implications of these findings for surgical training are
considerable and concerning. At a more practical level it means that
surgical skills training must be optimized and preparation for a

surgical practice maximized.

Traditionally, surgical residents have been trained using the
‘apprenticeship’ model, dependent in part, on exposure to surgical
cases, variable graduated participation in surgery, and time spent on
specific clinical rotations. At the outset, we sought to determine if a
‘proficiency based progression’ (PBP)(table 3.1 - glossary) method

was potentially a more effective manner in which to train surgical
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skills than the apprenticeship model. A PBP training program
dictates that the trainee demonstrates that skill performance, to a
pre-determined benchmark level, before advancing to more complex
techniques. This method relies on a comprehensive and quantitative
characterization of the skills to be learned. These performance
characteristics or metrics (table 3.1) and their operational definitions
(table 3.1) (rather than descriptions) offer very specific goals and
guidelines for the training curriculum. Previously, we reported[65]
on the development of performance metrics (steps and errors)(table
3.1) for a standard reference approach to performing an
arthroscopic Bankart repair (ABR).[185, 190, 191, 193, 209] Those
metrics were derived from a careful task analysis and deconstruction
(table 3.1) using videos of complete Bankart procedures performed
with patients in either the lateral decubitus or beach chair
orientation. The metrics were constructed in such a manner that
they could be scored in an identical manner with the patient in
either orientation. Face and content validity (table 3.1) of the metrics
were verified using a modified Delphi Panel (table 3.1) methodology.
The Delphi Panel was composed of 27 experienced shoulder
arthroscopists who have all served as Master or Associate Master
faculty for Arthroscopy Association of North America (AANA)
shoulder courses at the Orthopedic Learning Center (Rosemont, Il).
The Delphi Panel obtained excellent consensus on the metric-based

characterization of the Bankart procedure.

In a subsequent report, we verified construct validity (the ability to
discriminate between the performance of experienced and novice
groups of surgeons)(table 3.1) for the use of the ABR metrics with a
shoulder model simulator as a training tool.[93] In the present study
we evaluate the construct validity of these exact same metrics on a
much higher fidelity platform, the human cadaver shoulder. At
present, an arthroscopic Bankart repair in a cadaver shoulder

provides the closest approximation to a similar surgical repair in a
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live patient. Full physics, high fidelity virtual reality simulators with
haptic feedback are likely to play a greater role in the future, but are
expensive to develop and not currently available. Even with those
simulators, validated metrics will be needed to substantiate their
effectiveness.

The purpose of this study was to determine if previously validated
performance metrics for an arthroscopic Bankart repair (ABR) coupled
with a cadaver shoulder are a valid assessment tool with the ability to
discriminate between the performances of experienced and novice
surgeons. We also sought to establish a proficiency (table 3.1)
benchmark for that procedure using the cadaver shoulder. The null
hypothesis states that when using a cadaver shoulder, the Bankart
metrics would fail to discriminate between experienced and novice

surgeon performance.

5.2 Methods

No IRB was obtained for this study investigating the validity of the
Bankart metrics coupled with the cadaver shoulder. An IRB was sought
for the final Copernicus Study proper, which will compare 3 different
training protocols evaluating surgical simulation and proficiency based
training methods. The Western Institutional Review Board (WIRB) (#1-
776362-1) opined that, as an educational curriculum study, it was
“Exempt” from the need for full IRB approval (criteria: 45 CFR
46.101(b)(1)). The final study comparing the 3 training protocols was
registered with the NIH (ClinicalTrials.gov: #NCT01921621).

5.21 Study Groups

Two groups were compared in their performance of an arthroscopic
Bankart procedure on a cadaver shoulder. The experienced group
consisted of all faculty members who served as Master and Associate
Master instructors for a standard 3 day Arthroscopy Association of

North America (AANA) Resident Course conducted at the Orthopedic
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Learning Center (OLC, Rosemont, IL.). ‘Experienced’ meant that they
performed the procedure consistently in practice and taught the
principles at the OLC during shoulder courses. An ‘expert’ would not
be possible to define without the surgeon meeting objective
performance criteria (metrics) that achieved a specific benchmark
(that some group or body determined, meant ‘expert’ performance).
The novice group was limited to PGY 4 and PGY 5 orthopedic
residents who had registered for a Resident’s Course and who

volunteered to participate in the investigation.

5.22 Arthroscopic Bankart Repair Metrics

Metrics have been previously defined for a standard reference
arthroscopic Bankart repair[65]7. 45 essential steps in 13 procedural
phases (Roman numerals) were defined with beginning and end points
(Table 3.3). 29 potential unique errors were specified, 8 of which were
designated as ‘sentinel’ (Table 3.4). The more serious sentinel errors
were defined as those expected to either; 1) substantially compromise
the outcome of the shoulder stabilization (i.e. - ‘capsular penetration of
the suture passing instrument is superior to the anchor hole’ resulting
in failure to retention the capsule and inferior glenohumeral ligaments),
or 2) potentially lead to iatrogenic damage to the shoulder (i.e.
‘laceration of the intact labrum’). Some of the same errors could be
enacted more than once during separate but similar phases of the
procedure (i.e. suture delivery and management for each of 3 anchors).
Thus, a total of 77 potential errors, 20 of which were sentinel errors,
were specified for the complete procedure. In addition, events that led
to less consequential “damage to non-target tissues” (DNTT) (table 3.1)
were recorded as a standard error (i.e. scuffing of the articular
cartilage). A perfect score would indicate that all 45 steps were

completed satisfactorily without committing any errors.
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There are many ways to perform a Bankart procedure, but the task
deconstruction was designed for a 'reference’ procedure (a routine
Bankart repair) breaking it down into essential components. Each of
the metrics were specifically crafted to accommodate different
methods that can be used to accomplish the steps, i.e. suture passage
could be performed with a number of different instruments and
techniques, but to accomplish re-tensioning of the capsulolabral
tissue, the capsule must be purchased inferior to the anchor site (one
of the metrics). The modified Delphi panel procedure used to obtain
face and content validity, asks the question of each panel member,
"is this metric (step or error) acceptable as written”, i.e. 'it is not
incorrect' (although a particular panel member might perform the
step in a different manner). The 45 steps and 77 errors were drafted,
revised, and stress tested by the core group of primary investigators
and then submitted to the Delphi Panel for comment, modification,
and revision. The panel then obtained consensus for all of the 122

metrics, which were found to be acceptable in their final form.

5.23 Cadaver Shoulder Study Specimens

Fresh frozen cadaveric specimens with a complete shoulder girdle
from the scapula and associated soft tissues to the mid-humerus
were used. After appropriate thawing, the scapula was mounted
with a clamp in the subject surgeon’s orientation of preference
(lateral decubitus vs. beach chair). The cadaver specimens were
considered acceptable if: 1) arthroscopic visibility of the target
tissues was obtainable; 2) the specimen (flexibility) permitted
adequate access to the target tissues; and 3) the integrity of the
capsulolabral tissues was sufficient to permit mobilization, suture
delivery and knot-tying. One of 3 designated AANA shoulder
arthroscopy Master Instructors (the surgeon members of the group
who created the arthroscopic Bankart metrics) determined the

acceptability of the cadaver specimens.
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5.24 Arthroscopic Bankart Repair

During a single weekend AANA resident arthroscopy course, the
surgeons from both groups were instructed to establish portals
(posterior, anterosuperior, and mid-anterior), complete a thorough
diagnostic arthroscopy, and perform a 3 anchor arthroscopic
Bankart repair on the cadaver shoulder. Further, they were
instructed to demonstrate / complete all of the steps for the Bankart
repair that they would normally perform in clinical practice on a real
patient. Equipment representatives from multiple different vendors
served as surgical assistants and were randomly assigned to
participating surgeons. The assistants were instructed to act only at
the specific direction of the operating surgeon. Prompting and
coaching (of technique) were prohibited (the procedures were
proctored by staff from the Orthopedic Learning Center). A standard
equipment tower with a 30° arthroscope was provided along with all
instruments necessary to complete an arthroscopic Bankart repair

(Table 4.1).

The subject surgeon identified bony landmarks with a marking pen,
established their desired portals and performed a diagnostic
examination. The arthroscope was then withdrawn from the
shoulder joint. One of the 3 Master surgeons who evaluated the
cadaver acceptability according to the criteria noted above, then
reintroduced the arthroscope and created a standardized Bankart
lesion from 2 - 6 o’clock, and 6 - 9 mm deep (medial). While the
lesion was clearly delineated, the capsulolabral tissues were not
mobilized. Prior to the study, we attempted to employ different
techniques to create an anteroinferior capsular detachment from the
glenoid (Bankart lesion) in a cadaver shoulder specimen (i.e. a long-
handled scalpel blade, a hook tip cautery, and manual dissection
with an elevator). It was determined that the most consistent lesion
could be created using a liberator/elevator along with a mallet to

provide a gentle, controlled impact force to the elevator to carefully
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“sculpt” the Bankart pathology. This method optimized preservation

of the integrity of the capsulolabral tissues for subsequent repair.

Once the Bankart lesion was completed, the arthroscope was
withdrawn and reintroduced by the subject surgeon who operated
for the duration of the procedure. A continuous video recording was
made beginning with the first arthroscopic view of the joint from the
posterior portal, ending with the final examination of the completed
procedure by the surgeon. In calculating the total operating time of
the Bankart repair procedure for the subject surgeon, the segment of
time required by the master faculty surgeon to create the Bankart
pathology was subtracted from the total absolute running time. No
time limit was imposed on the performance of the procedure in the

cadaver specimen.

5.25 Video Reviewer Training

Once the construction of the metrics for an arthroscopic Bankart repair
was completed and face and content validity verified[65], a final
version of a score sheet was formatted. 10 AANA Master / Associate
Master faculty surgeons (none belonging to the experienced group from
this study) formed the panel of reviewers designated to score the
videos. This group included the 3 members from the group who, in
conjunction with a consultant experimental psychologist, created the
arthroscopic Bankart metric definitions (table 3.1). The ten reviewers
were randomly assigned to form five fixed pairs, which remained
constant throughout the scoring of all videos. Reviewer training was
initiated with an 8-hour in-person meeting during which time each
metric was studied in detail. Multiple video examples of live patient
cases were shown to illustrate each particular metric. Videos of the
patients in both the lateral decubitus and beach chair orientations were
represented. Discussion helped to clarify how each step and error was
to be scored, including the nuances and conventions to be used. Several

weeks later, full-length practice videos # 1 and 2 (one each in the lateral
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decubitus and beach chair orientation) were sent to and independently
scored by each of the 10 reviewers, and the scores tabulated. In two
subsequent 2-hour group phone conferences, the differences and
discrepancies amongst all reviewers were compared and discussed
seeking conformity in scoring. In addition, each designated pair of
reviewers conducted one to three additional phone conferences to
analyze the specific instances in which the two of them scored
particular events differently. Subsequently, all reviewers scored
practice videos #3 and #4 and the results were again tabulated (each
patient orientation represented). The scores for each of the 5
designated pairs of reviewers were compared for the second set of
practice videos. In only 1 of 10 comparisons (2 videos X 5 reviewer
pairs) did the inter-rater reliability (IRR)(table 3.1) calculation (see
below) fall below an acceptable level of 0.8[210] at 0.76.

5.26 Video Scoring

The AANA research coordinator randomly assigned each of the 22
full-length study videos of the experienced and novice surgeons
performing an arthroscopic Bankart repair on a cadaver shoulder to
a single pair of reviewers. Other than the research coordinator and
the study consultant, the primary investigators and all video
reviewers remained blinded to the source of the video being
reviewed. Each of the 22 videos were independently reviewed and
scored by the two members of an assigned pair of reviewers. All
scores were tabulated for each of 13 phases of the procedure
(Appendix 5 A and B). Each step and error metric was scored as
either a “yes” or “no”, designating whether the specific event was or
was not observed to occur by the reviewer. In addition to scoring
steps and errors, each event characterized as “damage to non-target
tissue” (DNTT) was scored. There was no limit to the number of
individual instances DNTT could be scored with each occurrence
simply tallied as a single error event. The score sheet also contained

a box for specific reviewer comments for each metric. The 2
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individual scores from a pair of reviewers were averaged to obtain
the overall score for each step, error, or DNTT event. In addition, the
score agreement or disagreement between the specific pair of
reviewers was tabulated for each individual event (step, errors, and
DNTT events) and used to calculate inter-rater reliability

correlations (see below in Statistical Methods).

5.27 Performance Benchmark

Prior research has used the mean performance (metric based) of a
group of experienced or expert operators to objectively define
proficiency.[22, 79, 198, 201, 208] To assess and ensure performance
homogeneity amongst the experienced surgeon group for
establishment of an accurate benchmark, their performances were
converted to Z-scores. The standard score (more commonly referred to
as a Z-score) is a very useful statistic because it, a) creates the ability to
calculate the probability of a score occurring within a normal
distribution and b) enables one to compare more precisely the scores
from two individuals on a standardized scale, i.e. to objectively and
transparently determine whether and precisely how much a given
subject’s score is above or below the mean of their peers. In the pre-
study design phase of the project, a stipulation was made by the
primary investigators to remove the data from analysis for an
experienced surgeon performing > 2 standard deviations from the
mean of the experienced group for any of the 4 assessments: steps,
errors, sentinel errors, and time. Any such performance by a participant
of experienced group would be deemed an ‘outlier’ and the scores
would be removed from the analysis so as not to skew the
establishment of the reference benchmark. This stipulation applied to
both the previously reported shoulder model[93] construct validity

study and the cadaver construct validity study in this report.
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5.28 Incomplete Repairs

It was prospectively determined that if a surgeon did not
substantially complete the 3 anchor Bankart repair, their partial
scores would be removed from the analysis. This policy was
established due to the fact that if only a portion of a procedure was
performed, it would not have been possible to accurately estimate or
extrapolate how many errors, sentinel errors, or instances of
damage to non-target tissues they may have enacted had they
completed the entire procedure. Further, no estimate of total time

for the procedure would be sensible.

5.29 Statistical Methods

For each of the 13 separate phases of the procedure, the # of
‘uncompleted steps’ and ‘errors made’ were tabulated and the scores
for the 2 reviewers averaged (appendix 5A and B). These data were
used to determine which of the procedural phases demonstrated the
greatest differences in performance when comparing the experienced
and novice surgeons (one factor -ANOVA analysis; IBM SPSS statistical
software program). Further, for the entire procedure, the total number
of steps completed, errors made, and sentinel errors enacted were also

averaged for the pair of reviewers.

The two raw score sheets were compared for each of the individual
steps (N = 45) and the number of ‘agreements’ tabulated (either both
reviewers documented that a step was performed, or both scored the
step as not being completed). In addition, the number of
‘disagreements’ in scoring steps was tabulated (one of the reviewers
indicated that the step had and other scored that the step had not been
completed). The inter-rater reliability for the steps was calculated

according to the following formula:
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Agreements

Agreements + Disagreements

In a similar manner, there was either agreement or disagreement in the
2 scores for each of the potential errors (N = 77). The IRR for error
scoring was calculated in the same manner as that for the steps. Finally,
the IRR for scoring the entire procedure was calculated using both the
step and error agreements / disagreements for the entire procedure (N

= 122). Acceptable IRR is = or > 0.80.[210]

5.3 Results

5.31 Participants

Two groups were compared in their performance of an arthroscopic
Bankart repair on a cadaver shoulder. The entire group of Master or
Associate Master instructors, serving as faculty for an Arthroscopy
Association of North America Resident’s course, chose to participate
and comprised the experienced group (N = 10). The faculty, all
fellowship trained in arthroscopy or sports medicine, averaged over
16 years in clinical practice with each having routine experience in
employing arthroscopic shoulder techniques. All faculty members
have been recognized nationally by AANA for their talent and ability
to teach and communicate shoulder arthroscopy skills to trainees.
The novice group (N = 12) was comprised of 11 PGY 5 and one PGY 4
orthopedic resident volunteers (from a total of 44 orthopedic
residents registered for the course) who elected to participate in the
study and perform an arthroscopic Bankart repair on a cadaver
shoulder. Those volunteers had previously registered for an AANA
Resident’s Course with no prior knowledge of the Bankart repair
assessment protocol. Other than their year in training, no
information regarding their arthroscopic experience or surgical skill

was obtained.

159



5.32 Cadaver Specimens

One specimen was rejected and replaced from each of the study
groups. A specimen for the novice group was large with very non-
compliant tissues substantially restricting the anterior working
space and making the use of instruments difficult. One specimen
from the experienced group was arthritic which limited the ability to
distract the humeral head from the glenoid - visualization and the
use of instruments from the posterior portal were unacceptably
restricted. A fresh cadaver shoulder replaced each of these two

specimens.

5.33 Inter-rater reliability (IRR) assessments

The IRR calculations across each of the assessments were strong. 21
videos could be scored completely. One novice completed only a single
anchor repair during the entire duration of the procedure, which
provided incomplete data. The mean IRR for the paired scoring of the
21 videos for procedural steps was 0.91 (range = 0.82 - 1.00) and for
errors including DNTT events was 0.93 (range = 0.77 - 1.00 [the 0.77
for the error IRR calculation for 1 video was the single instance that fell
below 0.80 out of the 63 IRR calculations]) The mean IRR for the total of

steps and errors was 0.93 (range = 0.81 - 0.98).

5.34 Outlier Performance

One novice subject completed only 13 of 45 steps and a one anchor
repair before failing to progress and electively terminating the
procedure. During that time, 4.5 errors and 1 sentinel error were
created (the average of the pair of designated reviewers). Inclusion
of the data for the relatively small number of errors enacted during
the partial repair would bias and understate the average number of
errors for the novice group. As a result, all scores for this outlier
were removed. The number of steps could theoretically have been

used as that number accurately reflected the number of steps that
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were actually completed, but we elected to use none of the data from

this subject’s limited repair.

Before analyzing the data for complete repairs, score profiles were
examined for significantly atypical performance of the experienced
group. One subject in the experienced group took dramatically
longer than their colleagues to perform the procedure, primarily due
to substantial difficulties with suture delivery and management. This
subject required 63 minutes to complete the Bankart repair in
comparison to their colleagues’ mean of 29.5 minutes (SD = 8 min.).
For the experienced surgeon outlier, Z = 4.6 with an associated
probability value < 0.001 which indicated that the difference in
performance from their peers was highly significant. Consistent with
the prospectively established policy of removing an experienced
subject’s scores if their performance was >2 SD from the group
mean, this subject’s data was removed from further statistical

comparisons between the groups.

5.35 Experienced / Novice Group Comparisons

Comparisons were made separately for steps and errors for each of
the 13 phases of the Bankart procedure as well as the summary data
for steps, errors and sentinel errors (Appendix 5A - novice; 5B -
experienced). The phases of anchor preparation / insertion, suture
delivery and management, and knot tying were repeated for each of
the 3 anchors. The three sets of data for the three similar phases (1
for each of 3 anchors) were combined. Novice surgeons made
significantly more objectively scored overall procedure errors
(Figure 5.1) than the experienced surgeons (novice surgeons = 5.68
vs. experience surgeons 2.61; p = 0.026). Not only did the novice
surgeons make more errors but they also showed greater
performance variability as demonstrated by the considerably larger
standard deviation score (3.5 vs. 1.6). The greatest difference in the

mean number of errors made, occurred during the suture delivery
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and management phases of the procedure which was statistically
significant (novice surgeons = 1.95 errors vs. experienced surgeons
= 0.33 errors; p = 0.02, Figure 5.1). Novice surgeons also made more
sentinel errors than the experienced surgeons (1.5 vs. 0.94), but this

difference was not statistically significant.

10

—— Il Novice surgeons

p=0.026 Il Experienced surgeons

Mean number

Total procedure Suture delivery and
errors management errors

Figure 5.1 Mean total errors enacted by the novice and experienced
surgeon groups; p = 0.026; Mean suture and delivery errors enacted

by the novice and experienced surgeon groups; p = 0.02
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Figure 5.2 Mean time in minutes taken by the novice and
experienced surgeon groups to complete a 3 suture anchor Bankart

repair; p < 0.001.

The most common errors and sentinel errors are shown in table 5.1
with those errors common to all of the 3 anchors being summed.
With respect to regular errors, failure to maintain intra-articular
position of the cannulas was frequently observed for the novice
group. Both groups experienced occasional instances of anchor
pullout, the experienced group somewhat more often than the
novice group. By far, the most common sentinel error enacted by
the novice group was improper introduction of the suture delivery
device into the capsule at or above the anchor hole resulting in
failure to retention the capsuloligamentous tissues superiorly.
Damage (laceration) of the intact labrum during attempts to
mobilize the capsulolabral tissues was also notably more common

among the novice group compared to the experienced group.
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Overall, the novice surgeons also completed fewer steps than the
experienced surgeons (35.04 vs. 38.33) but this difference was not

statistically significant (p = 0.186).

Figure 5.2 shows the mean amount of time both groups of subjects
took to perform the procedure. Novice surgeons took significantly
more time to perform the repair than the experienced group (novice
surgeons = 64 (SD = 19.25) vs. experience surgeons 33 (SD =7.88), p
<0.001).

5.4 Discussion

5.41 Novice vs. Experienced Surgeon Performance

The present study demonstrates robust construct validity for the use
of the arthroscopic Bankart procedure metrics with a cadaver
shoulder. The Bankart metrics are both precise (high IRR) and
accurate (able to distinguish between novice and experienced
surgeon performance.[211] Overall, experienced surgeons
performed better than novice orthopedic surgeons when evaluated
using an objectively assessed and blinded review of video recorded
operative performance. Whilst the objectively assessed performance
of experienced surgeons was better than the novice surgeons across
all of the measures, the metrics which best distinguished the two
groups were procedure errors, particularly suture management
errors. Operative time was also significantly different. We are
unaware of previous similar studies using a detailed metric based
assessment of a complete surgical procedure with which to compare

and contrast our results.

5.42 Tool Development

At the outset of the series of investigations termed the AANA
“Copernicus Initiative” (a paradigm shift from the apprenticeship model

to one of proficiency based progression (PBP) training), we sought to
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study the effectiveness of PBP training for surgical skills. This
investigation required the development and validation of 3 separate,
specific tools to conduct the analysis. The first component to be created
was a metric tool (steps, errors, and sentinel errors) for a specific
procedure (an arthroscopic Bankart repair [ABR] was selected). This
metric tool was demonstrated to have face and content validity.[65]
Secondly, a training tool (a shoulder model simulator coupled with the
ABR metrics) was demonstrated to have construct validity for an ABR
with the ability to distinguish between experienced and novice surgeon
performance.[93] Lastly, the current study demonstrates construct
validity for the cadaver shoulder (coupled with the ABR metrics) as a

valid assessment tool for comparing the performance of different

surgeons.

5.43 Inter-rater Reliability

The very high IRR for the scores from reviewer pairs for the entire
group of metrics (0.92) is reflective of the clarity and precision of the
arthroscopic Bankart metrics drafted, and the thorough training of
the 10 reviewers. The ability to score the steps and errors
consistently is essential to obtain a reliable measure of the surgeon’s

performance and skill level for a particular procedure.

5.44 Shoulder Simulator Model vs. Shoulder Cadaver

For the prior study undertaken to assess construct validity for the
shoulder model simulator and metrics, surgeons in the experienced
group made 63% fewer errors, committed 79% fewer sentinel errors,
and performed the procedure in 42% less time than those in the novice
group (all differences being significant). The greatest difference in
errors between the groups involved anchor preparation and insertion,
suture delivery and management, and knot tying. In the current study
employing a cadaver shoulder, experienced surgeons made 54% fewer

errors, and performed the procedure in 48% less time (both differences
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being significant). Sentinel errors were significantly less for the
experienced group in the model validation study, and were also
committed less frequently by the experienced surgeons in this cadaver
evaluation, although the difference was not statistically significant.
With respect to specific phases of the procedure, the greatest
discriminator in both investigations was for the phases of suture
delivery and management. This finding is not surprising as the steps
involved in that phase are among the most challenging for the Bankart
repair. The number of steps performed did not differentiate in either
evaluation. This result is not unexpected as the intent and effort to
perform each of the steps predominantly reflects a familiarity and
knowledge of the steps necessary to perform the procedure. Overall, in
both studies, the experienced group showed less performance
variability than the novice surgeons as demonstrated by their smaller

standard deviation scores.

The benchmark was established based on the mean performance of the
group of experienced surgeons. For this current cadaver study, it
included: completion of a 3 anchor Bankart repair with no more than 3
total errors and no more than 1 sentinel error. For the similar previous
study on the simulator model using the identical metrics, the one
difference in the benchmark was that no more than 4 (instead of 3)

total errors were permitted.

5.45 Novice / Experienced Outliers

The partial data from one novice surgeon was removed from the
analysis, as the surgeon was not able to complete the suturing and
knot tying for the first anchor prior to electively terminating the
procedure due to the inability to make progress. A relatively large
number of errors were enacted (ave.4.5) (Appendix 5A) for the
portion of the procedure performed, but it was not possible to

accurately estimate or extrapolate to the total number of errors that
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might have been created had the entire procedure been completed.
The total number of errors enacted would likely have been
substantial had the procedure been completed. Thus, the average
total number of errors and sentinel errors is likely to have been
substantially understated for the novice group. A relatively small
number of steps were accomplished (ave.13) (Appendix 5A) and had
the data for this novice been included in that analysis, it would have
impacted the average total number of steps that the novices
completed. Given that the diagnostic portion of the procedure took
over 25 minutes for this subject, the overall time for completion of
the 3 anchor repair would also likely have been much larger.
Because the data for the majority of the analysis was incomplete, it
was not possible to include any of that surgeon’s performance data

in the analysis.

One of the issues that emerged during this study and indeed in one
of our previous studies[93] was atypical performance of one
experienced subject. Atypical performance is an important issue as it
relates to establishing benchmarks, which may have considerable
implications for trainee progression. Since proficiency-based
progression training was first introduced and validated in 2002[22],
the average or mean performance of experienced operators has been
used as the performance benchmark, which trainees must meet and
demonstrate before being allowed to progress in their training.[22,
79,198, 201, 208] If an experienced individual’s performance score
was dramatically worse than their peers, and their scores were to be
included the establishment of the benchmark, that reference level
would clearly be lowered. The lowering of the performance
threshold (benchmark) could have important patient safety
implications. For example, in a study on bariatric surgery it was
found that surgeons performing at the lower end of the performance
range had significantly poorer outcomes than surgeons performing

at the upper end.[220] This was one of the first studies to
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quantitatively link objectively assessed surgeon skill performance

with patient outcomes.

The criteria for removing outlier data from the group being used to
create a performance benchmark must be established before the
data is collected and should be objective, transparent, and fair. At
the outset, prior to conducting the study reported here, the authors
identified and discussed the possibility of encountering atypical
experienced surgeon performance. The core group of 4 primary
investigators agreed that the resolution to this potential issue would
be to remove all of a subject’s scores from subsequent analysis if it
could be unambiguously established that the subject’s performance
was statistically atypical, (greater than 2.0 standard deviations from
the group mean). The experienced individual participating in this
study was performing considerably worse than that for operative

time (2.44 SD from the mean inclusive of the outlier).

5.46 Performance Errors

The enactment of errors is emerging as one of the most important
indicators of skill for operative performance.[65] An individual may
be able to perform all of the correct steps in an acceptable order
with the appropriate instruments and score very well on those
parameters, but still perform the steps poorly. Procedural errors are
operative behaviors that deviate from optimal performance. These
metrics are a reliable measure of performance quality and are likely
to be the most sensitive assessment tool in the evaluation of
operative performance and safety.[30] Although simulation-based
education and the resulting transfer of training will influence other
performance parameters as well, such as procedural time, the
greatest impact of that training strategy appears to be on limiting
performance errors.[30] It is therefore a necessity, at the outset, that

the performance characterization of ‘deviations from optimal
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performance' (errors) must be particularly robust and well
validated. It also implies that error performance assessed using a
less rigid Likert scale (table 3.1)(global rating scales) may result in a
less focused approach to minimizing errors due to the fact that the
deviations from optimal performance have been less clearly
defined[63, 64] A ‘Likert-type scale’ is a method of ascribing a
quantitative value to qualitative data to make it amenable to
statistical analysis. Likert scales (often with a range from 1-5, or 1-
7) are typically constructed with responses (opinion) around a
neutral option (i.e. “suture delivery was: 1=awkward
...3=effective...5=highly efficient”) and were originally designed to
assess a range of respondent attitudes.[62] Due to the inherent
subjectivity in this method of attempting to rate objective
performance, it may be difficult to obtain acceptable levels of inter-
rater reliability [> or = 80%] in the scoring of events.[64] In contrast,
the approach to the assessment of performance used in this study
employs precise definitions of performance and simply requires the
video reviewer to determine whether the specific event did or did
not occur. This binary approach to the measurement of performance
has been shown to facilitate the reliable scoring of metric-based
performance units across a variety of functions from skills
training[195-198] at different experience levels.[199, 200] It has
also been shown to considerably enhance assessment reliability

levels in comparison to Likert-scale scoring.[63]

The effectiveness of a deliberate practice, proficiency-based training
curriculum employing simulation relies on a clear and specific
identification, not only of the proper steps that the trainee should
perform, but also, of what the trainee is doing wrong and how to
prevent or correct their error. Other advantages of creating
comprehensive procedure characterizations and explicit operational
step and error definitions exist. Detailed metrics provide very clear

guidance for the construction of simulation training platforms,
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specifying exactly what the simulator should be capable of
emulating, but more importantly, measuring.[212] Comprehensive
procedure characterization is challenging and time consuming the
first time it is undertaken and requires robust validation of all of the
performance metrics. With experience, however, this methodology is
considerably easier to apply to subsequent characterizations of

different procedures by the same group.

5.47 Limitations

A limitation of this study relates to the use of cadaveric specimens
for the arthroscopic Bankart creation and repair. The specimens
lacked some uniformity in the integrity of the capsule and labrum,
soft tissue compliance, shoulder mobility / distractibility, and the
bulk of the extra-articular tissues. In addition, while specific
parameters were utilized for the creation of the Bankart (i.e, 2 - 6
o’clock on the glenoid rim and 6 - 9 mm deep / medial), the lesions
could not be made absolutely uniform. Further variability existed in
the presence of coexisting pathology, i.e. arthritis, synovial
proliferation, rotator cuff partial tears, etc. The “acceptability
criteria” for the specimens (listed above) were employed to

minimize the impact of this potential problem.

An additional limitation of this study is that there was no
confirmation that those serving as Master / Associate Master
surgeons and representative of the “experienced” group possessed a
specified level of expert skill in performing an arthroscopic Bankart
procedure. Nevertheless, the individual surgeons so identified have
been recognized by the Arthroscopy Association of North America as
valuable educators either from lecture presentations with video
exhibiting skilled shoulder arthroscopy techniques or from repeated
experience teaching in an arthroscopic lab setting with the ability to
demonstrate and teach each of the key components of a Bankart

procedure. Thus, ‘experienced’ rather than ‘expert’ is a reasonable
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description of the group. Similarly, other than identifying the year in
training, no additional information was obtained to determine the
extent of the resident’s (novice group) experience with arthroscopic
shoulder surgery, i.e., number of arthroscopy / sports medicine
rotations previously completed; number of shoulder arthroscopic
surgeries as an assistant surgeon, etc. Even with that data, accurate
knowledge of the level of skill possessed by an individual resident
would not be possible. Thus, while the arthroscopic skill sets of the
subjects are representative of their respective groups and
experience, those skills are highly likely to be somewhat

heterogeneous.

We acknowledge that only a single operative procedure was
analyzed for each of the subject surgeons. It is possible that data
averaged over several procedures would be somewhat different than
that obtained in this study. Cost and time considerations made the
performance of a single arthroscopic Bankart repair on a cadaver
shoulder most feasible. It should also be noted that the participants
in each group had no prior specific knowledge of the metrics to be
scored in the review of their procedure and we suspect that the
experienced surgeons in particular, might have performed and
scored differently (better) for certain non-crucial parts of the
procedure, e.g., the diagnostic steps at the beginning, had they been

familiar with the metrics to be evaluated.

5.5 Conclusions

The assessment tool comprised of validated arthroscopic Bankart
metrics coupled with a cadaver shoulder accurately distinguishes
the performance of experienced from novice orthopedic surgeons. A
benchmark based on the mean performance of the experienced
group includes: completion of a 3 anchor Bankart repair, and

enacting no more than 3 total errors and 1 sentinel error.
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Appendix 5A - Cadaver Metric Validation: Novice
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6. “Objective Assessment of Knot-Tying Proficiency With the
Fundamentals of Arthroscopic Surgery Training Program
Workstation and Knot Tester” Pedowitz RA, Nicandri GT,
Angelo RL, Ryu RK, Gallagher AG. Arthroscopy
2015;31:1872-1879. Appendix 8
(Candidate was key contributor to study design and experimental

set-up)

Purpose: To assess a new method for biomechanical assessment of
arthroscopic knots, and to establish proficiency benchmarks using the
Fundamentals of Arthroscopic Surgery Training (FAST) Program
workstation and knot tester.

Methods: The first study group included twenty faculty at an AANA
resident arthroscopy course (19.9 + 8.25 years in practice). The second
group had thirty experienced surgeons attending an AANA fall course
(17.1 + 19.3 years in practice). The training group included forty-four
PGY4/5 orthopedic residents in a randomized, prospective study of
proficiency-based training, with three sub-groups: Group A (standard
training, n=14), Group B (workstation practice, n=14), Group C
(proficiency progression using the knot tester, n=16). Each subject tied
five arthroscopic knots backed up by three reversed hitches on
alternating posts. Knots were tied under video control around a metal
mandrel through a cannula within an opaque dome (the FAST
workstation). Each suture loop was stressed statically at 15 pounds for
10 seconds). A calibrated sizer measured loop expansion. Knot failure
was defined as > 3 mm of loop expansion.

Results: In the faculty group, 24% of knots “failed” under load.
Performance was inconsistent: 12 faculty had all knots pass, while 2
had all knots fail. In the second group of practicing surgeons, 21% of the
knots failed under load. Overall, 56 of 250 knots (22%) tied by
experienced surgeons failed. For the PGY4/5 residents, aggregate knot
failure rate was 26% of 220 knots. Group C residents had an 11% knot

failure rate (%2 the overall faculty rate, p = 0.013).
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Conclusion: The FAST workstation and knot tester offer a simple and
reproducible educational approach for enhancement of arthroscopic
knot-tying skills. Our data suggest that there is significant room for
improvement of the quality and consistency of this important

arthroscopic skill, even for experienced arthroscopic surgeons.

6.1 Introduction

Knot tying is an essential skill for proficiency in arthroscopic
surgery.[221, 222] Arthroscopic knot tying is difficult to teach and to
assess objectively. At this time, most trainees are assessed by visual
inspection of arthroscopic knots, either by direct view or via an
arthroscopic image. Hanypsiak and co-workers[223] recently
demonstrated that even experienced practicing surgeons are relatively
inconsistent when it comes to arthroscopic knot tying. Technical

inconsistency could have a negative impact upon surgical outcomes.

In the laboratory setting, arthroscopic knots (more accurately, the
suture loops created after knot tying) are usually tested with expensive
material-testing devices that allow sophisticated variation of load
magnitude, cyclic versus single pull, loop preload, and the rate of load
application.[222, 224-230] However, these devices are not practical for
day-to-day education of residents and fellows or for continuing medical
education of practicing surgeons. It would be advantageous to have a
cost-effective and relatively simple-to-use tester for objective

assessment of knot performance, as opposed to knot appearance.

In the teaching lab, knot-tying skills are generally developed using knot
tying boards under direct visualization with the trainee’s eyes look
directly at the hands, suture and associated surgical instruments.
However, in the clinical setting, arthroscopic knots and backup hitches
are created outside of the body, delivered through an arthroscopic
cannula, and then tensioned within the joint, with visualization

provided by a two-dimensional video screen. This combination requires
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an integrated chain of complex, psychomotor skills that are performed
in 3-D space with mostly binocular cues.[231] Such skills are best

acquired and rehearsed in a gradual and systematic fashion.[79, 201]

The Fundamentals of Arthroscopic Surgery Training (FAST) Program is
a collaborative initiative of the Arthroscopy Association of North
America (AANA), the American Academy of Orthopedic Surgeons
(AAOS), and the American Board of Orthopedic Surgery (ABOS). The
FAST Program offers a basic arthroscopic motor skills curriculum with
associated teaching modules to facilitate core training in orthopedic
surgery. Itislogical to achieve a baseline level of technical proficiency,

if possible, prior to operating on patients.[232]

The FAST Program curriculum was developed after task deconstruction
of basic arthroscopic skills (available open access at
http://www.aana.org/FAST.aspx). The FAST workstation (Sawbones,
Vashon Island, WA) was custom-designed for training of these skills.
The system allows for initial practice under direct visualization, then
advancing to triangulation through simulated portals under direct
visual control, and finally moving to skill rehearsal through simulated
portals using a video camera, with direct surgeon view eliminated. The
purpose of the present study was to assess the FAST knot tester, and to
establish benchmarks for knot tying proficiency using this system. Our
hypothesis was that the FAST knot tester would facilitate objective,

accurate, and immediate mechanical assessment of knot performance.

6.2 Methods

For all groups in the current study, five consecutive knots were created
by each subject on the FAST workstation using #2 Fiberwire (Arthrex,
Naples, FL) under dry, room temperature conditions via a 7 mm plastic
cannula. Each subject created an arthroscopic knot of their choice,
backed up by three reversed half hitches on alternating posts. Each

suture was labeled, well away from the knot and suture loop, for later
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identification. The five knots were gently placed within a labeled plastic
bag for each subject and set aside for subsequent analysis using the

FAST knot tester.

6.21 Faculty Reference Group 1 (n = 20)

The first group (Faculty) was comprised of twenty experienced
surgeons teaching at a dedicated AANA resident arthroscopy skills
course at the Orthopedic Learning Center (Rosemont, Illinois). This
expert group reported clinical practice experience of 19.9 + 8.25 years

and performed 381 + 150 arthroscopies per year.

6.22 Resident Comparison Groups (n = 44)

Orthopedic surgery residents (PGY4 and PGY5) participated in a
randomized, prospective study of proficiency-based training at the
orthopedic learning center (the AANA “Copernicus Study”, described in
detail in a separate publication[94] that did not include specific
information about knot tying performance, benchmarks, and associated
methodology) Residents were divided into three sub-groups. Group A
included fourteen residents who were instructed on knot tying skills
using standard educational methodology during a regular AANA
Resident’s Arthroscopy Course. Standard educational methodology
included didactic instruction, faculty demonstration, practice with rope,
and progression to knot tying using suture around a metal hook and
then through an arthroscopic cannula, all under direct visualization.
When Group A participants felt ready for testing, each resident used the
FAST workstation and USB camera system to create five arthroscopic

knots in sequence without interval feedback.

Group B included fourteen residents who received similar didactic
instruction as Group A, but they were also allowed to practice knot
tying skills using the FAST workstation / USB camera system until they
were ready to create 5 knots for later testing. Group C had sixteen

residents who received the same didactic instruction and practiced
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with the workstation / USB camera set up. However, Group C residents
were allowed to use the FAST knot tester after each knot was tied
providing immediate performance feedback during the practice phase,
until they were ready to create five test knots. Practice time prior to

knot testing was not a controlled variable for the resident study groups.

6.23 Surgeon Reference Group (n = 30)

Thirty surgeons volunteered to create 5 knots using the FAST
workstation and USB camera set-up at the 2013 AANA Fall Course. For
the purposes of setting the benchmark for resident proficiency (see
below), we only used the faculty from the Copernicus course as the
reference group. We were surprised at the high knot failure rate in the
Copernicus faculty, so we pursued an additional cohort of practicing
surgeons (whether faculty or non-faculty surgeons) from the AANA fall
course. We thought that this would, at a minimum, represent
arthroscopic surgeons in practice, and felt that observations in fifty
practicing surgeons would enhance overall confidence in the
observations. Knots were tested later with no feedback provided to the
surgeon during knot creation. All participants were in clinical practice
for at least one year (maximum 40 years). The group had an average
practice experience of 17.1 + 19.3 years (mean + SD). Ten surgeons
self-reported as course faculty, twelve self-reported as attendees, and

eight surgeons did not indicate whether they were faculty or attendee.

6.24 Study Participants

Each subject was verbally informed about the purpose of the study, and
all volunteers were assigned a unique identification number. All test
knots were labeled using subject identification number (subject name
excluded). The study protocol was reviewed by the Western
Institutional Review Board (WIRB, Puyallup, WA) and deemed to be

exempt.
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6.25 FAST Workstation

The FAST workstation is comprised of a base unit, which
accommodates various snap-in teaching modules that complement the
FAST Program curriculum. The base station can be used for basic skills
practice under direct visualization without the need for triangulation.
Two snap-in dome units allow for skills rehearsal under either direct
visualization with the lucent dome (Figure 6.1) or with video imaging
using the opaque dome (Figure 6.2). Both domes have multiple,
identically-positioned access holes that mimic portal positions and

geometries of knee and shoulder arthroscopy.

Figure 6.1 Fundamentals of Arthroscopic Surgery Training (FAST) base
station with knot-tying mandrel and lucent dome for skills rehearsal

under direct visualization.
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Figure 6.2 Fundamentals of Arthroscopic Surgery Training (FAST)
workstation with opaque dome and light-emitting diode penlight. An
inexpensive USB camera is directed at the knot-tying mandrel, and the
image is displayed on a laptop computer. This arrangement simulates

arthroscopic visualization.

The FAST Workstation has a horizontally-positioned smooth stainless
steel knot tying mandrel for practice with suture (Figure 6.1). The
circumference of the knot tying mandrel matches the first marked
position on the conical loop-sizer of the FAST knot tester (Figure 6.3).
The loop-sizer is calibrated in one millimeter increments in order to
measure up to 5 mm of expansion relative to the knot tying mandrel.
Based upon prior literature,[223, 233] 3 mm or more of loop expansion
was deemed to be a knot failure. This is considered to be an amount of
suture loop elongation that might be associated with biologic healing
failure at the tendon-bone interface following rotator cuff repair.[233,

234]
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Figure 6.3 Conical loop sizer of Fundamentals of Arthroscopic Surgery
Training (FAST) knot tester. The first mark indicates zero loop
expansion, and each subsequent mark reflects 1 mm of additional loop

expansion compared with the knot-tying mandrel.

6.26 Visualization Protocol

In order to mimic clinical conditions, the FAST workstation was
designed for use with an inexpensive USB camera mounted on a stand
(Figure 6.2). For the current study, a high resolution Point 2 View
camera (IPEVO, Sunnyvale, CA) was mounted on its base station and
connected to a laptop computer, which provided the image on the video
monitor (Figure 6.2). The camera was directed at the knot tying
mandrel through a hole in the opaque workstation dome, which forced
subjects to look at the image on the laptop screen during knot tying.
The camera was set at 2X screen magnification using the IPEVO
software. [llumination within the dome was augmented using a
disposable LED penlight (PLED23A, Energizer, St. Louis, MO), although
we found that ambient room light was generally sufficient, due to the

high sensitivity of the USB camera.
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6.27 FAST Knot Tester

The FAST knot tester is comprised of a rigid base with an integrated
spring for application of linear tension to a suture loop (Figure 6.4).
The tester was designed to apply 15 pounds of tension (60 N) based
upon published theoretical modeling of relevant clinical forces, since
direct in vivo measurements of post-operative suture tension are not
available. Burkhart and co-workers[235] estimated that 60 N would be
the maximal force per suture that might be created by muscle
contraction after a balanced suture anchor repair of a medium sized
rotator cuff tear. Peak loads would potentially be greater with an
unbalanced repair or with an abrupt event, such as a postoperative fall.
Number 2 high strength sutures are relatively stiff and the material can
withstand loads greater than 300 N prior to rupture.[224, 228]
Therefore, the 60N load of the FAST knot tester was selected in order to

assess knot performance as opposed to suture performance.

Figure 6.4 Fundamentals of Arthroscopic Surgery Training (FAST) knot
tester. The suture loop is positioned on the 2 tines, and the handle

allows for controlled application of 15 Ib. of longitudinal load.
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After a knot is created on the workstation, the loop is gently slipped off
the knot-tying mandrel and transferred to the conical loop-sizer, which
gives a baseline measurement of the suture loop. The loop is then
transferred to the two tines of the knot tester. One of the tines is solidly
attached to the rigid base. Tension is applied via an actuator handle
connected via a calibrated spring to the other tine. A force gauge allows
the user to apply 15 pounds of axial tension to the suture loop. We
chose 10 seconds of steady force application, because pilot studies
indicated that significant additional loop expansion did not occur
beyond this time point (in fact, most of the loop expansion was
observed within a few seconds of force application). After 10 seconds of
static load, the actuator handle is released, and the suture loop is
removed from the tines and transferred back to the conical loop-sizer.
The calibrated markings are used to assess final loop size compared to
initial loop size. The loop created with a perfect knot would therefore
have zero baseline difference from the knot tying mandrel and zero

expansion following load application.

6.28 Reproducibility of Load Application

A digital force scale with a maximum load capacity of 30 pounds (HS-30,
CCI Scale Company, Clovis, CA) was used to measure the consistency of
load application created by the FAST knot tester. Two sets of 10
measures were acquired by independent observers. One observer
applied 15 pounds of load with the actuator handle for ten seconds
while looking at the force scale of FAST knot tester. The other observer
recorded axial load using the digital force scale after ten seconds. The
force scale was connected by a rigid metal link to the suture tine of knot
tester. The digital force scale was re-zeroed after each pull of the
actuator handle. Roles were reversed for the two observers during the
second set of measurements. Using this protocol, mean force
application measured by the digital force scale was 15.03 pounds, with
mean standard deviation of 0.05 pounds (expressed as the average SD

for two independent sets of ten measures).
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6.29 Statistical Analysis

Logistic regression analysis was used to compare relative differences
between knot tying performance of the three resident trainee groups
and faculty knot tying performance. Statistical significance was

considered at p <.05.

6.3 Results

Performance data from the AANA Copernicus Study participants and
from the AANA Fall Course subjects are presented in Table 6.1 and
Table 6.2, respectively. This information is stratified according to the
number of knots that failed (defined as > 3 mm loop expansion) after 15
pounds of static load applied for 10 seconds. Of the twenty Copernicus
course faculty, twelve had zero knots fail. Four of the faculty had two
knot failures, two faculty had three knot failures, and two of the faculty
had all five of their knots fail on the FAST knot tester. Overall, 24% of
the faculty knots were considered failures. Only one faculty surgeon
tied five consecutive “perfect” knots (zero loop expansion compared to
the knot tying mandrel at baseline and zero loop expansion after 15

pounds of load application).

A similarly high rate of knot failure was noted in the second group of
experienced surgeons (Table 6.2). Overall, for these practicing
surgeons, 21% of the knots were noted to be failures. Five of the 30
participants had three out of 5 knot failures. Taken in aggregate for all
knots tied by faculty and practicing surgeons at the two courses, 56 of

250 knots (22%) were deemed to be failures by mechanical testing.

Overall, the knot failure rate was 26% for the 220 knots that were tied
by the orthopedic surgery residents (Table 6.1). However, the Group C
residents, who were allowed to use the knot tester for feedback during
the training experience, had an overall 11% knot failure rate, which was

exactly one-half the knot rate of the Copernicus Course faculty.
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Data for the Copernicus Course faculty were used to create a proficiency
benchmark for “passing” resident performance. This “passing”
benchmark was applied to the Group C Copernicus Course residents
(the proficiency based progression group, see Angelo et al, 2014 for full
details[94]). Based upon the Copernicus faculty data, we defined a
proficiency benchmark of less than or equal to two knot failures out of

five knot attempts as a “passing” grade.

When we apply these same thresholds to the surgeons in practice at the
Fall Course (Table 6.2), with the bar set at less than or equal to two knot
failures out of five attempts, five of the thirty surgeons (17%) would

have missed the “passing” mark.

Relative to the Copernicus Course Faculty, Groups A and B were more
likely to have their knots fail, but these differences were not statistically
significant (logistic regression analysis, Group A versus Faculty, p =
0.384; Group B versus Faculty, p = 0.07). In contrast, residents in Group
C were less than half as likely to have their knots fail in comparison to
the faculty reference group (Odds ratio = 2.84) and this difference was
found to be statistically significant (p = 0.013). Logistic regression
analysis was also used to compare the relative differences between the
three trainee sub-groups, using standard training (Group A) as the
reference. There was no statistical difference between Groups A and B
(Odds Ratio = 0.725, p = 0.372). In contrast, Group C residents were
almost four times as likely to have their knots pass as Group A (0Odds

ratio = 3.857, p = 0.002).

If we apply a proficiency threshold of no more than two knot failures of
five trials (as described above), 6 out of 44 of the orthopedic residents
fell below the “passing” bar (14%). Of note, fifteen out of sixteen Group
C residents (94%) exceeded the “passing” threshold; this was the best

performance for any sub-group of the current study.
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6.4 Discussion

The FAST workstation and FAST knot tester facilitated direct, objective
measurements of arthroscopic knot-tying performance. Overall, 22% of
knots tied by practicing surgeons “failed” using this testing protocol. A
proficiency-progression training protocol resulted in improved resident
knot tying skills (11% knot failure rate) compared to standard training

methodology,

The FAST Program provides core education for orthopedic surgery
residents, fellows, and practicing surgeons who wish to develop and
enhance their arthroscopic motor skills. The FAST Program is intended
to create and enhance robust psychomotor skills, right from the outset
of training. It is relatively difficult to correct bad surgical habits once
they are firmly established.[79, 201] Many surgical skills can be trained
outside of the operating room in an efficient and cost-effective manner
that maximizes educational quality and eliminates patient morbidity.
There has been a significant shift toward structured simulation training,
including recent simulation mandates by the American Board of
Orthopedic Surgery and the Orthopedic Residency Review Committee
of the ACGME.[236-238] The FAST Program was designed to satisfy
these educational mandates for arthroscopic surgery with a cost-

effective, practical, modular system.

In the traditional approach to training, operative skills were acquired in
an apprentice model of training that meant that learning was
serendipitous. Resident experience was affected by when they were on
duty, which patients and procedures they encountered, and who was
supervising and mentoring them. It also relied on learning by repeated
practice.[239] The proficiency-progression approach to training,
afforded by technologies such as FAST, encourage a ‘deliberate practice’
approach.[79, 240] This means the trainee receives objective metric-
based feedback on THEIR performance proximate to the measured task,

thus augmenting the learning experience for them. Seeing knots slip
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when pulled is a very impactful learning experience, even for very

experienced surgeons.

For decades, orthopedic educators have been using knot-tying boards
with rope and suture to train arthroscopic knot tying. In most cases,
proficiency assessment has been based upon subjective, visual
observation of the knot tying process and the visual appearance of the
surgical knot.[241-251] However, what is most important, in terms of
surgical outcome, is knot performance as opposed to knot appearance.
A “pretty” knot has no clinical value if it doesn’t hold under physiologic

loads.

Prior to the current study, biomechanical assessment of sutures and
knots has generally been restricted to analyses with sophisticated
material testing devices (MTS, Instron, etc.). These devices are quite
expensive and they are impractical for day-to-day training applications.
However, they do have advantages for complex load application
paradigms, including cyclic load protocols. Nonetheless, we thought
that it would be advantageous to create a very simple and inexpensive
knot tester that could be used on the educational front lines. The FAST
knot tester was not designed to be a sophisticated bioengineering

research tool.

It should be emphasized that the level of load application (15 pounds)
for the FAST knot tester was specifically selected for testing of high
strength #2 sutures used commonly during many arthroscopic
procedures. The knot tester could be adapted with different spring-
loads in order to assess performance of other suture materials.
Objective proficiency benchmarks could be established for various
sutures under specific performance conditions. This strategy is
relevant to training and objective assessment of surgical knot-tying
across the medical spectrum, since knot tying is a pervasive technical

skill requirement for most procedural specialties. The FAST approach
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to measurement and quality assurance, by achieving performance
benchmarks before training progression, fits well with the
recommendations of the Institute of Medicine (IOM) report on Graduate
Medical Education.[252] The IOM proposed that medical education
should move away from training that is process driven (i.e., time in
training, number of procedures completed, duration of rotation) to an
‘outcome’ driven enterprise.[96] This means that trainees would be

required to demonstrate a benchmark performance level.[201]

We were quite surprised by the high incidence of knot failures in the
current study, for course faculty and surgeons in practice. Subsequent
to our data collection, Hanypsiak and co-workers[223] published
similar observations in their study of 73 expert orthopedic
arthroscopists who tied 365 individual knots with #2 Fiberwire suture.
In their study, surgeons created knots under direct visualization,
without magnification or video control, and the knots were tested using
a sophisticated electromechanical dynamic testing system. The authors
observed significant variation between surgeons and between knot
configurations. Perhaps even more important, they concluded that
“considerable variation and inconsistencies in knot strength exist
between arthroscopic knots of the same type tied by the same
surgeon.”[223] Individual subject performance inconsistency was also
noted in the current study for knots created by experts under video
control through arthroscopic cannulas. The observations of Hanypsiak
et al[223] and the findings of the current study are extremely
important, because technical consistency is a hallmark of surgical

proficiency and patient safety.

We used the performance data for our expert faculty surgeons to create
objective proficiency benchmarks that could be applied to resident and
fellow training. Proficiency benchmarks must be reasonable and
achievable. It wouldn’t make sense to set benchmarks that are

unachievable for a high percentage of competent, experienced
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surgeons. Given the relatively high incidence of knot failure for our
experienced surgeons, we defined a proficiency benchmark of no more
than two out of five knot failures to achieve a “passing” score for
residents. Of course, surgeons should strive for technical perfection,
with zero knot “failures”, and we observed that level of high
performance for some of our expert subjects. However, our data
suggests that many arthroscopic surgeons (even experienced and
expert surgeons) have substantial opportunities for improvement.
Such opportunities are facilitated by direct, objective, and immediate

performance feedback.

Based upon the Copernicus faculty data, we defined a proficiency
benchmark (a “passing grade”) of less than or equal to two knot failures
out of five knot attempts. If the threshold had been set to no more than
one failure in five attempts, eight of our own Copernicus faculty (40%)
would have fallen below the “passing” bar (see Table 6.1). We thought
it was important to avoid unrealistic and/or unachievable proficiency
benchmarks for the residents, so we selected the more lenient
proficiency standard of no more than two knot failures out of five knot
attempts. For the surgeons in practice at the Fall Course (Table 6.2), if
the threshold was set at less than or equal to one knot failure in five
attempts, nine of thirty surgeons in practice (30%) would not have
“passed”. These data further support use of the more lenient

proficiency standard for training purposes.

Overall, the knot failure rate was 26% for the 220 knots that were tied
by the orthopedic surgery residents (Table 6.1). Surprisingly, this
failure rate was not dramatically different than the overall failure rate
for our faculty and surgeons in practice. However, the Group C sub-
group (who were allowed to use the knot tester for feedback during the
training experience) had an overall 11% knot failure rate, which was
significantly better than the Copernicus Course faculty (p = 0.02). We

were impressed by the strong performance of the Group C proficiency-
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progression sub-group (Table 6.1). These residents could assess their
performance based upon direct proximate feedback, make adjustments
in knot tying technique, and then see for themselves whether their
performance had improved. That approach appears to have resulted in

substantial enhancement of this group’s performance.

Based upon our observations and the recent findings of Hanypsiak et
al,[223] we believe that it would be very challenging to objectively
assess knot performance using video review of arthroscopic
procedures. Some overt suture failures are easily observed. For
example, it is visually obvious when sutures break or entangle, or when
there is an overly loose suture loop that doesn’t indent soft tissue.
However, our findings suggest that some “visually acceptable” knots
may fail under relevant mechanical loads, even in the hands of very

experienced surgeons.

6.41 Limitations

One of the limitations of the present study was that we did not afford
opportunities for self-directed performance feedback to our faculty
surgeons or to the practicing surgeons at the AANA Fall Course. This
study did not involve a homogeneous population of faculty and
practicing surgeons, with prior clinical experience ranging from one to
forty years of practice. We did not assess transfer of motor skills to the
clinical situation, nor did we examine same-subject test/retest
consistency. Maximum practice time prior to knot testing was not a
controlled variable. This study was not designed to compare
performance differences according to knot type, because we wanted
each subject to select their own base knot based upon personal
preference and experience. Previous research has looked at
biomechanical performance variation as a function of knot type, and it
was not our purpose to examine this question. During the study design
phase, the authors recognized and discussed the implications of

variation of base knot by each study participant. We wanted our
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subjects, particularly our faculty and experienced surgeons, to pick the
base knot that he/she would be most comfortable tying. We did not
want to impose a particular knot choice because we were concerned
that individual performance could be adversely affected by asking
subjects to tie knots that they were unaccustomed to, thereby
introducing greater data variability. The current study was not
designed to cross-correlate knot performance with knot “appearance”.
These are important study limitations and represent opportunities for

further work.

6.5 Conclusions

The FAST workstation and knot tester offer a simple and reproducible
educational approach for enhancement of arthroscopic knot-tying skills.
Load-displacement of the suture loop is a direct reflection of
mechanical performance of the surgical knot. There is significant room
for improvement of the quality and consistency of this important

arthroscopic skill, even for experienced arthroscopic surgeons.
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Table 6.1
Knot Tying at the AANA Resident’s Copernicus Course

Knot Failure defined as > 3 mm loop expansion with 10 seconds of 15#

load

Group A Residents Group B Residents Group C Residents
Faaulty (n = 20) (n = 14) (n = 14) (n =16)

Years in practice, mean = SD (range) 19.9 £ 83 (4-32)
Knot performance, n

0 of 5 failed 12 3 3 11

1 of 5 failed 0 3 5 2

2 of 5 failed 4 7 2 2

3 of 5 failed 2 0 1 1

4 of 5 failed 0 1 1 0

5 of 5 failed 2 0 2 0
No. of knots that failed 24 of 100 (24%) 21 of 70 (30%) 26 of 70 (35%) 9 of 80 (11%)

NOTE. Knot failure was defined as 3 mm of loop expansion or greater with application of 15 Ib of load for 15 seconds.

Table 6.2
Knot Tying at the 32nd AANA Fall Course

Knot Failure defined as > 3 mm loop expansion with 10 seconds of 15#

load

Surgeon Faaulty or Attendee Total for All
Faculty (n = 10) Attendees (n= 12) Not Defined (n = 8) Participants (n = 30)

Year in practice, mean £ SD (range) 20.5 £7.6 (3-30) 14.6 = 12.4 (1-40) 19.0 £9.3 (9-32) 17.1 £ 19.3 (1-40)
Knot performance, n

0 of 5 failed 5 3 4 12

1 of 5 failed 3 3 3 9

2 of 5 failed 1 3 0 4

3 of 5 failed 1 3 1 5

4 of 5 failed 0 0 0 o

5 of 5 failed 0 0 0 0
No. of knots that failed 8 of 50 (16%) 18 of 60 (30%) 6 of 40 (15%) 32 of 150 (21%)

NOTE. Knot failure was defined as 3 mm of loop expansion or greater with application of 15 Ib of load for 15 seconds.
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7.1 “Proficiency-Based Progression Training Curriculum Coupled
With a Model Simulator Results in the Acquisition of a
Superior Arthroscopic Bankart Skill Set” Angelo RL, Ryu RKN,
Pedowitz RA, Beach W, Burns J, Dodds ], Field, Getelman M,
Hobgood R, McIntyre L, Gallagher AG. Arthroscopy 2015;
33:1854-1871. Appendix 9

(Candidate is the first and primary author)

Abstract

Purpose: To determine the effectiveness of proficiency based
progression (PBP) training using simulation compared to both the same
training without proficiency requirements and to a traditional resident

course for learning to perform an arthroscopic Bankart repair (ABR).

Methods: In a prospective, randomized, blinded study, 44 PGY 4 or 5
orthopedic residents from 21 approved US orthopedic residency
programs were randomly assigned to one of three skills training
protocols: Group A: Traditional (control, N = 14)(routine AANA
Resident Course); Group B: Simulator (N = 14)(modified curriculum
adding a shoulder model simulator); or Group C: Proficiency Based
Progression (N=16)(PBP plus the simulator) for learning an ABR. At the
completion of training, all subjects performed a 3 suture anchor ABR on
a cadaver shoulder, which was videotaped and scored in blinded

fashion using previously validated metrics.

Results: The PBP trained Group C made 56% fewer objectively
assessed errors than the traditionally trained Group A (p = 0.011) and
41% fewer than Group B (p = 0.049)(both comparisons significant).
68.7% of those in Group C achieved the proficiency benchmark on their
final repair compared to 36.7% of Group B and 28.6% of Group A.
Group B participants were 1.4 times as likely, Group C 5.5 times, and
Group CPBP (who met all intermediate proficiency benchmarks) were
7.5 times as likely to achieve the final proficiency benchmark than

Group A.
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Conclusions: A PBP training curriculum and protocol, coupled with the
use of a shoulder model simulator and previously validated metrics,
produces a superior arthroscopic Bankart skill set when compared to

traditional and simulator enhanced training methods.

Clinical Relevance: Surgical training combining PBP and a simulator is
efficient and effective. Patient safety could be improved if surgical
trainees participated in PBP training employing a simulator before

treating surgical patients.

7.1 Introduction

Changing work patterns and a reduction in hours available for
training[217, 253] have forced the surgical community to consider new
methods to augment and enhance training. Surgical simulation-based
training, first proposed by Satava in 1993[26] as a potential solution to
this problem, has developed in sophistication and adoption amongst
medical education and training communities.[204, 254] The first
prospective, randomized, double-blind clinical trial of simulation-based
training for the operating room demonstrated that surgical residents
trained to a “proficiency benchmark” (Table 3.1) on a virtual reality
simulator made significantly fewer objectively assessed intra-operative
errors (Table 3.1) when compared to the control group.[22] The reader
is referred to Table 3.1 for a list of terms used throughout this article.
Gallagher et al.[201], and Gallagher and O’Sullivan,[79] have argued
that simulation based training is optimal when trainees are given
precise feedback on their performance with specific recommendations
for improvement, proximate to the performance. They have also
suggested that trainees be provided a quantitative performance
benchmark to work toward and that this benchmark should be a valid
representation of a clinically important performance characteristic or
task. Thus, trainees must demonstrate the ability to meet specific

performance benchmarks before they are permitted to progress in
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training (proficiency-based progression training [PBP]”) (Table 3.1).
The effectiveness of this methodology is well supported.[22, 198, 208]

We sought to study the effectiveness of proficiency-based progression
(PBP) training plus simulation for the acquisition of surgical skills. For
the patient with unidirectional anterior instability due primarily to a
Bankart lesion (capsulolabral detachment from the anteroinferior
glenoid) without significant bone loss, a suture anchor repair
employing 3 implants is a commonly accepted method utilized to obtain
a successful patient outcome.[188, 190, 255-259] In addition, the
essential components of the procedure are well outlined regardless of
whether the patient is placed in the lateral decubitus or beach chair
orientation.[89, 193] Thus, an arthroscopic Bankart repair was selected

as the platform for this research.

The investigation into PBP training plus simulation required the
development and validation of 3 separate, specific tools to conduct the
analysis. The first component to be created was a “metric tool” (Table
3.1), which could objectively and accurately characterize an ABR, by
clearly defining the essential “steps”, “errors”, and “sentinel errors”
(more serious) (Table 3.1) for a standard reference repair. The metric
tool created was demonstrated to have “face” and “content
validity”[260] (Table 3.1) using a “modified Delphi panel” (Table 3.1)
methodology.[65] Second, a “training tool” (a shoulder model
simulator coupled with the ABR metrics) was shown to have “construct
validity” (Table 3.1), demonstrating the ability to distinguish between
novice and experienced surgeon performance. A proficiency benchmark
for the use of the metrics with the simulator was established.[93]
Lastly, an “assessment tool” (a cadaver shoulder coupled with the ABR

metrics) was evaluated and also shown to have “construct validity”

(Table 3.1).[66]
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The purpose of this study was to determine the effectiveness of
proficiency based progression training using simulation in comparison
to both the same curriculum without the proficiency requirements as
well as to a traditional AANA Resident Course for learning to perform
an arthroscopic Bankart repair. We hypothesized that a training
protocol coupling proficiency based progression training with a
shoulder model simulator would be superior to an identical curriculum
using a simulator, but without the need to demonstrate proficiency as
well as to a traditional curriculum with no simulator or proficiency

requirements.

7.2 Methods
7.21 Participants/Subjects

44 PGY (Post Graduate Year) 4 or 5 residents from 21 ACGME
(Accreditation Council for Graduate Medical Education) approved
orthopedic residency training programs from across the US
participated. All subjects were assigned a unique identifying number
which gave no indication of their post-graduate year, residency
program or study group. The Western Institutional Review Board
(WIRB) opined (#1-776362-1) that as an educational curriculum study,
it was “Exempt” from the need for full IRB approval (criteria: 45 CFR
46.101(b)(1)). The study protocol was registered with the NIH
(ClinicalTrials.gov: #NCT01921621) prior to initiating the investigation.
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Prospective, randomized, blinded comparisons for intra-operative
performance of a Bankart procedure

Group A: Random Group B: Random Group C:

i : 3 llocati
Control ellochslon Simulation Ia g PBP

Online Orientation Video Test toProficiency

l Baseline assessment: psychomotor, perceptual and visio-spatial performance l
3

Lectures / Knot Lectures / Knot Lectures / Knot Tying:
Tying Practice Tying Practice Test to Proficiency
Train on Simulator /
Test to Proficiency

l Practice Arthroscopic Bankart Skills on Cadaver l

l Perform Assisted / Unaided Bankart Repair on Fresh Cadaver (video) I

Independent reviews of videos in pairs blinded to group (IRR =0.93)

Figure 7.1 Study pathways for 3 separate training protocols, Groups A
(traditional training - control), Group B (simulation enhanced), and
Group C (proficiency-based progression training plus simulation); All
groups underwent baseline assessments followed by lectures on knot
tying, but only group C was required to pass a cognitive exam on the
metrics and to test to proficiency on knot tying; Groups B and C trained
to perform an arthroscopic Bankart repair (ABR) on a model simulator,
but only Group C had to test to proficiency; All 3 groups trained /
practiced an ABR on a cadaver; All participants from each group
performed an unaided ABR on a fresh cadaver shoulder which was

videotaped and scored in blinded fashion.
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Trial design
Random
assignment

m N=12 N=14 N =12 (CP8P) s=4% ) m
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Assisted but Unaided Video-recorded Bankart Cadaver Repair
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complete index N =14 N =14 N =16 demonstrate complete index
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and knot knot tying
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9, weekend course proficiency
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8 Bankart Shoulder P n=4*
— course Shoulder Model to N=2
-g Model proficiency
Q 1 I I
. 4
Q
2

Independently Assessed by two Experienced Faculty

Figure 7.2 Participant Flowchart: Shows participant flowchart
detailing that 2 of 14 participants in Group A were unable to complete
the procedure; one Group C subject could not complete knot tying to
proficiency, and 4 Group C resident were unable to demonstrate
proficiency on the shoulder model simulator. The Group C subject who
failed both the knot tying and model proficiency also failed to complete
the final Bankart repair. The remaining 12 subjects from Group C,
designated Group CPB? who met all intermediate proficiency
benchmarks would be the only ones allowed to progress per the PBP

protocol.

7.22 Bankart procedure performance metrics

The surgical residents were evaluated on their skill in performing an
arthroscopic Bankart repair on a cadaver specimen. Previously
validated “performance metrics” (Table 3.1) formed the basis of that
evaluation and include 45 key steps with related steps grouped into one
of 13 “phases” (Table 7.1) of the procedure[65] (Table 3.2). 77 potential
errors to be avoided were specified (Table 3.3). 20 of those errors were
designated as more serious, or “sentinel” errors either because, 1) their

enactment had the potential to seriously compromise the success of the
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procedure, or 2) the error had the potential to create significant
iatrogenic damage to the shoulder. The metrics were clearly defined
with beginning and endpoints for each step, as well as precisely, what
did and did not constitute each potential error. All subject surgeons
and faculty were provided a link on the AANA website to 2 full-length
orientation videos, one each in the lateral decubitus and beach chair
orientations. Access was available four weeks prior to the course in
which they were participating. Each video demonstrated all of the
steps, in addition to either demonstrating or specifically identifying

each of the potential errors (including sentinel errors) to be avoided in

performing an arthroscopic Bankart repair safely.

Figure 7.3 AANA F.AS.T. (Fundamentals of Arthroscopic Surgery
Training) workstation with multiple potential portal sites in an opaque
dome covering a mandrel around which knots are tied via an
arthroscopic cannula (inset picture on the laptop screen). A USB
camera (IPevo - Sunnyvale) directed through a window, projects an

image of the inside of the dome onto a laptop computer screen.
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7.23 Baseline Assessments

To ensure homogeneity among the 44 subjects, all residents completed
previously validated assessments of their visuo-spatial,[22, 261]
perceptual,[22, 262], and psychomotor([75, 263, 264] abilities (Table
7.1). Visuo-spatial ability is one component of cognitive function that is
related to the capacity to process and interpret visual information
about where objects are in space. In this assessment, a pencil is used to
create the shortest and most appropriate route between two specific
points on a block grid street map. A possibility of 20 correct routes
between various points existed for each test. The number of correct
routes created in a 2-minute time period was scored. Each registrant
completed 2 tests. Perceptual ability refers to the capacity to identify,
organize, and interpret sensory information about visual depth of field.
It is assessed with a computer generated and scored task requiring the
subject to orient the axis of a spinning cone perpendicular to a
designated face of a cube. Each of 30 trials places the cube in a different
3 dimensional orientation. Psychomotor ability refers to the capacity
for coordinated activity involving the arms, hands, fingers, (and
potentially movement of the feet). Performance was assessed using a
lighted endoscopic box trainer with a fixed overhead view projected
onto a laptop screen. A 4 X 8 inch piece of paper had a series of 1 inch
long parallel lines drawn perpendicular to and along the long boarder
of the sheet. Each of 30 parallel lines was separated by 10 mm.
Instruments were passed through openings in the front of the box
trainer. An endoscopic grasper was controlled by one hand and used to
hold the paper within the box. Endoscopic scissors were controlled by
the other hand and used to make cuts in the paper between the
designated lines. The number of accurate paper cuts (between, but not
touching parallel lines) able to be made in 60 seconds was tabulated.
Two trials were run, one with the scissors in the dominant, and the

other with them in the non-dominant hand.
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7.24 Study Groups

During the weekend courses, all groups were provided similar
background shoulder instability lectures which focused on indications,
contra-indications, and case-based examples. References to surgical
technique were avoided in the lecture presentations. Each of the three
groups had separate, dedicated, experienced Master and Associate
Master AANA faculty members who worked closely with that cohort of
residents. The duration of training was similar for each of the three
groups. The 3 training curriculums are outlined in Figure 7.1. All
training was conducted at the Orthopedic Learning Center (OLC) in

Rosemont, IL.

Group A (Traditional - Control)

Group A was derived from a cohort of PGY 4 and 5 residents who had
independently registered for a 3 day AANA Resident course at the
Orthopedic Learning Center (OLC - Chicago). The curriculum involved
equal time spent on the practice of knee and shoulder procedures,
which included an arthroscopic Bankart repair. The registrants of the
course were given the opportunity to be involved in the study, but were
not required to do so. A cohort of 14, of a total of 48 residents
registered, elected to participate in the research project and complete

an arthroscopic Bankart repair at the end of their course of training.

The 14 subjects in Group A served as the control group and followed an
agenda typical for an AANA Residents’ Course (Figure 7.2). The
curriculum included lectures on various topics including shoulder
instability. Knot tying skill was practiced under the direction of an
experienced faculty member. Both sliding and non-sliding knots as well
as Y hitches to secure the primary knot were practiced. Knot tying
boards provided the opportunity to tie knots around hooks using large
cord and / or #2 Fiberwire suture (Arthrex, Naples). In addition,

practice tying suture knots and delivering them down an 8.5 mm
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arthroscopic cannula was afforded. Finally, knots could be created and
delivered through a cannula with the loop around a mandrel (smooth
bar) using the AANA FAST Workstation (Fundamentals of Arthroscopic
Surgery Training) (Figure 7.3). The opaque dome eliminated direct
surgeon view of the knot being tied and required the use of
triangulation skills. A small USB camera was directed through a
window in the dome with the image viewable on a laptop computer
screen. The field of view contained the knot being tied. The subject
surgeon had the opportunity to spend as much time practicing knots as
desired and until they believed they were proficient. A series of 5 knot

trials were then tied and labeled in sequence for later testing.

Study in the lab using a cadaver specimen then followed under the
direct supervision of an experienced faculty member with knowledge of
the Bankart metrics. Fresh frozen specimens with a complete shoulder
girdle from the scapula to the mid-humerus with associated soft tissues
were used. After appropriate thawing, the scapula was mounted with a
clamp in the surgeon’s orientation of preference (lateral decubitus vs.
beach chair). Bony landmarks were identified and marked with a
surgical pen, portals established, and a diagnostic arthroscopy
performed. An arthroscopic Bankart repair was generally the first
intra-articular procedure studied. After a Bankart lesion was created,
practice was conducted in the steps necessary to mobilize the
capsulolabral tissue and complete a 3 anchor repair. Standard
instruments for an arthroscopic Bankart repair were made available. A
450 cannulated suture hook was the primary tool used to deliver
sutures through the capsulolabral tissue. Single-loaded push-in anchors
and a simple loop suture pattern were employed. The resident was able
to continue with guided study on the Bankart repair as long as desired
and until they believed they were proficient. Subsequently, additional

arthroscopic shoulder procedures could be electively studied as well.
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Group B (Simulator)

Multiple, randomly selected residency program coordinators were
notified of the opportunity for their residents to participate in this
proficiency based progression training study. The first 32 PGY 4 and 5
residents to register became study participants. Training for Groups B
and C was conducted concurrently at the OLC, but on a different
weekend from Group A. Of the 32 pre-registered subjects, 16 were
randomly assigned to one of two training protocols (Group B or ()
based on a computer generated random allocation[265] (Figure 7.2). Of
the 16 residents randomized to Group B, 2 who were pre-registered
failed to show up for the week-end course, thus, N = 14 for Group B.
The residents in Group B engaged in knot tying study and practice
similar to that for Group A until they believed they were proficient. A
series of 5 knot trials were then tied and labeled in sequence for later
testing. Group B participants were afforded the additional opportunity
to train and practice an arthroscopic Bankart repair using a dry
shoulder simulator (Figures 7.4 A & B) secured in the orientation of
surgeon preference.[93] A standard equipment tower with a 300
arthroscope was provided along with all instruments necessary to
complete an arthroscopic Bankart repair. The model was composed of a
dense plastic endoskeleton palpable through simulated skin and soft
tissues. Posterior, anterosuperior, and mid-anterior portals were
created. A glenoid, humeral head, biceps, capsule and labrum, in
addition to Bankart and Hill-Sachs lesions, were present and provided
the opportunity to complete all of the steps demonstrated on the
orientation videos for an arthroscopic Bankart repair. Work continued
on the simulator as long as desired and until the resident believed they
were proficient with the steps and sequences of the capsulolabral
repair. Further study and the guided practice of the steps for an
arthroscopic Bankart repair on a cadaver specimen then followed and
continued as long as the participant desired and until they believed

they were proficient.
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A B.

Figure 7.4A: Exterior view of the anterior aspect of a left shoulder
model simulator

supported in the beach chair orientation; hook probe is delivered
through a midanterior portal. Figure 7.4B: Arthroscopic view from the
anterosuperior portal of a left shoulder in the lateral decubitus
orientation; the second anchor is in place with its sutures coursing
toward the posterior portal; a suture hook device passes through the
midanterior portal pierces the labrum and delivers a monofilament

suture (to be used later for shuttling).

Group C (Proficiency-Based Progression)

All residents randomized to Group C attended the course (N = 16) and
were exposed to a protocol identical to that of group B with the
additional requirement of demonstrating proficiency at various stages
of the training (Figure 7.2). Each of the individual proficiency
benchmarks for the procedural components was established based on
the mean performance of separate groups of experienced surgeons on
the specific exercise.[22, 66, 79, 93, 198, 201, 208] After arriving at the
Orthopedic Learning Center, if the registrant had not yet taken and
passed the cognitive test online covering the validated metric steps and

errors demonstrated on the orientation videos, they were required to
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do so on site. A minimum score of 84% was required to pass. Those
who initially failed continued to study the material and were provided

additional faculty instruction.

Knot tying study progressed in a manner similar to Groups A and B.
Once the resident believed they had mastered the knot tying skills, they
had the opportunity for the integrity of their knots to be tested using
the FAST Workstation knot tensiometer[35] if desired. To pass, the loop
/ knot construct had to elongate < 3 mm when subjected to a static load
of 15# for 15 seconds. The benchmark was set at a minimum of 3 / 5
knots meeting this standard. Once the formal testing process began, the
subject tied 5 knot trials, which were labeled in sequence. All 5 were
then tested using the tensiometer. Those subjects, who failed, continued
to practice until confidence was gained, and then the testing sequence
was repeated with a new series of 5 knots being tied. This process
continued until the resident achieved proficiency or was unable to do so

and failed to demonstrate progressive improvement in the knot tying

skill set.[35]

Work and practice then began with the same shoulder model simulator
used by Group B. The model was oriented according to physician
preference. Landmarks were identified and posterior, midanterior, and
anterosuperior portals were established. After a diagnostic examination
was performed, the steps for a 3 anchor Bankart repair were practiced.
The faculty instructors provided proximate feedback and recommended
corrections based on the previously defined step and error metrics
demonstrated on the orientation videos. Practice and faculty feedback
continued through a complete procedure until the subject and their
faculty instructor both believed they had adequately prepared for

testing.
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A new simulator model was then oriented in the resident’s position of
preference. Equipment representatives from multiple different vendors
served as surgical assistants and were randomly assigned to
participating surgeons. The assistants were instructed to act only at the
specific direction of the operating surgeon. Prompting and coaching (of
technique) were prohibited (the procedures were proctored by staff
from the Orthopedic Learning Center). The resident surgeon then
proceeded to complete a diagnostic evaluation, and perform a 3 anchor
arthroscopic Bankart repair attempting to mimic the key steps
identified on the orientation videos. Using the Bankart metric score
sheet, one of six designated faculty members, intimately familiar with
the Bankart metrics, scored the subject in real time during the
arthroscopic repair on the simulator model. The benchmark for a
passing score in the shoulder model was established from a prior
study[65] and included a 3 anchor repair with no more than 4 total
errors, and no more than 1 sentinel error. If a resident failed to meet
the benchmark, the faculty who scored the model test, the assigned
training instructor, and the resident all conferred together to identify
the specific deficiencies exhibited and the appropriate corrections. The
subject then worked toward acquisition of the requisite skills with
instructor guidance. When confident, they were given 1 additional
opportunity to repeat the scored procedure on a new model. In a
normal proficiency based progression protocol, residents who failed to
meet each of the intermediate proficiency benchmarks would not be
allowed to progress in training and would require additional practice
until the deficiencies were corrected (and would not have been allowed
to progress on to working with the cadaver). However, given the
artificial finite time constraints of the study weekend, all Group C
participants, regardless of persistent deficiencies, were allowed to
proceed on to practice with a cadaver specimen and guided instruction

similar to Groups A and B.
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7.25 Final Videotaped Bankart Repair Assessment

At the completion of their respective courses, the subjects from each
group performed an assisted, unaided arthroscopic diagnostic
survey and a 3 anchor Bankart repair on a fresh cadaver shoulder.
The cadaver specimens were considered acceptable if: 1)
arthroscopic visibility of the target tissues was obtainable; 2) the
specimen (flexibility) permitted adequate access to the target
tissues; and 3) the integrity of the capsulolabral tissues was
sufficient to permit mobilization, suture delivery and knot-tying. All
necessary instrumentation and implants were made available.
Residents participating in the course served as assistants for each
other. They were instructed to act only at the request of the
operating surgeon and were prevented from coaching or prompting.

The OLC staff proctored the procedures for compliance.

The procedure was videotaped in its entirety beginning with the
initial view from the posterior portal. The resident surgeon mapped
the bony landmarks and then created their preferred portals. All or
a portion of the diagnostic exam was completed. The arthroscope
was withdrawn and a red card videotaped for 5 seconds to signal
that the subject surgeon was no longer operating. One of 4
designated faculty members then reintroduced the arthroscope and,
using a sharp elevator from either the anterosuperior portal,
midanterior portal, or both, created a standard Bankart lesion, 6 - 9
mm deep (medial from the bony rim) and from 2 - 6 o’clock along
the glenoid. Once the Bankart lesion was created, care was taken to
avoid additional mobilization of the capsulolabral tissue. The
arthroscope was then withdrawn and a green card videotaped for 5
seconds signaling that the subject surgeon was operating for the
balance of the procedure. The arthroscope was reintroduced into the
glenohumeral joint by the subject surgeon, and any remaining
elements of the diagnostic survey completed. A 3 anchor Bankart

repair was then performed attempting to mimic the steps
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demonstrated in the orientation video and practiced in the

simulation model.

All subject surgeons used identical implants: single-loaded (2.8 mm)
Gryphon push-in anchors loaded with #2 Orthocord (DePuy Mitek,
Raynham). A 459 cannulated suture hook was used to deliver a
shuttling device with retrograde passage of the anchor sutures through
the capsulolabral tissues. Prior to beginning work on their final scored
Bankart repair, instructions were given to all residents regarding the
protocol for anchor pullout from cadaver bone. If an anchor failed prior
to completion of the index sliding knot, the surgeon was permitted to
remove the anchor and suture, and replace it with a metal 5.5 mm
screw-in anchor (Smith and Nephew, Andover). The procedure then
continued with no penalty. The time required for the reintroduction of
the screw-in anchor and re-passage of the anchor suture through the
capsulolabral tissue was subtracted from the total procedure time. If
the anchor failed subsequent to the initial sliding knot being completed
(i.e., efforts to back up the primary knot with half hitches), the surgeon
was instructed to abandon the first anchor position and proceed on to
the second anchor position. No time limit was imposed on the
performance of the Bankart repair and each participant was able to
continue to work as long as they believed they were making progress.
At the point in the procedure that the subject surgeon did not believe
they could make further progress in the Bankart repair, they could

electively choose to terminate the procedure.

7.26 Video Reviewer Training

Once the construction of the metrics for an arthroscopic Bankart repair
was completed and face and content validity verified[65], a final version
of a score sheet was formatted. 10 AANA Master / Associate Master
faculty surgeons formed the panel of reviewers designated to score the
videos. This group included the 3 arthroscopic surgeons (RLA, RKNR,

RAP) who, in conjunction with a consultant experimental psychologist
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(AGG), developed the arthroscopic Bankart metric “definitions” (Table
3.1). The ten reviewers were randomly assigned to form five fixed
pairs, which remained constant throughout the scoring of all videos.
Reviewer training was initiated with an 8-hour in-person meeting
during which time each metric was studied in detail. Multiple video
examples of live patient cases were shown to illustrate each particular
metric. Videos of the patients in both the lateral decubitus and beach
chair orientations were represented. Discussion helped to clarify how
each step and error was to be scored, including the nuances and
conventions to be used. Several weeks later, full-length practice videos
# 1 and 2 (one each in the lateral decubitus and beach chair
orientation) were sent to and independently scored by each of the 10
reviewers, and the scores tabulated. In two subsequent 2-hour group
phone conferences, the differences and discrepancies amongst all
reviewers were compared and discussed seeking conformity in scoring.
In addition, each designated pair of reviewers conducted one to three
additional phone conferences to analyze the specific instances in which
the two of them scored particular events differently. Subsequently, all
reviewers scored practice videos #3 and #4 and the results were
tabulated (each patient orientation again represented). The scores for
each of the 5 designated pairs of reviewers were compared for the
second set of practice videos. In only 1 of 10 comparisons (2 videos X 5
reviewer pairs) did the “inter-rater reliability” (Table 3.1) calculation

(see below) fall below an acceptable level[79] of 0.8 at 0.76.

7.27 Video Scoring

The AANA research coordinator randomly assigned the 44 full-
length study videos, each with only the designated unique
identifying number attached, to a single pair of reviewers. Other
than the research coordinator and the study consultant, all video
reviewers remained blinded to the source of the video being
reviewed. Each video was independently reviewed and scored by the

two members of an assigned pair of reviewers. All scores were
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tabulated for each of 13 phases of the procedure. Each step and
error metric was scored as either a “yes” or “no”, designating
whether the specific event was or was not observed to occur by the
reviewer. In addition to scoring steps and errors, each event
characterized as “damage to non-target tissue” (DNTT) (Table 3.1),
was scored (i.e. gouging the articular cartilage; or tearing of the
capsule). There was no limit to the number of individual instances
DNTT could be scored, with each occurrence tallied as a single error
event. The score sheet also contained a box for specific reviewer

comments for each metric.

7.28 Score Tabulation

For each of the 13 separate phases of the procedure, the # of
‘uncompleted steps’ and ‘errors made’ were tabulated and the scores
for the 2 reviewers averaged. Further, for each subject, the step and
error data was pooled for the three repetitive components of the
procedure: 1) anchor preparation, 2) suture passage / management, 3)
knot tying. These data were used to determine which of the procedural
phases demonstrated the greatest differences in performance among
the groups (one factor -ANOVA analysis; IBM SPSS statistical software
program). Further, for the entire procedure, the total number of steps
‘completed’, errors made, and sentinel errors enacted were also
averaged for the pair of reviewers. The subject’s operative time was
obtained by subtracting the faculty time to create the Bankart lesion

from the total absolute recording time for the procedure.

The two raw score sheets from the designated pair of reviewers were
compared for each of the individual steps (N = 45) and the number of
‘agreements’ tabulated (either both reviewers documented that a step
was performed, or both scored the step as not being completed). In
addition, the number of ‘disagreements’ in scoring steps was tabulated

(one of the reviewers indicated that the step had and other scored that
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the step had not been completed). The inter-rater reliability for the

steps was calculated according to the following formula:

Agreements

Agreements + Disagreements

In a similar manner, there was either agreement or disagreement in the
2 scores for each of the potential errors (N = 77). The IRR for error
scoring was calculated in the same manner as that for the steps. Finally,
the IRR for scoring the entire procedure was calculated using both the
step and error agreements / disagreements for the complete procedure

(N =122). Acceptable IRR is = or > 0.80.[79]

7.29 Statistical Methods

The analysis was conducted as a series of multiple regressions. The
exogenous variables (covariates) were the three intervention
conditions, i.e., proficiency based progression plus simulator (Condition
C), simulator (Condition B), and traditional training (Condition A).
Group C was used as the reference condition within the analysis. As a
check on the veracity and stability of the results, all of the analyses were
also conducted using Poisson regression. The substantive
interpretation remained unchanged regardless of the model used. All of
the reported results are based on the analyses from the multiple
regressions. Further, a logistic regression analysis was performed to
estimate the probability of those trainees from the different training
curriculums being able to attain the proficiency benchmark for the final

arthroscopic Bankart repair.

A secondary analysis was conducted to evaluate the subset of Group C
subjects who successfully met all of the intermediate benchmarks
throughout training, and was designated Group CPBP. Group CPBP was

evaluated for the same performance metrics as the other groups, which
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included steps, errors, sentinel errors, and time as well as the
probability of attaining the benchmark on the final repair. All of the
participants in Group C followed the proficiency-based progression
‘curriculum’. The proficiency-based progression ‘protocol’, in distinction
however, only permits those individuals who meet each proficiency

benchmark to progress in training (CPBP) (Figure 7.2).

7.3 Results

The mean and standard deviation scores on the baseline assessments of
perceptual, visuo-spatial and psychomotor performance are shown in
Table 7.1. Although Group A performed somewhat better on the
psychomotor test than Groups B and C, these differences were not

statistically significant.

7.31 Intermediate Proficiency Training Benchmarks for Group C

All of the 16 participants in Group C were able to obtain a passing score
on the cognitive exam, although several required additional instruction
after failing to achieve a passing score of 84% on their initial test. One
subject from this group was unable to demonstrate proficiency in knot
tying despite repeated training and practice. Six Group C participants
failed their first attempt to meet the benchmark for a Bankart repair on
the simulator model. After additional guided training and practice, 2 of
the 6 were able to show proficiency on their second attempt with the
shoulder model. One of the 4, who were unable to demonstrate
proficiency on the model, was also the one who failed to show
proficiency at knot tying. Thus, 12 of 16 Group C subjects met all of the
intermediate benchmarks during training. Based on the PBP protocol,
these 12 (Group CPBP) would have been the only participants from

Group C allowed to progress to working on the cadaver.
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7.32 Final Cadaver Bankart Assessment

Two cadavers, one each from Group B and C failed to meet the
acceptability criteria and were replaced with better specimens. The
video recording was restarted with the onset of work on the
replacement specimen. Of 44 videos scored, the mean inter-rater
reliability for the total number of steps performed and errors made was

0.93 (0.84 - 0.99; standard deviation = 0.04).

7.33 Incomplete Final Procedures

Of all 44 subjects, only three failed to complete their final Bankart
repair on a cadaver shoulder. Two individuals from Group A were only
able to finish the first anchor with an average of 16.25 steps completed,
7 errors and 0.5 sentinel errors enacted. They worked for an average of
99 minutes. In Group C, one subject had the first anchor pull out during
efforts to deliver and secure the primary suture knot and the individual
elected not to replace that anchor (although they could have done so
according to the anchor pullout protocol). They completed all of the 2nd
and 3r4 anchor components, thus performing only a 2 anchor final
repair, which was deemed to be incomplete. During this procedure, an
average of 37 steps were completed, along with 4 errors, and 0 sentinel
errors. Operative time was 92 minutes. This subject was the one who
had previously failed to demonstrate proficiency on both knot tying and
on the shoulder model repair components of the training curriculum
and would not normally have been allowed to progress to training with
the cadaver. It was not possible to estimate or accurately extrapolate
the # errors, sentinel errors, or time for the 3 incomplete procedures.
Thus, for the comparative analysis of the three groups for steps, errors,
sentinel errors, and time, Group A = 12, Group B = 14, and Group C = 15

subjects.
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7.34 Steps Completed

Figure 7.5 shows the mean and 95% confidence intervals (CI) of
procedure steps completed by Groups A, B, and C. Groups A and B
completed a similar number of procedure steps, but Group C on average
completed four more steps. The differences between the groups’
performances using the regression model with Group C as the reference
group is summarized in Table 7.2. The results showed that Group C
completed on average 42.2 procedure steps. Those in Group A
completed 3.8 fewer steps, while those in Group B completed 4.7 fewer
steps. Both of these differences were found to be statistically significant

(Cvs.Ap<0.001and Cvs.Bp<0.001).
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Figure 7.5 Graph depicting the mean number of Bankart procedure
steps (and 95% confidence intervals) completed for each study group
(A: traditional [control]; B: simulator; C: simulator plus PBP

curriculum). Also indicated are the probability value observed for the
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differences between Group C performance and Group A (# p < 0.001);

and Group B (*p < 0.001).

7.35 Procedure errors

The average number of errors and 95% CI for each group are shown

in

Figure 7.6. The average number of errors amongst those in Group C was

2.6 (Table 7.3). Those in Group A made on average 3.3 more errors,

while those in Group B, 2.4 more errors than Group C. Both of these

differences were found to be statistically significant (C vs. A, p=0.011

and Cvs. B, p = 0.049). Overall, those in Group C demonstrated a 56%

reduction in the mean number of errors over Group A, and a 41%
reduction over the number of errors made by those in Group B. The
participants in Group C were also more consistent, with the range in

number of errors much smaller when compared to Groups A and B.
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Figure 7.6 Graph depicting the mean number of procedure errors

enacted for each study group and the probability value observed for the
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differences between Group C performance and Group A (# p=0.01);
and Group B (* p = 0.049).

7.36 Sentinel errors

The mean and CI for the sentinel errors are shown in Figure 7.7. On
average those in Group C made 0.53 sentinel errors, while those in
Group A made 1.175 more and those in Group B, 0.43 more sentinel
errors (Table 7.4). The difference between Group A and Group C for
sentinel errors was found to be statistically significant (p = 0.017) but
not the difference between Group C and Group B. Overall, those in
Group C made 69% fewer sentinel errors than those in Group A and

44% fewer than Group B.
Sentinel errors
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Figure 7.7 Graph depicting the mean number of sentinel errors enacted
for each study group and the probability value observed for the
differences between ‘Group C’ performance and Group A (# p = 0.023);
and Group B (* p =0.351).
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7.37 Bankart performance time

The mean and 95% CI for time taken by the groups to perform the index
procedure is shown in Figure 7.8. Groups A, B, and C took a similar
amount of time to complete the procedure with no significant

differences observed (Table 7.5).
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Figure 7.8 Graph depicting the mean procedure duration in minutes for

each study group.

7.38 Analysis of Group CPBP

A secondary analysis was conducted to determine the performance of
the 12 Group CPBP subjects. The differences between the mean scores of
Group CPBP vs. Group C were calculated. The difference in steps
completed was marginal (CPBP = 42.46 vs. C = 42.2). The error analysis
showed that 12% fewer errors were made (CPBP = 2.29 vs. C = 2.6), 6%
fewer sentinel errors were made (CPBP = 0.5 vs. C = 0.53), and 4% less
time was required to complete the procedure (CPBP = 77.17 minutes vs.

C =80.44 mins.).
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7.39 Final Bankart Proficiency Benchmark

The benchmark (set as the mean performance of an experienced group
of surgeons) had previously been established for a cadaver
shoulder[66] as ‘no more than 3 total errors (one less error than the
simulator model benchmark) and no more than 1 sentinel error. In
addition, a 3 anchor Bankart repair must have been completed. Overall,
28.6% (4/14) of Group A, 36.7% (5/14) of Group B, 68.7% (11/16) of
Group C, and 75% (9/12) of CPBP were able to achieve the final

proficiency benchmark.

Logistic regression analysis for the relative differences between the
control conditions, Group A (traditionally trained group), Group B
(simulator), Group C (simulator + BPB curriculum), and Group CPBP
(simulator + PBP protocol) was performed and used to determine the
odds ratios for the comparisons. Relative to Group A, Group B subjects
were 1.4 times as likely (p = 0.121), Group C were 5.5 times (p = 0.033),
and Group CPBP were 7.5 times (p = 0.024) as likely to achieve the final
quantitatively defined proficiency benchmark. Only the comparisons of
proficiency between Group A and C, as well as between Group A and
CPBP were statistically significant (Figure 7.9). Trainees from Group CPBP
had a 36.4% greater probability of achieving the final benchmark than

those in the entire C Group.
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Figure 7.9 Diagram outlining the odds ratios and statistical significance
of the differences of Group A from Groups B, C, and CPBP for the final

Bankart proficiency demonstration.

7.4 Discussion

7.41 Proficiency Based Progression Paradigm

Two primary conclusions can be drawn from the data in this study.
First, the performance of the entire C Group on the final Bankart
evaluation shows that the proficiency based progression curriculum
employing simulation is superior to both the traditional curriculum
(Group A) and to one identical to Group C (including the use of the
simulator), but without the requirement to demonstrate proficiency
(Group B). Secondly, the performance of the CPB? Group reveals the
superiority of the PBP protocol itself, in which only those trainees who
meet each sequential proficiency benchmark during training are
permitted to progress in the curriculum. The most important and
revealing comparison of the three training protocols, therefore,
compares Groups A, B, and CPBP. Those in Group CPBP performed more of
the operative steps but did not take significantly longer to do so. They
also made significantly fewer objectively assessed intra-operative

errors, and were over 7 times more likely to achieve the final
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benchmark than those in Group A who followed a traditional training

pathway.

The performance of Group B was only marginally better than Group A,
and suggests that it is not simply access to working with the simulator
that is important. Rather, it is the metric dependent, proficiency based
progression curriculum coupled with the simulator that optimizes the
effectiveness of the training. The findings of this investigation strongly
support the ‘outcomes’ (objective assessments) rather than ‘process’
(time spent / exposure gained) based approach to graduate medical

education recommended by the Institute of Medicine.[96]

Due to the artificial constraint of a limited time period for training (a
week-end course), all members of Group C were allowed to progress
and practice with the cadaver and participate in the final Bankart
assessment whether they met all of the intermediate benchmarks or
not. During the training process, 25% of the subjects in Group C failed
to demonstrate proficiency during the knot-tying phase or on the
shoulder simulation model (1 subject failed both). These individual
performances are, thus, not representative of the PBP protocol and
diminish the performance of Group C as a whole. Had these four
subjects had additional time and further opportunities to demonstrate

proficiency, it is likely that they may have been able to do so.

Overall, confidence in the observed effects of the training methods was
high. There were no statistically significant differences between the
groups on pre-course, baseline visuo-spatial, perceptual, or
psychomotor assessments. Furthermore, the blinded and objectively
assessed videotaped performance of the subjects’ final Bankart repairs
was scored with a consistently high inter-rater reliability (greater than
90% agreement between the raters for all assessments, with none

falling below 80%).
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7.42 Performance Outliers

For the 2 Group A subjects who effectively completed only a 1 anchor
Bankart repair, it is probable that they would have enacted
substantially more errors during a complete 3 anchor procedure. It was
not possible to accurately estimate the total number of errors that
would have been enacted for a full repair. Consequently, all of their data
(including steps completed and errors enacted) had to be excluded
from the statistical analysis. The necessary exclusion of these 2
subjects’ data results in an over-estimation of the performance of Group
A as a whole. The one Group C subject, whose repair was considered
incomplete, abandoned the effort on the first anchor repair, as they
were unable to complete the knot tying steps. They did, however,
complete the second and third anchor components of the repair, and
along with performing 37 steps, made only 4 errors and no sentinel
errors. Thus, their overall performance was not substantially different

from Group C as a whole.

7.43 PBP Superiority

An important finding from this study is that the training process must
be more than an educational experience. Simple knowledge of the
metrics (steps and errors) and the opportunity to practice with expert
feedback (Group A - traditional AANA resident course) resulted in an
inferior demonstration of arthroscopic Bankart skills. Further, the
addition of the opportunity to work with the simulator (Group B)
resulted in a modest improvement in performance over the control,
Group A. The employment of the metric dependent, proficiency based
progression curriculum coupled with the simulator (Group C) resulted
in the acquisition of a statistically superior ABR skill set. Multiple
potential reasons exist for the superiority of this protocol:

1) the requirement to obtain a passing score on the cognitive exam at
the outset ensures that the trainee is very familiar with the steps to be

completed and errors to be avoided for the reference repair;
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2) proximate feedback linked to established and validated metrics
facilitates the prompt, specific, and effective correction of errors;

3) deliberate practice[96] in attempting to mimic the specific skills
demonstrated in the orientation video assures uniformity in acquiring
the essential skills needed to perform the reference procedure;

4) the medium fidelity simulator provides the opportunity for practice
and repetition of the important skills necessary for effective
performance of the Bankart repair

5) the validated performance benchmark for the simulator serves as an
intermediate assessment tool and helps identify individual trainee
deficiencies requiring correction

6) the trainee’s knowledge of the requirement to demonstrate
proficiency by meeting each of the intermediate benchmarks to be able
to progress in training, help assist the trainee in acquiring the
necessary skills

7) trainee performance must be demonstrated to a quality-assured

performance level based on validated metrics.[79, 201, 212, 266]

7.44 Metric-Based Curriculum

There are a number of unique aspects to this study and they primarily
relate to the development and use of the procedural ‘metrics’. This is
the first simulation-based study we know of in which the metric
characterization and validation of a complete procedure has been
carried out. This effort sought to investigate the merits of the emerging
‘paradigm shift’ in surgical skills training from the apprenticeship
model to a proficiency-based progression format and consequently
became known as the AANA Copernicus Initiative (Nicolaus Copernicus
is credited with the ‘paradigm shift’ from the earth to the sun being
considered the center of the universe). In the approach reported on
here, the simulation was simply one of the vehicles for the delivery of a
metric-based training curriculum. Much of the effort focused on the
development and validation of metric-based performance

characteristics that appropriately captured a reference approach to the
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performance of an arthroscopic Bankart repair.[65] Face and content
validity for the Bankart metrics were verified using a modified Delphi
Panel meeting with Master and Associate Master AANA shoulder
faculty.[65] The construct validity of the metrics coupled with the
shoulder simulation model[93] and separately with a cadaver
shoulder[66] was confirmed. On the basis of these results, specific
performance benchmarks were established separately for the shoulder

model, and the cadaver specimens.

The approach to the assessment of performance used in this study
employs precise metric definitions of performance and simply requires
the scorer to determine whether a specific event did or did not occur.
This binary approach to the measurement of performance has been
shown to facilitate the reliable scoring of metric-based performance
units across a variety of functions during skills training[196-198, 261]
with different experience levels.[199, 200] In contrast, “Likert scale
assessments” (Table 3.1) result in a less focused approach to
minimizing errors due to the fact that the deviations from optimal
performance are less clearly defined.[64] A ‘Likert-type scale’ is a
method of ascribing a quantitative value to qualitative data to make it
amenable to statistical analysis and was originally designed to assess a
range of respondent attitudes.[62] Due to the inherent subjectivity in
this method of attempting to rate objective performance, it can be
difficult to obtain acceptable levels of inter-rater reliability [>80%] in
the scoring of events.[210] It has been shown that Likert-scale scoring
may be less reliable than are metric based assessments[63] and simply
gives the trainee feedback information on the global aspects of their

performance.

7.45 Simulation Platforms
The detailed metrics enabled a simulation platform that already existed
(an anatomically accurate shoulder model) to be utilized for training

and assessment. This medium fidelity platform is relatively inexpensive,
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readily available, and serves as an accurate representation of the
human shoulder joint. Itis not, however, able to capture any
performance data or provide feedback to the trainee. A significant
investment in time and effort for instructional faculty and video
reviewers was required to obtain detailed data and formulate accurate
performance assessments. The approach used for simulation-based
training in this study holds considerable promise in the short term, as
the vast majority of surgical procedures (particularly for traditional
open surgery) have no virtual reality platform. Relative to higher
fidelity computer based simulators, physical simulation models are
much easier to develop in an expedient manner. This capability affords
the surgical community the opportunity to develop PBP simulation-
based training programs in a reasonable amount of time for traditional
and new surgical procedures. The crucial element in the effectiveness
will be the creation of appropriate and accurate metric based
characterizations and the “operational definitions” (Table 3.1) for those

metrics.

Studies have begun to emerge assessing the value of simulation on
surgical skills education and training. We were unable to find any
studies in the literature with which to compare our investigation.
Frank[267] performed a systematic review of the published literature
(19 studies) on modern arthroscopic simulator training models. The
analysis suggested that practice on arthroscopic simulators improves
performance on the simulator, but evidence that skills obtained during
simulator training are transferred to the operating room is lacking.
Cannon[268] studied the impact on transfer of training using the
ArthroSim virtual reality arthroscopic knee simulator, which has
previously been shown to have construct validity.[43] Those PGY 3
orthopedic residents who trained on the simulator (for an average of 11
hours) demonstrated greater proficiency on a live diagnostic knee

arthroscopy than the control group trained in a traditional fashion.
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They performed significantly better on the procedural checklist and

probing skills, but not on visualization skills.

7.46 Implications

For well over a century, the apprenticeship model has been the
predominant method used to assist surgical trainees in skill acquisition
and preparation for the practice of surgery. A paradigm of repeated
observation in addition to graded, enhanced responsibility and
independence during operations of increasing technical complexity has
been employed. Although reasonably effective, this approach is
inefficient and produces considerable variability in the skill sets
obtained by trainees with equivalent time exposure and
experience.[254] Alternatively, proficiency-based progression training
using simulation enables the trainee to focus on the acquisition of
specific procedural skills, measure their progress, and correct
deficiencies. It is through the process of deliberate practice,[22] that
they learn not only what to do, but perhaps more importantly, what not
to do. The trainee is thus able to enact errors and learn to correct them
in an inconsequential manner, and without risk to patients. In addition,
this structured approach promotes the acquisition of a more

homogeneous skill-set at the completion of training.[266]

One of the concerns of the medical community prior to this study was
the generalizability of simulation-based training. Even simulation
enthusiasts harbor the concern that simulation-based training
effectiveness may be, in part, a function of the effort that enthusiasts
put into the training initiatives and the reported science. The results of
this study demonstrated that simulation-based training is very
effective, even when applied across a large number of residents from
training programs throughout the United States using faculty equally
dispersed. One of the reasons for this success was a deliberate choice by
the investigators to choose a reference approach to a particular

procedure. This method of standardization means that at the outset of
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their learning a particular procedure, trainees do not have myriad of
approaches and techniques to master. They can develop their own
surgical style once they have acquired safe operative skills for the

reference approach.

7.47 Limitations:

Other than their year in training, no additional information was
available for the participants. The extent of an individual resident’s
arthroscopic surgery exposure and experience, particularly shoulder
arthroscopy, was likely variable. The diverse group of residency
programs represented (21) and the fact that residents from an
individual program were randomized to different training protocols
should have made them homogeneous and minimized selection bias.
Although the residents of Group A performed the best overall on the
baseline visuo-spatial, perceptual, and psychomotor assessments, the

between-group differences were not statistically significant.

The number of participants enrolled was based in part on previous
studies,[22] and secondarily on the logistical challenges of having more
than 12 simultaneous recording stations at the OLC during the final
Bankart repair. The 14 Group A residents were volunteers from a
normal AANA resident course and their Bankart recording was
performed over 2 flights. Training for the 14 Group B and 16 Group C
participants was conducted on a separate study weekend. The final
Bankart repair for these two groups required 3 flights of surgical
procedures, some of which lasted 2 hours. With turnover, 8 hours were

required to record the 3 flights (30 total recordings).

It is acknowledged that conducting an analysis of proficiency based
progression training during the finite time constraint of a weekend
course imposes an artificial constraint. PBP training dictates that the
trainee continues to study and practice as long as it takes to master the

requisite skills. It is probable that the majority of those in Group C who
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did not reach all of the intermediate benchmarks during the weekend
course would likely have been able to do so with additional training and
practice. Further, it was not the intent of this investigation to study the
efficiency of individual residents’ skill acquisition, nor their efficiency in
performing the index procedure. The efficiency of the PBP training
protocol, however, is clearly implied. In essentially the same time
frame as the other groups, a substantially greater % of residents trained
using the PBP protocol coupled with simulation achieved the final
benchmark compared to those participating in the other training

methods.

The final proficiency assessment was performed using cadaveric
shoulders. The specimen size, tissue compliance and extent of pre-
existing glenohumeral pathology likely introduced some inherent
variability in the cadaver shoulders. The impact of those differences
was minimized by employing the previously described “acceptability”
criteria - those specimens deemed unsuitable for an arthroscopic

Bankart repair were replaced and a new video recording was initiated.

Finally, all participants and faculty for each of the 3 study groups were
provided a link to 2 full-length videos (lateral decubitus and beach
chair) demonstrating each of the 45 steps and showing or identifying all
of the errors and sentinel errors. While the link was provided to all
participants and faculty 1 month prior to the course in which they were
involved, we have no record of how often they viewed / studied the

videos.

7.5 Conclusions

A PBP training curriculum and protocol, coupled with the use of a
shoulder model simulator and previously validated metrics, produces a
superior arthroscopic Bankart skill set when compared to traditional

and simulator enhanced training methods.
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Table 7.1: Demographic and baseline perceptual, visuo-spatial,

and psychomotor assessments for the group participants

Demographic Variable Group A Group B Group C P Value
Gender, n
Male 13 13 14
Female 1 1 2
PGY of training, n
PGY 4 6 8 7
PGY 5 8 6 9
Right hand dominant 82% 93% 94%
Age, yr, mean (SD) 33 (4) 31(2) 32(3) .54
Perceptual assessment (PicSOr), mean (SD) 0.92 (0.07) 0.93 (0.07) 0.93 (0.03) .89
Visuospatial assessment, mean (SD) 25 (10) 26 (7) 24 (7) .76
Psychomotor assessments, mean (SD)
Dominant hand
Correct incisions 12 (3) 11 (2) 10 (4) 45
Incorreat incisions 0.3 (0.5) 0.9 (0.1) 0.1(0.3) A5
Nondominant hand
Correct incisions 10 (4) 9(5) 9(5) .66
Incorreat incisions 0.1(0.5) 0.1(0.3) 0.2 (0.6) 6
PGY, postgraduate year; PicSOr, pictorial surface orientation.
Table 7.2: Steps completed regression analysis.
Unstandardized Cocfficients Standardized Cocfficients
Model B SE B t P Value
Reference group: 42.167 0.618 68.225 < .001
group C (constant)
Group A -3.833 0.927 -0.559 —4.135 < .001
Group B —4.702 0.890 -0.715 —5.286 < .001
B, beta; B, standardized beta; SE, standard error; t, test statistic.
Table 7.3: Errors made regression analysis.
Unstandardized Cocfficients Standardized Cocffidents
Model B SE B t P Value
Referenae group: 2.600 0.819 3.173 003
group C (constant)
Group A 3.275 1.229 0.444 2.665 011
Group B 2.400 1.179 0.339 2.035 049
B, beta; B, standardized beta; SE, standard error; t, test statistic.
Table 7.4: sentinel errors made regression analysis.
Unstandardized Cocfficients Standardized Cocfficients
Model B SE B P Value
Reference group: group C (constant) 0.533 1.706 .096
Group A 1.175 0.425 2.506 017
Group B 0.431 0.162 0.958 344
B, beta; P, standardized beta; SE, standard error; t, test statistic.
Table 7.5: Time taken regression analysis.
Unstandardized Cocfficients Standardized Cocfficients
Model B SE B t P Value
Reference group: 80438 4.455 18.055 < .001
group C (constant)
Group A 0634 6.522 0.016 0.097 923
Group B -13.009 6.522 -0.331 -1.995 053

B, beta; P, standardized beta; SE, standard error; t, test statistic.
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8. Thesis Discussion

Before a physician is able to practice the art of surgery, he or she must
master the related science - relevant anatomy, pathology, and requisite
technical skills needed to perform an accurate and effective operative
procedure. A surgery performed technically well is more likely to lead
to a better patient outcome than one done poorly. In order to be
reliably implemented, skills must be identified, learned, and polished.
Historically, the apprenticeship model served to prepare surgeons to
practice their craft. Repeated observation in addition to a gradual
increase in responsibility and independence during operations of
greater technical complexity has been employed as one of the primary
methods of preparation. While reasonably effective regarding exposure
to various sKkills, little assurance could be offered that the necessary
techniques had been mastered prior to operating on patients. Greater
exposure to some principles and techniques and substantially less to
others has led to inconsistent preparation and quality of surgical skills
using the apprenticeship model for surgical training. Inefficient use of
training resources has resulted as well. A relatively recent paradigm
shift in surgical skills education, proficiency based progression (PBP)
training, is evolving as both a more effective and efficient strategy than
the apprenticeship model for preparing surgeons to offer optimal care

to their patients.[208, 212]

The leadership of the Arthroscopy Association of North America
(AANA), who's primary mission is arthroscopic education, reviewed
their instructional programs, particularly those that related to a focus
on technical skills, and posed the question, “Is there a better way to
train surgical skills than our current methods?” The attempt to answer
that query led to the creation of the AANA Copernicus Initiative, an
investigation conducted to determine the relative effectiveness of
proficiency-based progression training as an alternative to the
apprenticeship model.[269] The change in focus from the

apprenticeship model to one of PBP training is considered to be a
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paradigm shift with respect the approach to surgical training and was
thus, labeled, the Copernicus Initiative (Nicolai Copernicus is the
individual primarily credited with the paradigm shift from the earth to

the sun being the center of the universe).

8.1 AANA Copernicus Investigation

For the patient with unidirectional anterior instability due primarily to
a Bankart lesion (capsulolabral detachment from the anteroinferior
glenoid) without significant bone loss, a suture anchor repair
employing 3 implants is a commonly accepted method utilized to obtain
a successful patient outcome.[87, 89, 143, 209, 258] An arthroscopic
Bankart repair (ABR) for recurrent shoulder instability was chosen as
the index procedure for the related studies. The investigation into PBP
training coupled with simulation required the development and
validation of 3 separate, specific tools to conduct the analysis. The first
component to be created was a metric tool, which could objectively and
accurately characterize the performance of an ABR by clearly defining
the essential steps, errors, and sentinel errors (more serious) for a
standard reference repair.[65] It was critical to subject the drafted
metrics to rigorous validation rather than have them be predominantly
based on the opinions of a small group of metric authors. The metric
tool created was demonstrated to have face and content validity[200]
using a modified Delphi panel methodology. Once validated, the metrics
were copyright protected. Secondly, a training tool (a shoulder model
simulator coupled with the ABR metrics) was shown to have construct
validity, demonstrating the ability to distinguish between novice and
experienced surgeon performance.[93] A proficiency benchmark for the
use of the metrics with the simulator was also established. Lastly, an
“assessment tool” (a cadaver shoulder coupled with the ABR metrics)
was evaluated and also shown to have “construct validity”.[66] A
separate and specific benchmark was also established for the use of the
metrics with a cadaver shoulder, which is the closest surrogate for live

surgery. A final preliminary investigation was needed to verify
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construct validity for the arthroscopic knot tying and testing protocol

and to establish a related proficiency benchmark.[35]

In the initial study format, an intra-corporal knot tying simulator and a
dry bench top shoulder model simulator served as vehicles to assist in
comparing two groups of residents, one with the requirement to
demonstrate skill proficiency along the training pathway, the other
without the need to show the ability to perform intermediate steps. As
the study design process matured, we elected to add a 34 group of
residents who underwent the current AANA method of resident
training that included lectures, knot tying practice, and training using a
cadaver without the use of the shoulder model simulator. This last
group served as a baseline reference representing the apprenticeship
training methodology with which to compare both the impact of adding
simulation as well as simulation coupled with proficiency-based
progression training. The reference group assisted us more directly in
answering our original research question as to whether there was a

better way to train surgical skills than our existing methods.

In a prospective, randomized, blinded study, 44 PGY 4 or 5 residents
from 21 approved US orthopedic residency programs were randomly
assigned to one of three skills training protocols: Group A: Traditional
(control, N = 14)(routine AANA Resident Course representing the
apprenticeship model); Group B: Simulator Enhanced (N =
14)(modified curriculum adding a medium fidelity shoulder model
simulator ‘experience’, but without the need to demonstrate skill or
proficiency); or Group C: Proficiency Based Progression (N=16)(PBP
curriculum in which a passing score on an exam demonstrating
knowledge of the Bankart metrics was required as well as a
demonstration of the ability to meet the proficiency benchmarks for
arthroscopic knot tying and the performance of an arthroscopic
Bankart repair on the model simulator).[94] Baseline visuo-spatial,

perceptual, and psychomotor skill tests confirmed that the study group
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subjects were homogeneous. At the completion of training, all subjects
independently performed a 3 suture anchor ABR on a cadaver shoulder,
which was videotaped in its entirety. The training and assessment of all
groups was performed at the Orthopedic Learning Center in Rosemont,

[llinois.

8.11 Copernicus Study Results

While Group C completed a significantly greater number of steps than
both Groups A and B, it was not the most profound difference. The
enactment of errors was by far the greatest discriminator. The PBP
trained Group C made 56% fewer objectively assessed errors than the
traditionally trained Group A (p = 0.011) and 41% fewer than Group B
(p = 0.049)(both comparisons significant) [94].

For the purposes of determining the impact of the PBP ‘curriculum’ in
comparison to the ‘protocol’, Group C was further subdivided. The
performance of the entire C Group (whether or not they achieved all of
the intermediate benchmarks) represented the PBP ‘curriculum’ as they
were all subjected to the same training methodology with proximate
feedback, deliberate practice, and focused correction of deficiencies.
The Group C residents who successfully met each of the intermediate
benchmarks (cognitive knowledge of the metrics, knot tying and an
ABR on the model simulator) were designated Group CPB? and
represented the PBP ‘protocol’ in which only those trainees who are
able to demonstrate each of the intermediate proficiency benchmarks
are able to progress in training. In a two-day course, 75% of Group CPBP
and 68.7% of the entire C Group achieved the proficiency benchmark on
their final Bankart repair compared to 36.7% of Group B and 28.6% of
Group A. A logistic regression analysis was performed to estimate the
probability of those trainees from the different groups being able to
attain the proficiency benchmark for the final ABR. Using Group A as a
reference, Group B participants were 1.4 times as likely, and Group C

residents (entire cohort) were 5.5 times as likely to achieve the final
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proficiency benchmark. The results of the C Group in general indicate
that the PBP curriculum is superior to both the traditional
apprenticeship model as well as one that added a simulator experience.
The PBP curriculum was not simply a “weeding out” of less innately
skilled residents as the entire C Group, some of whom did not meet all
of the proficiency benchmarks, dramatically outperformed those in
reference Group A. Subgroup Group CPB?P members who met all of the
intermediate proficiencies were 7.5 times more likely to meet the
benchmark than Group A. In a true PBP model, those in this last group
would have been the only ones allowed to progress in training and their
performance is representative of the superiority of the PBP protocol.
The results of this investigation were unequivocal in demonstrating
that a PBP training curriculum using previously validated metrics
coupled with the use of a medium fidelity shoulder model simulator
facilitated the acquisition of a far superior arthroscopic Bankart skill set
when compared to traditional and simulator enhanced training

curriculums.

8.2 Lessons Learned

8.21 Communication

The small core group of individuals (3 - 5) who compose the procedural
metrics must be intimately familiar with the index procedure to be
characterized, not only the appropriate steps to execute, but also the
most important errors to avoid. In addition, experience with teaching
the techniques involved offers insight into aspects of the procedure that
frequently prove most challenging to trainees. Members should have
good linguistic skills to facilitate the crafting of metrics with clear,
unambiguous definitions. The goal of drafting accurate and meaningful
metrics must be kept at the forefront and the value of each member’s
input respected. There is a risk that if an individual member becomes
entrenched in advocating for their perspective, the drafting process can
be halted or an important metric deleted altogether for lack of

consensus. Each developer must be able to discern when to advocate
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strongly for their perspective and when to acquiesce and accept that a
metric definition might not reflect how they would prefer to perform
the task, but that the specific metric is not wrong, inappropriate, or
inadvisable as drafted. A strong group leader is essential in facilitating
the deliberations. A broad and balanced perspective should be sought,
but the leader should recommend and advocate for compromise when

necessary.

It is critical that the core group of experienced surgeons responsible for
drafting the step and error metrics for a specific procedure be able to
communicate effectively and efficiently. Considerations, deliberations,
and dialogue are most valuable if conducted in real time, particularly in
relation to assessing surgical performance on video recordings. A
potential challenge exists in that having the core group of metric
developers physically present for each of the necessary meetings can be
associated with substantial cost, impart significant scheduling
challenges, and require onerous absences from practice responsibilities.
After multiple unsuccessful attempts were made to identify a method of
media transmission with adequate bandwidth to facilitate concurrent
video review by metric developers in different geographic locations
(various sites across the U.S. and Ireland), an effective and inexpensive
method was identified. For the online sessions, the use of Skype
(www.skype.com) group videoconferencing enabled the investigators
to simultaneously review arthroscopic videos in real-time with
acceptable resolution. An inexpensive USB camera (I-PEVO $69) was
connected to the call initiator’s laptop and designated as the ‘source
input’ in the Skype settings. A separate desktop computer with a high-
resolution monitor was used the play the subject videos. When the USB
camera was directed toward the image playing on the desktop
computer, all members of the group call were able to simultaneously

view the arthroscopic video images.
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COMMUNICATION LESSONS:

1) It is essential that the metric developers be intimately familiar with the
procedure and possess a collegial and respectful working dynamic to
avoid undermining the process.

2) While initially in-person meetings are critical, a practical and cost-
effective means of communication during performance review meetings is
essential. Skype teleconferencing proved effective, efficient, and

inexpensive.

8.22 Index Procedure Selection

In developing a PBP training curriculum for a particular surgical
specialty, it is impractical to create a set of validated metrics for all
commonly performed procedures. A number of factors should be
considered in selecting which potential procedures should be chosen
for metric characterization. In the progressive acquisition of skills,
trainees should master the essential components of a standard
reference procedure before taking on more complex pathology. With
time and experience, they will develop their own preferences even for
standard index operations. The procedure selected should be one that
is relatively frequently performed and also be comprised of various
skills that are commonly employed across the breadth of a particular
surgical discipline (and will thus represent a broader scope of
proficiency once acquired). Finally, the procedure should have a set of
recognized and preferred techniques rather than one with numerous
different and accepted ways of performing the procedure. The metric
development exercise becomes substantially more complex and difficult
when the metrics must be written to recognize multiple different
methods of accomplishing the same task. In that scenario, bias is often
introduced in the attempt to uniformly score the metrics for different
methods. However, in the instance where there are two commonly
accepted surgical approaches for the same technique (as is the case

with an arthroscopic Bankart repair), the step and error metrics must
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be drafted to avoid scoring bias or penalizing surgeons that use one
approach rather than another (i.e. - both the lateral decubitus and
beach chair orientations have wide acceptance among those performing

arthroscopic shoulder procedures).

INDEX PROCEDURE SELECTION LESSONS:

1) The procedure selected for metric characterization should be
straightforward and employ commonly used techniques.

2) Those surgeries with multiple different and recognized methods of
accomplishing the same objective should be avoided. In that scenario,

drafting metrics to avoid scoring bias is substantially more difficult.

8.23 Task Deconstruction / Metric Development

The intent of procedure characterization is to capture all of the
essential elements of a specific surgery and be able to employ them to
accurately discriminate between the performances of different
operators.[65] The step and error metrics must be tightly defined
(rather than simply described) and should be unambiguous to the
extent that a video rater is able to simply verify that a particular event
“was”, or “was not” observed to occur. We found that some drafted
metrics were ambiguous or could not be reliably and unambiguously
defined even with editing, and therefore needed to be dropped.
Quantitative dimensions proved impossible to use in defining certain
metrics as no means of measurement or calibrated tool was available
on the videos (i.e. the specific location in mm from the glenoid rim for
anchor holes). Instruments of known size served as the best
quantitative reference when they were present in the field-of-view, i.e. a
3.5 mm drill guide. We found that specifying anatomic regions rather
than distances proved to be more practical (i.e. - ‘guide is located in the
inferior region of the anteroinferior quadrant of the glenoid’). Several

metrics that were well defined could not be reliably and consistently
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identified on the practice videos and needed to be deleted. In contrast
to steps, error metrics proved to be a much more powerful
discriminator of performance and should be particularly robust in their
definition. Every effort should be made to draft and revise potential
error metrics until they are acceptable rather than delete them. Not all
potential intra-operative errors, however, are represented in the
metrics because they; a) occurred too infrequently, b) could not be
unambiguously defined or c) could not reliably be identified from
operative performance on videos. Compared to videos of experienced
surgeons, novice videos contained many more mistakes and were of

much greater value in helping to identify and draft error metrics.

In general, time as a performance metric by itself is a relatively poor
surrogate for performance quality. A procedure could be performed
relatively quickly either due to the knowledge and skill of the operator,
or because steps and sequences were skipped. In that scenario,
however, if total time for the procedure was coupled with precise
operational metrics, those two performances could be easily
distinguished. Total procedure time was therefore retained as a metric.
‘Lack of progress’ (LOP) was considered as an error metric, but
identifying the specific beginning and ending points on a video as to
when meaningful progress was not being made or resumed proved

unreliable. LOP was discarded as a potential metric.

Once the metrics were refined and stress tested by the core group using
multiple full-length videos, a modified Delphi panel of experienced
surgeons was convened. Their task was to further evaluate how
representative and valid the units of behavior were in characterizing
the arthroscopic Bankart procedure (i.e. to obtain face and content
validity). We found that it was imperative that a thorough orientation
for the Delphi panel members to clarify the purpose for convening, and
the rules for deliberation take place. It proved critical that during the

cyclic process of Delphi Panel voting, the participants understood that a
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‘ves’ indicated that the metric definition presented was accurate and
acceptable as written, but not necessarily that it was in the manner in
which the particular panelist might have chosen to complete the step
(i.e., the step was not incorrect, inadvisable, or unsafe). Frequently, the
panel provided useful discussion, illumination and clarification for the
intra-operative steps and errors. Metrics were either accepted as
written, revised until satisfactory, or deleted. Consensus should be
reached for each of the metrics characterizing the procedure (we

elected to use unanimity for consensus).

TASK DECONSTRUCTION / METRIC DEVELOPMENT LESSONS

1) Performance metric definitions must be unambiguous and reliably
identifiable on surgical videos.

2) Numeric dimensions should be avoided and instead, reference should
be made to tools of known dimension or to identifiable anatomic regions.
3) Error metrics are the most valuable in discriminating between levels of
performance - videos of novice operators are the most helpful for
identifying specific errors.

4) Operative time is most useful when coupled with precise operational
metrics.

5) An orientation session for the modified Delphi panel should take place
in person, and is essential to facilitate orderly, efficient, and meaningful

deliberations.

8.24 Video Reviewer Training

It proved to be impractical for the 3 arthroscopic shoulder surgeons
(who, along with Dr. Gallagher drafted the metrics) to score all of the
videotapes from the 2 construct validity studies and the randomized
trial (>80 videos). Extensive training of 7 additional reviewers was
conducted. Training was initiated with an individual review and study
of the metrics. An 8-hour in-person group review of each of the step and
error metrics was conducted, which included video examples of those

most difficult to score. Discussion helped immensely to clarify how
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each step and error was to be scored, including the nuances and
conventions to be used. In two subsequent 2-hour group phone
conferences, the differences and discrepancies amongst all reviewers
for the practice videos were compared and discussed, seeking
conformity in scoring. In addition, each designated pair of reviewers
conducted one to three additional phone conferences to analyze the
specific instances in which the two of them scored particular events
differently. This training methodology proved invaluable in clarifying
and ensuring consistency in the scoring of videos. Following training, an
acceptable inter-rater reliability (>0.08) was achieved for each

designated rater pair on practice videos.

An attempt was made to conduct an abbreviated training of 5 additional
pairs of raters several months before the scheduled randomized trial
but proved unsuccessful. Although the principles of PBP training and
the metrics were all reviewed by conference call and multiple practice
videos were scored, acceptable accuracy and reliability could not be
consistently attained. Without a face-to-face meeting of the new raters
at the start of training, a more rudimentary understanding of the
proficiency-based progression training principles may have resulted.
Further, the lack of a thorough detailed in-person group review of the
individual metrics may have sacrificed valuable educational dialogue
amongst members of the group. Helpful insights into scoring some of
the more difficult metrics may have been lost. Finally, the failure of each
of the members of a rating pair to compare their scoring differences
after independently reviewing practice videos likely also contributed to
the inability to successfully demonstrate uniformity in scoring. Had this
second group of raters had sufficient time and the same thorough
training program that the first group was afforded, it is likely that they

would also have been able to achieve acceptable IRR.
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VIDEO REVIEWER TRAINING LESSONS

1) The orientation sessions involving a review of the principles of PBP
training as well as the initial review of the specific individual metrics
should occur in an in-person setting.

2) Communicating that information by conference call risks a lack of
comprehension, committed engagement, and focus on the objectives.

3) The methodical and comprehensive preparation for those scoring the
arthroscopic videos cannot be compromised or abbreviated.

4) Acceptable IRR (> 80%) amongst rater pairs on practice videos must

be verified or further training conducted.

8.25 ‘Experienced’ Group / Proficiency Benchmark

The level of skill exhibited by the experienced group members must be
consistent with the designation as a ‘reference’ group, whose
performance can be used to assist in the establishment of an accurate
and acceptable proficiency benchmark. Frequent subject authorship,
podium presentations, and academic position do not serve as reliable
gauges of surgical skill. Members of the experienced group who
perform substantially below their peers could potentially serve to
lower the reference standard. Conceivably, those trainees who met a
diminished standard might be inadequately prepared to perform the
specific procedure on patients. Indeed, for the experienced groups in
our investigation, one of 12 faculty member’s scores were removed
from the calculation of the benchmark for performance on the
simulator model, and one of 10 faculty subject’s scores were deleted in
establishing the shoulder cadaver benchmark. Both outliers had

performed greater that 2 SD below the mean of their peers.

Historically, a “proficiency benchmark” has been defined as the mean
performance of a group of ‘experienced’ operators.[22, 198, 208]
Deliberation was undertaken to consider whether this standard was too
high for a group of PGY 4 and 5 orthopedic residents. To meet the

benchmark, they would have to perform better than 50% of those
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experienced surgeons currently out in practice, operating on patients. It
was acknowledged that if an acceptable number of residents were
unable to meet the benchmark and demonstrate proficiency, it would
not be possible to make meaningful comparisons between the different
training curriculums in the randomized trial. We considered using a
less demanding proficiency reference, but could not agree on a different
standard that would be recognized, have precedent, and be readily
acceptable to the readership. Our concerns proved to be unfounded.
For the cadaver Bankart repair, 75% of the PBP trained resident study
group was able to achieve the benchmark in a single training weekend
(compared to only 50% of the experienced group by the proficiency
definition). The construct validity study for arthroscopic knot tying
revealed similar results.[35] 24% of faculty knots failed compared to

11% of the PBP trained residents.

REFERENCE EXPERIENCED GROUP / PROFICIENCY BENCHMARK
LESSONS

1) It is imperative that a policy be established at the outset regarding
performance outliers in the experienced group so as to maintain the
appropriate character of the reference standard.

2) The scores of those surgeons in the experienced group performing > 2
SD below the mean should be deleted from the calculation to establish a
proficiency benchmark.

3) The mean performance of a group of experienced surgeons constitutes

a reasonable, practical, and attainable proficiency benchmark.

8.26 Simulation

Simulators themselves may appear to provide to a shortcut to effective
surgical training, and perhaps even by themselves to be the answer to
training tomorrow’s surgeons in ever more complex surgical
techniques - they are not. The number of high fidelity simulators

collecting dust, testify to that fact. Too often, a piece of simulation
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equipment with impressive capabilities is obtained and only later is the
question asked, “How will we use it for training?” Undoubtedly,
simulators will play an increasing role in the training of surgeons and
proceduralists, but they must be appropriately harnessed to be a cost
effective contributor to skills education. A PBP curriculum must be
developed first. Only then can the identification and application of
appropriate simulations to support and deliver specific components of
the training curriculum take place. Uncoupled from a carefully
designed curriculum, a simulator may only be providing an ‘experience’
that, even with repetition, may not effectively train the necessary skills.
In our randomized trial evaluating different training protocols, the use
of the simulator without the proficiency based progression curriculum
(Group B) only resulted in a modest improvement over traditional
training (1.4 times greater chance of achieving the previously
established benchmark than those in the traditional apprenticeship

pathway).

The fidelity of the simulator should correspond to the task being
trained. For example, in the Copernicus Investigation, we observed that
learning to tie arthroscopic knots down a cannula under an opaque
dome while viewing the image on a laptop monitor provided all of the
realism that would be required in vivo, including tactile feel. It would
make little sense to attempt to teach a student to tie arthroscopic knots
using a virtual reality 3D simulator, even with excellent haptics, when
simpler, lower fidelity, and more cost-effective tools are available. For
an arthroscopic Bankart repair, a medium fidelity shoulder model
simulator was readily available and required only minor modifications.
It provided the opportunity to use all of the same tools and equipment
normally employed for the procedure and to perform each of the 45

specified tasks in exactly the same manner as in a live surgical case.

Lower fidelity simulators, however, have drawbacks - they normally

only permit a single use, possess the ability to represent a relatively
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small variety of pathologic conditions, and are limited in their ability to
represent fine anatomic detail. By far, however, the greatest challenge
to the use of lower fidelity simulations is the requirement for a large
investment of individual faculty time to provide instruction and
proximate feedback throughout the training process. The requirement
for manual scoring of operative performance is also very time

consuming.

SIMULATION LESSONS

1) Simulators are most useful when they serve as the vehicle to deliver a
strong, metric based curriculum, which must be developed before specific
simulators are chosen to train the necessary skills.

2) Low and medium fidelity simulators are readily available and can be
very effective for training many of the key steps involved in completing
various surgical procedures.

3) A drawback of lower fidelity simulators is the requirement for a
significant investment of faculty time for training and performance

assessment.

8.27 Investment Related to the Development of a PBP Curriculum
Task deconstruction, metric development, validation, and the
formulation of a proficiency based progression curriculum are
laborious processes. The entire complex of Copernicus Investigations
took place over 2 % years.[35, 65, 66, 93, 94] The hard costs for
development of the PBP arthroscopic Bankart repair curriculum and
associated validation investigations were approximately $475,000
(Table 4). This deceptively small figure is due in part to the substantial
volunteer contributions by members of the Arthroscopy Association of
North America (AANA) who invested in excess of 2,100 hours in the
Copernicus Initiative. Had the volunteers been paid consulting fees for
their efforts, the costs would have added approximately $850,000. The
ability to effectively communicate by employing Skype teleconferencing

dramatically decreased expenses related to investigator and consultant
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travel, housing, and conference facilities that would have been
necessary for in-person meetings. Expenses were further reduced by
conducting components of the investigation as an add-on feature to

numerous, routinely scheduled AANA resident educational courses.

Table 4

AANA Copernicus Initiative Expenses

Meetings / Travel $166,600
Orthopedic Learning Center Rental $23,690
Videos (recording, duplication, distribution) $25,670
Simulators (shoulder models / cadavers) $192,450
Administrative (office, lab staffing) $12,100
Consulting (study design, metric development,
implementation, statistical analysis) $53,100
Total Hard Costs $473,610

Physician Volunteer Contribution (study design,
implementation, metric development, rater
training, video scoring, data compilation, etc.

[2100 hours X $400/hour])

‘Sweat Equity’ $840,000

Total $1,313,610

Without question, similar efforts to create objective metrics and
performance standards for additional procedures will be streamlined
and more efficient. The creation of PBP training modules for
fundamental arthroscopic skills have been developed (AANA
Fundamentals of Arthroscopic Surgery Training — F.A.S.T.) and will
prepare the trainee for more advanced procedure specific skill

requirements. Performance metrics are currently being created for
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three additional arthroscopic procedures: anterior cruciate ligament
reconstruction for the knee, rotator cuff repair in the shoulder, and

labral repair for the hip.

INVESTMENT LESSONS

1) The hard costs for the development of a PBP training curriculum are
manageable and can be reduced by employing low cost, efficient
strategies for communication (which will limit the high cost of in-person
meetings).

2) When less expensive lower fidelity simulations are utilized, the greatest
‘cost’ is related to faculty and reviewer consultation time.

3) Curriculum validation studies may be most efficiently conducted

during other regularly scheduled instructional courses.

8.3 Considerations and Deliberations

8.31 Arthroscopic Bankart Repair

For arthroscopic shoulder surgery, both the lateral decubitus and the
beach chair positions are in common use. The initial set of metrics
drafted for the arthroscopic Bankart procedure was created with the
perspective of the patient in the lateral decubitus orientation, which
was the preference of the members of the core group creating the
metrics. In reviewing videos of a broad group of experienced surgeons,
it became apparent that the beach chair orientation was often
employed. It proved necessary redraft some of the metrics (particularly
those working on the anterior glenoid) to permit unbiased scoring,
regardless of the position of the patient.[65] Similarly, it is
commonplace for some experienced surgeons to view the anterior
glenoid with the arthroscope in the posterior portal, and some from the
anterosuperior portal. Several metrics that were related to the specific
approach of the drill guide to the anteroinferior glenoid needed to be
dropped, as they could not be consistently scored with the view

afforded from the posterior portal. In summary, it is beneficial to select
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a surgery with a routine and predominant technique, but the metrics
must be drafted to avoid scoring bias if more than one commonly
accepted patient position or arthroscopic viewpoint are routinely

employed by experienced surgeons.

8.32 Training vs. Discrimination

A dilemma was encountered in drafting the metrics with a two-fold
purpose. On the one hand, we intended for the metrics to be thorough
and present to the trainee all of the important steps that should be
performed to execute an arthroscopic Bankart procedure well. On the
other hand, we needed to demonstrate construct validity for the
metrics with the ability to validly discriminate between novice and
experienced surgeon performance. To meet the first intent, a thorough
list of diagnostic steps requiring a “pause to view” or probing needed to
be included. To meet the second purpose, it was necessary for the
experienced surgeons to complete each of the diagnostic steps in the
manner defined by the particular metric or they would fail to gain
credit for performing that specific step. For example, the experienced
arthroscopist may perform step #8, “view or probe the superior labral
attachment onto the glenoid” in a relatively rapid manner (although
accurate), without probing and without specifically pausing to clearly
indicate that they were evaluating the superior labrum. In that
instance, the video rater may not give the experienced surgeon credit
for completing that particular diagnostic step. Depending on the
number of these instances, the performance of the experienced surgeon
could be degraded compared to the novice performer, which would
impact the ability to discriminate between novice and experienced
surgeons. In addition, a proportionately large number of diagnostic
step metrics can result in an excessive and undesirable weighting of the
diagnostic compared to the therapeutic procedural steps. For the
Bankart investigation, the experienced group tended to miss more
diagnostic steps than the novice group. As a result, if we had eliminated

the diagnostic metric steps altogether, the discrimination between the
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novice and experienced operators would have been even greater than
we reported.[66, 93] Thus, there must be a balance between the
thoroughness of the diagnostic steps for the novice trainee and the
avoidance of penalizing the experienced group participants who may be
brief but accurate in their diagnostic assessments. In future PBP
studies, it may prove useful and valuable to retain the diagnostic
metrics for the purposes of training, but include only the treatment

steps and errors for the purposes of determining construct validation.

8.33 Error Metrics

Error metrics proved to be the most challenging to craft, but are often
the most important for discriminating between different levels of
performance.[30, 79] Relative to the steps, much more time was
required to write and rewrite the error metrics to ensure that they
were robust --- both able to capture the most common mistakes that
novices enact, as well as be able to be unambiguously scored. Although
many potential errors could be conceived to possibly occur, those
creating the metrics should resist the tendency to include errors that
were not seen to actually occur in the videos of novice performance
used to assist in drafting the metrics. Doing so would spuriously inflate
the number of agreements between raters (both scorers would indicate
that particular errors did not occur) and render the inter-rater
reliability ratio less meaningful. In addition, listing potential metric
errors that never occurred would do little to aid the trainee in
improving their operative performance. From the large pool of
potential Bankart error metrics drafted, we elected to delete those that
were never exhibited on any of the fourteen complete videos used to

create the Bankart metrics.

Videos showing the poorest operative performance were generally the
most valuable as they exhibited the greatest number of mistakes and
errors in technique. A review of surgical video recordings grounds the

metric developers in actual operative performance and the enactment
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of specific errors. Full-length surgical videos eliminate the need for
them to rely primarily on their recall of errors that might potentially
occur based on past experience or prior instruction of those learning
the procedure. Finally, observing errors as they are actually enacted
facilitates the creation of unambiguous and accurate operational

definitions for the related error metrics.

8.34 Sentinel Errors

It was impractical if not impossible to accurately and appropriately
weight each of the error metrics on any reliable scale. However, it was
acknowledged that some errors are more egregious and potentially
accompanied by more severe consequences. In previous research, the
term ‘critical’ has been used to designate those more serious errors.[22,
79, 212] Depending on the severity and consequences of the particular
surgery and error (i.e. a vascular laceration during a laparoscopic
procedure), the designation as critical may be very appropriate. In
those instances, enactment of a critical error may justify automatic
failure for the trainee being assessed. It would be extremely rare,
however, for a complication related to an arthroscopic surgical
procedure to result in a life-threatening complication or one of dire
consequences. In our investigation using an arthroscopic Bankart
repair, the term critical did not match the typical circumstances. In
addition, it was felt that the label critical could also potentially have

unwarranted medico-legal implications.

We considered the term ‘sentinel’ (‘to watch out for or be observant of’)
to be a more appropriate designation for more serious errors during an
arthroscopic shoulder procedure. A sentinel error was defined as one
that either: a) had the potential to jeopardize the outcome of the entire
procedure, or b) led to iatrogenic damage to the involved joint. To the
extent that a particular metric based evaluation may be used for high
stakes assessment, even the designation of some errors as sentinel may

create significant difficulties. While the first definition appears

248



appropriate at face value, it is in fact only the opinion of the Delphi
panel that the particular error could jeopardize the outcome - no
supportive data exists to objectively confirm that assertion. As the
definition of sentinel relates to iatrogenic damage to the joint, only
those insults that are directly observed on the video can be scored.
Thus, a number of significant tissue insults could occur, not be
observed, and therefore not scored. As a result, scoring only those
sentinel errors that were observed might not accurately represent the
overall technique quality in avoiding damage to the joint tissues. We
did, however, find it helpful to designate particular errors as sentinel
for instructional purposes.[94] For example, the awareness of potential
laceration of the labrum (a sentinel error) led trainees to exercise
caution in using the liberator/elevator to mobilize the capsulolabral

tissues from the glenoid.

Sentinel errors occur relatively infrequently. If they were used to
establish a component of the benchmark, they could have an
unwarranted impact on whether or not a surgeon demonstrated
proficiency. Itis our belief that if the number of sentinel errors created
is used as a component of the benchmark for high stakes assessments,
rigorous study should be conducted and objective evidence presented
to validate the significance of that special designation. Whether sentinel
or critical errors are used as a component of the proficiency benchmark
or not depends heavily on the nature of the surgical procedure and the

probable consequences of the particular error.

8.35 Novice and Experienced Cohorts

In an attempt to verify construct validity of the Bankart metrics, it was
necessary to identify representative experienced and inexperienced
groups to determine whether the metrics are able to discriminate
between different levels of operative performance. We sought to
identify a group of experts to serve as the reference cohort. However,

no established, objective definition exists as to what constitutes ‘expert’
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performance for an arthroscopic Bankart repair, and thus, the term
‘experienced’ was chosen instead. It was believed that those routinely
serving as faculty for shoulder arthroscopy training courses would
accurately represent the skilled group. We were able to obtain an
adequate number of full-length videos from the group of experienced

performers.

The novice group proved more challenging to identify. Our initial intent
was to have those who had been in practice for 1 - 3 years participate
as the novices. Despite the incentives of free textbooks and reduced
course registration fees, we failed to obtain more than a few videos
from those early in practice. Our impression was that less experienced
surgeons were reluctant to submit videos that exhibited mistakes and
suboptimal performance. We next considered sports medicine and
arthroscopy fellows, but could not obtain ‘pure’ full-length videos from
them as there was often ‘attending take-over’ during a case. When
those transitions occurred was impossible to identify. Understandably,
the responsible attending surgeon would not permit errors and
suboptimal performance to go unchecked during surgical procedures

on their patients.

Since videos of live surgery representing the novice group could not be
obtained, we ultimately elected to use cadaver shoulders for the
arthroscopic Bankart repair investigation. Cadaver shoulders were the
most feasible platform and their use constituted the closest
approximation to live surgery. In part, for practical reasons as well as
efficiency in data collection, we chose to obtain videos during routine
AANA resident arthroscopy courses using cadaver specimens.[65] The
faculty participated as the experienced group and the 4rd and 5t year
resident registrants served as the novice group for the determination of
construct validity. As there was no clinical consequence to procedural

errors committed on the cadaver shoulders, true, unbiased novice
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performance was obtained and represented on the full-length videos

captured.

8.36 Knot Tying Assessment

An attempt was made to write metrics for the evaluation of knot tying.
It proved extremely difficult and unreliable to determine the quality of
the primary knot on video assessment and whether or not half hitches
were delivered on alternating posts with reversed throws. Even when
the components of the knot were observed with sufficient clarity, only a
visual appearance of the final knot was possible, which provided little
information about the integrity or function of the knot construct. For
the assessment of knot integrity, the use of an Instron or similar
mechanical testing device was too expensive and impractical. [t was
determined that an accurate, objective method to evaluate knots was
needed. Although it was not possible to evaluate each of the knots
thrown during the performance of a Bankart repair, we believed it was
nevertheless essential that endoscopic knot tying skill be assessed and
verified. We initially struggled to identify an economical and acceptable
testing methodology for quantitatively determining how much a knot
slipped and loop enlarged. After various trials, a testing method was
formatted and validated. A spring-loaded lever attached to a base plate
was devised to deliver a static stress of 15#s for 15 seconds. When
applied to the suture loop after an endoscopic knot was tied, this simple
device was found to be accurate and reliable. The resulting loop
elongation could be accurately measured by passing a previously
stressed suture loop along a graduated cone (a simple nail punch was as
the first prototype). The greater the loop in length (circumference), the
further it would pass up the reference cone. The knots tested were all
created around a cylinder of uniform diameter. In previous
investigations, loop elongation of 3 mm or more was considered to be a
failure of the knot construct.[221, 234, 270] An etching on the cone was
placed to identify a loop 3 mm larger than the circumference of the

reference cylinder. Thus, a previously stressed loop that slid up the
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cone past the etching constituted a failure of the knot construct. Despite
the measuring cone and spring-loaded tensiometer being created from
inexpensive materials that were readily available, they proved to be

accurate, reliable, and of great utility.

8.37 Proficiency Based Progression Randomized Trial Subjects
The intent of the randomized trial was to determine the relative effect
of three different training curriculums on the acquisition of the skills
necessary to perform a technically well-done arthroscopic Bankart
repair. It was felt to be optimal for the study participants to all be
relatively untrained and homogeneous. Postgraduate fellows in sports
medicine or arthroscopy were initially considered to serve in the study
groups for the randomized trial. This group was rejected as some
fellows, toward the end of their fellowship training, have become quite
proficient at performing the index Bankart procedure. Other fellows
may have had little opportunity to participate in shoulder instability
cases. In that scenario, the study population would lack homogeneity.
The disparate level of experience could potentially confound the
observed effects of the different training regimens and result in the
investigation failing to show a difference in the 3 curriculums, when in
fact one existed. Ultimately, we chose to enlist 4th and 5t year
orthopedic residents to serve as the relatively homogeneous and

untrained novice study population.

8.38 Study Duration

A true proficiency based progression curriculum would enable the
trainee to practice repeatedly over time until proficiency was
demonstrated before progressing to the next skill level. A pure PBP
training program was not feasible for our study design as repeated
training and testing efforts could not practically be conducted for
individual residents from different geographic locations over an
extended period of time. Uniformity with respect to faculty, cadaver

labs, and testing equipment necessitated that the investigation be
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conducted over a 2-day course at the Orthopedic Learning Center in
Rosemont. Every effort was made to adhere to the principles of PBP
training and allow for repeated practice and performance evaluations
to occur. For most of the assessments, no time limit was imposed nor
was the number of trainee attempts to demonstrate proficiency
restricted. However, after careful consideration, we elected to limit the
residents in the study population to two attempts to reach the
proficiency benchmark for the arthroscopic instability repair using the
dry model simulator. For those who failed the initial attempt to
demonstrate proficiency on the model, a review session with their
faculty instructor and the rater who scored their unsuccessful attempt
was conducted. Once the trainee’s deficits were thoroughly reviewed
and the corrections practiced, a new model simulator was provided and
a second attempt afforded for the trainee to demonstrate proficiency.
The review, practice, and repeat testing for an individual trainee often
required up to 4 or 5 hours. It was not possible to repeat this process
more than once (for a total of 2 attempts). We believe that it is
probable that given additional time, study, and directed practice, most if
not all of the residents across the different curriculums would have
been able to achieve the all of the intermediate proficiency benchmarks
and the final Bankart evaluation benchmark. Despite the limitations in
study duration, an accurate assessment of the impact of a PBP training

curriculum was obtained.

9. Conclusions

The AANA Copernicus Initiative was a rigorous investigation into the
premise query, “Is there a better way to train surgical skills than our
current methods?” The related research enabled an accurate
assessment of the impact of proficiency-based progression (PBP)
training for the surgical skills required to perform an arthroscopic
Bankart shoulder stabilization procedure well. A PBP curriculum
coupled with simulation training was dramatically more effective than

simulation-based training as well as current AANA training methods. All

253



of the three training courses were staffed with faculty of the same level
of experience. Simulation-based training groups had the same
resources expended during the actual course. Despite this matching of
time and resources for the 3 curriculums, the PBP - simulation training
group who met all of the intermediate proficiency benchmarks
completed significantly more procedure steps, made significantly fewer
errors and sentinel errors, and were more than seven times as likely to
be able to demonstrate the final proficiency benchmark as the standard
resident training group representing the apprenticeship model. So why
was PBP simulation training more effective at achieving these

performance levels?

PBP is a method of training that is systematic, quantitative and
evidence-based. Precisely what should be trained for a given procedure
and how the curriculum should be constructed is derived by
practitioners who are very experienced at what they do and are
intimately familiar with both the performance of the index procedure as
well as instructing trainees in the techniques involved. In
deconstructing the arthroscopic Bankart procedure, the metric authors
systematically identified and operationally defined characteristics of
surgical performance that captured the essence of optimal performance
for the selected repair. This comprehensive characterization was then
stress tested, and rigorously examined and verified for face, content,
and construct validity when coupled with either a medium fidelity
shoulder model simulator or a cadaver shoulder. These processes
ensure that the metrics derived from the characterization are not only
able to discriminate between novice and experienced surgeon
performance, but also appropriately depict and capture the essence of
optimal performance for a reference approach to the given surgical
procedure. The validation process helped to identify the metrics that
best distinguished between experienced and novice surgeons,
providing clear guidance as to what aspects of the curriculum need

particular attention during training. Furthermore, the intermediate
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assessments provided the individual trainee with the identification of

their specific individual deficiencies that required correction.

Knowledge does not equal skill, but provides a foundation for skill
development. The cognitive exam ensured that the trainees had a firm
grasp on the steps to be completed and the errors to be avoided. The
orientation video exhibited all of the steps of the arthroscopic Bankart
procedure and either demonstrated or identified all of the errors to be
avoided. During the course of instruction, the faculty ‘taught to the
metrics’ providing reinforcement of the metrics for the individual
trainee and uniformity in the objectives for the entire group of PBP
trained residents. The strategy of proximate feedback linked to
deliberate practice facilitated the prompt, specific, and effective
rectification of errors and facilitated an efficient and effective approach
to skill acquisition. Intermediate performance reviews afforded an
accurate assessment of the trainee’s progress and helped identify
specific skills requiring further refinement. Specific, unambiguous, and
clinically relevant performance benchmarks were not based on best
guess or aspiration but rather on the actual mean performance of
experienced practitioners. Thus, the benchmarks are not an abstract
goal but a standard grounded in clinical reality and difficult to dismiss

by the trainee as unrealistic targets.

The development of the components of the metric based training
curriculum must precede selection of the appropriate simulation to
train for specific tasks and skills. Simulators of varying fidelity are
often needed from box trainers for knot tying and bench top anatomic
models for routine techniques to VR simulators for more complex skills.
The medium fidelity simulator used in the Copernicus investigations
provided the opportunity for repeated practice of all of the important
skills necessary for the effective performance of an arthroscopic
shoulder instability repair. Expensive, high fidelity virtual reality

simulators are not essential for all aspects of surgical skills training.
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All of the training components combined to constitute a curriculum that
is substantially more than ‘an interesting educational experience’. The
acquisition and demonstration of the important component skills of a
procedure to an equitable, transparent, and relevant standard helps to
ensure that the surgeon is optimally prepared to provide their patient a
successful surgical experience. This training methodology was shown to
be very effective even when applied across a large number of residents

from training programs throughout the U.S.

The evidence supporting a PBP approach to training surgical skills is
compelling. The challenge for the surgical community is not so much to
believe that PBP is a superior training paradigm, but rather to embark
on a strategy to formulate and implement those concepts into our
current and future preparation of surgeons in a timely manner. The
costs incurred to implement the principles of PBP training in our
educational programing will be substantial, but are likely to pale in
comparison to the price tag for managing surgical complications as well
as the inestimable cost to patients of suboptimal outcomes. Knowing
that substantially better training for surgical skills is possible, it is
incumbent upon the surgical community to employ that preparation for

the benefit of our patients.
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The Overhead Athlete: How to Examine. Test. and Treat
Shoulder Injuries. Intra-articular Pathology

Richard L. Angelo, M.D.

ANTEROINFERIOR INSTABILITY

he overhead athlete typically places demands on

his or ber shoulder that far exceed actvities for
the normal population. Intra-artcular pathology in the
overhead athlete includes microinstability, SLAP
tears, internal impingement, biceps tendinopathy, and
these pathologies are mterrelated and often coexist
creates a challenge in identifying specific etiologies.
The pathomechanics involved in the overhand throw-
in particular are complex. Treatment of these entities
in the past has produced mixed results. As the results
of valuable research accummlate, more unified models
are evolving that begin to better explain the breadth of
clinical findings. With 2 more complete understanding
comes the hope of more effective reatment strategies.

MICROINSTABILITY

Progressive acquired capsular and ligamentous at-
temuation unrelated to specific Taumatic events may
mmesmdysfmmmmﬁedlmlds Symp—

mbﬁhtyhxbmchscﬂnd.thepadnbgyxsm
truly one of instability. Rather than being caused by
capsular and ligamentous laxity, it is due to capsular
tghmess and aberrant posterosuperior glemobumeral
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tansladon. This is addressed later with internal im-
pingement.

Repetiive overhead sports activites mcluding
mmgvoneybanmmﬁgymmsmycm—

The anterior Jobe relocation test is a helpful sign. It is
considered to be positive when the patient’s apprehen-
sion created by the examiner placing the shoulder in
abduction and external rotation is eliminated by a
scopic findings may include a posiive “drive-
through™ sign in which the arthroscope can be passed
through a generous glenohumeral interval from pos-
terior to anterior across the shoulder joint. Depression
or concavity of the labrum and glenoid chondromala-
cia are footprints of excessive translation of the hu-
meral head on the glenoid. Occasionally, an incom-
plete Bankart lesion is present and may also create
subtle anteroinferior mstability.

Treatment options include an arthroscopic capsular
plication that allows the surgeon, with some “guesti-
mation,” to roughly quantitate the magnitude of cap-
suloligamentous shortening that is produced. A rasp or
whisker shaver blade is used to lightly excoriate the
capsule along a 1.5-cm band adjacent to the labrum. A
tuck or fold of capsule is then initiated by mserting a
curved, canmulated suture hook into the capsule 10 to
1.2 cm lateral to the glenoid rim, passing it immedi-
ately deep to the capsule, and exiting approximately 5
mm lateral to the glenoid nm_ The fold of capsule is
then created by delivering the suture hook beneath the
intact labrum to exit centrally. Long-term follow-up is
not available for this technique, but early results are
encouraging and the risk is relatwvely low because
mirumal tissue destruction is created.
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A second opdon to stabilize the shoulder is to
perform a thermal capsulomrhaphy. A great deal of
debate has swrounded this technique in the past sev-
eral years regarding its safety and efficacy. The hm-
ited clinical studies that are available show widely
varying success rates. Levitz et al.' reported 85%
success rate m 122 throwing athletes when thermal
capsulorrhaphy was used as an adjunctive tool. Others
have reported failure rates from 15% to 60% depend-
ing on the primary clinical pattern of instability 2 The
visible tissue response to the heat probe is quite vari-
able and is an unreliable guide to the magnitude of the
thermal effect on the tissues. Reports of permanent
capsular damage have led to recommendations for
“striping” or creating a gnid pattem rather than paint-
ing the dssues. It is advisable to leave as much healthy
untreated tissue as that which is thermally altered.
Capsular necrosis, stiffness, and axillary nerve injury
are concems and this modality must be used with
caution ?

The open capsulolabral reconstruction has been re-
ported to permit retum of up to 75% of professional
baseball players for at least one full season subsequent
to shoulder repair. A gansverse incision rather than a
vertical detachment of the subscapularis avoids much
of the morbidity associated with an open procedure
and permits earlier and more aggressive rehabilitation.
A “pants over vest” imbrication of the capsule along
the glencid rim is created to reduce the capsular vol-
ume and restore stability to the shoulder.

STRAIGHT ANTERIOR INSTABILITY

Straight anterior glenobumeral instability is rela-
tvely uncommon and may result from tearing of the
midlabrum and detatchment of the middle glenohu-
meral igament origin. Associated partal articular sur-
face rotator cuff tears are identified in approximately 2
thirds of patients. In addition to repetitive overhead
actvities, glenohumeral hyperextension at neutral ro-
tation and 45° abduction may also produce this pa-
thology. Examinadon findings include a positive load
and shift test and a positive anterior Jobe relocadon
test. A posiive Whipple test denotes pain on resisted
elevation of the arm in the scapular plane if associated
supraspinatus tearing is present. Treatment includes a
suture anchor repair of the anterior labrum and asso-
ciated muddle glenobumeral ligament complex along
with arthroscopic debridement of the articular surface
rotator cuff tear.

ANTEROSUPERIOR INSTABILITY

Anterosuperior instability is also relatively rare.
The eponym, SLAC (superior labrum anterior cuff)
has been used to describe this lesion * An anterosupe-
nior labral lesion, a superior glenchumeral Lgament
tear, and a partial articular surface supraspinatus tear
have been noted. Occasionally, chondromalacia in the
superior glenoid quadrant is detected. Approximately
50% of the patents who have been recognized with
this entity have been overhead athletes, and 50% have
labral and glenobumeral ligament damage is either
repaired or debrided along with the rotator cuff.

SLAP-BICEPS LESIONS
The superior labrum is typically more meniscoid in
appearance than the inferior region. The biceps anchor
has a vaniable attachment to the supraglenoid tubercle
with approximately 25% to 50% attaching to the bony

tbercle and 50% to 75% attaching predominandy to
the posterosuperior labrum. Normal variants include

an anterosuperior sublabral foramen and the “Buford
complex"acclﬂ-!ibmiddleglemhm:lligm
Snyder® was the first to classify superior labral tears.
Type I consists of superior labral fraying (20%); type
10, biceps-labral detachment (55%); type I, a superior
bucket-handle tear (9%); type IV, a bucket handle tear
with extension into the biceps tendon (10%) and com-
plex (5%). Microinstability, intemal impingement
(discussed later), marked external rotadon of the ab-
ducted arm * and racdon on the long head tendon of
the biceps during deceleration of the throwing arm are
possible mechanisms of injury creating SLAP lesions
in the overhead athlete 7%

Many tests have been described to diagnose supe-
The following are more reliable. The posterior Jobe
relocation test (for posterior or superior SLAP lesions)
is begun by placing the patient’s arm in 90° abduction
and full external rotation. promoawerupamls
relieved by the examiner creating a posteriorly di-
rected force on the upper arm, the test is considerad
positive. The O"Brien test is performed by placing the
patient’s arm in 90° flexion, 25° adduction, and full
intemal rotation. Dowmward pressure on the arm by
is considered positive for an anterosuperior labral tear
if the pain on resisted flexion is eliminated with the
arm in a similar position but with the forearm supi-
nated. Kibler's anterior slide test is begun by asking
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the patient to their place hands on their hips with the
elbows directed posteriorly. With one hand, the ex-
aminer supports the scapula. The other hand creates an
anterosupeniorly directed force on the patient’s elbow.

suspectad.

A challenge is often presented to the arthroscopist
in deciding which supenior labral tears are signufi-
cantly pathologic and require treatment. A large recess
between the superior labrum and glenocid may be a
normal occurrence. The findings that suggest signifi-
cant pathology include hemorrhage and irregulanty at
the biceps anchor, superior labral arching with biceps
traction, biceps “peelback™ with abduction and exter-
nal rotation of the shoulder, and a positive “drive-
through™ sign seen arthroscopically. Treamment in-
cludes debridement for type I tears, suture anchor
repair for type II tears, resection versus repair for type
II lesions, and repair, debridement, or occasionally
tenodesis for type IV tears ®

INTERNAL IMPINGEMENT

The constellation of pathology found with imternal
impingement includes posterosuperior SLAP tears, a
partial articular surface tear of the posterior supraspi-
natus, and posterosuperior glencid chondromalacia.
Walch et al."® were among the first to describe this
and posterosuperior glenoid was thought to occur nor-
mally in full abduction and external rotation, it was
with which it occurred, especially during throwing,
led to labral and rotator cuff damage. It was also
believed that decreased bumeral reqroversion may ex-
acerbate the problem. Jobe'' and Davidson et al.'?
atmributed the pathologic findings of mternal impinge-
ment to acquired anteroinferior microinstability that
compromises the obligate posterior rollback of the
bumeral bead during abduction and externmal rota-
ton.*> The anterior translation and lack of roll-back of
the bumeral head were believed to permut increased
impact of the greater tuberosity on the posterosuperior
glenoid. In addition, hyperangulation of the glenohu-
meral jomt in the transverse plane was thought to
increase the frequency and magmitude of the greater
tuberosity-rotator cuff contact on the posterosuperior
glenoid. Kibler's suggested that a loss of scapular
synchrony with mefficient scapular elevation and re-
traction also created hyperangulation of the glenchu-
meral articulation. Eventually, the increased stress on
the antenior capsulolizamentous structures was be-

Lieved to create an acquired anteroinferior microinsta-
bility. Components of several of these models Likely

Mghwnumnethepzﬂ:ologccascadeuaglab-
bumeral internal rotation deficit (GIRD) due to a con-

tracted posterior capsule. As the arm comes into ab-
motion, the contracted posterior capsule “slings™ be-
neath the bumeral head. After the excursion in the
posterior capsule reaches it limit, the bumeral head
then begins to “roll up™ the capsule much like a tire on
a rope and results in an aberrant posterosuperior shift
of the humeral head. This shift creates shear forces
that produce posterosuperior labral tearing and gle-
perior shift in the axis of humeral head rotation is a
pseudolaxity of the anterior capsule. As the humeral
head translates posterosuperiorly, it no longer “fills™
the anterior capsule and permits a capsular redun-
dancy. Both this anterior pseudolaxity and the in-
creased clearance between the greater tuberosity and
the posterosuperior glenoid, caused by the posterior
humeral head shift, permit hyperexternal rotation of
the shoulder. As the humeral head externally rotates
excessively, there are 2 consequences. First, along
with excessive torsion of the biceps tendon, the vector
of the tendon becomes more posteriorly directed than
normal and leads to a “peelback™ of the posterior and
supenior labrum '%'7 Second, excessive torsion of the
rotator cuff may conmbute to tearing of the articular
surface fibers. Finally, a “break in the ring” of the
posterosuperior labrum (circle concept) is thought to
add to the anterior capsular pseudolaxity that may be
manifested as a positive “drive-through™ sign during
arthroscopy.

Examination findings of significance include a loss
of intemal rotation greater than 25° and a positive
posterior Jobe relocation test. Excessive anteroinferior
glenobumeral ransladon may be detected but is often
difficult to quantitate.
modification, nonstercidal ant-inflammatory medica-
ton (NSAIDs), focused posterior capsule stretching,
and rotator cuff and peniscapular strengthening. If
posterior capsular stretcching is unsuccessful, a imited
arthroscopic posterior capsular release may be indi-
cated in a small number of patients.'® If there appears
to be significant anterior inferior microinstability, con-
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mmymedtobeg:mﬁotmnw
capsular plicaton, thermal capsulorrhaphy, or open
anterior capsule labral reconstruction.’” When a pos-
terior or superior SLAP II lesion is present, it should
be repaired and will usually eliminate the drive-
through sign seen at diagnostic arthroscopy. Partial
articular surface cuff tears are debrided to stable
healthy tissue.

PARTIAL ARTICULAR SURFACE
ROTATOR CUFF TEARS

The etiology for partial ardcular surface rotator cuff
tears is likely multifactorial but may include repedtive
traction on articular surface fibers such as during
deceleration of the throwing arm™ and internal im-
pingement as described above. Biomechanically, the
articular surface of the cuff may be more likely to fail
under tensile rather than compressive forces?! A

1 tear describes a defect less than 3 mm
(< 25%); grade 2, 3 to 6 mm defect thickness
(< 50%), and grade 3, greater than 6 mm defect
thickness (> 50%). Treatment includes an arthro-
scopic debridement to stable healthy rotator cuff tis-
sue. For the few that are grade 3 tears, consideration
may need to be given for an arthroscopic or mini-open
compression may be considered part of the manage-
ment for grade 1 and 2 artcular surface tears as
suggested by Payne et al.® Great caudon should be
exercised if instability is a component of the pathol-
ogy because a subacromial decompression may
Worsen symptoms. =

SUMMARY

The pathology in the overhead athlete’s shoulder is
often complex, with substantial overlap between mi-
and pardal artcular surface rotator cuff tears. An
accurate diagnosis demands the careful integration of
smdies, examination under anesthesia, and findings at
saﬂ:edhzvexﬂznwlyhﬂe-mdxmorlmg—m
follow-up and remain controversial.
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Arthroscopic Setup: Approaches

and Tips for Success

Richard L. Angelo

PATIENT POSITIONING

The safety and exse with which an arthroscopic shoul-
der procedure ts accomplished frequently relates to how
the patient s positioned and how accurate and utibttar-
tan are the portals that have been established. Although
minor variations extst, most surgeons employ either the
lateral decubitus or the beach chatr positions, and each
has its proponents. The chotce ts largely Infleenced by the
Emiliarity gained while the surgeon was learning shoul-
der arthroscopy, the ease and anticipated likelthood of
comverting o a mini-open procedure, and the avallabelity
of sargical assistants and supportive devices for arm posi-
tioaing. Equipment ts readily avatlable 1o factlitate the use
of etther position.

Lateral Decubitus Orientation

The suptne posttion ts used during the Induction of gen-
eral anesthesta. The patient ts then repositioned In the lat-
eral decubttes orientation on a vacuum bag (Fig. 1.1A, B).
A gel pad can be layered on top of the bean bag, partics-
larly if there 1s the antictpation that the procedure may be
prolonged. A soft axtllary roll is placed beneath the upper
thorax to minimize direct pressure on the axilla, and the
head & supported in 2 neutral orfentation. The patient s
allowed to roll back approximately 13 degrees orienting
the glenosd parallel with the floor. The vacuum bag & then
evacmted to maintain support. All bony prominences
must be appropriately padded, in particular the fbalar
head 1o protect the peroneal nerve. The operating table
is then rotated to position the anesthestologist and neces-
sary equipment in an area near the middle of the operating
tzble near the patient’s abdomen. The surgeon is thus pro-
vided with unrestricted access to the involved shoulder.
Monitors are located for easy viewing.

If the primary procedures are to be performed in the
subacromtal reglon, that is, rotator culf repair, the primary
monitor ts positioned superior and anterior to the patient’s
head. A secondary monttor for use by the surgical assis-
tant may be located in front of and above the patient’s
abdomen. When the work to be completed ts primartly

in the glenohumeral joint, that s, 2 Bankart or SLAP re-
patr, the monilor is set across from the surgeon near the
patient’s abdomen 2 the general viewing direction for gle-
nohumeral procedures ts antertor. The arm ts sapported In
30 1o 40 degrees of abduction and 13 degrees of forward
flexion using 10 Ib (4.5 kg) 1o suspend rather than place
signtficant traction on the arm. This shoulder position is
varied during the case depending on the access necessary
to specific locaticns. Numerous sterile sleeves and gaunt-
let devices are commercially avallable 10 support the arm.

Arthroscoptc Bankart repairs may be factlitated by di-
recting 10 Ib (4.5 kg) of accessory traction laterally (per-
pendicular to the humerus) to distract the shoulder and
tmprove access o the antertor aspect of the glenchumeral
Joint. Altermatively, 2 similar manual maneuver can be
accomplished by an asststant. A routine sierile prep and
drape are then performed. The lateral decubttus method
eliminates the need for an assistant or mechanical device
to support the arm. Internal and external rotation of the
suspended arm affords acceptable access Lo the entire rota-
tor cufl. If range of motion ts o be assessed, that 1s, at the
completion of a2 Bankart repair, the arm s removed from
suspension for the motion exam while matntatning steril-
ity of the sleeve suspension loop.

While working in the glenohumeral joint, the moal-

tor view of the glenotd ts typically orlented parallel with
the floor. When working in the subacromial space, how-

ever, the sargeon may elect (o elther mamntain this orenta-
tion (the acromion ts vertical) or rotale the camera head to
view the acromion in 2 position parallel with the floor (as
1t would appear with the patient standing).

Il converting to an open procedure through a standard

deltopectoral approach for the glenoh I joint, sab-
scapalarts, or biceps tendon, the e p of the
= d and the pattent’s arm is

allowed to rest on the ipstlateral hip. The vacuum bag tsat
least partially inflated (softened) and the patient allowed
to roll back Inlo a more supine position. A draw sheet &
used to center the patient on the operating table. The table
ts then configured 1o 2 gentle beach chair ortentation with
acceptable posttion and support for the head and neck
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AGURE 1.1. A: Patent positionad In the biteral deasbits orfentation; anesthests sstup is naar the chest. Dual monitoes are
helpful, partiodarly for the wiewing of 2n axtant. B: Once daping & completa, casy actess to the eatire shoulder & afiorded;

the am s "suspendod” with 10 B theough 2 dispossblo arm sheeve.

verified. Although It & unnecessary to completely reprep
and redrape, it 1s prudent to replace the clean, stertle bar-
rier sheet anterior to the shoulder 1o shield the anesthes-
ologtst and related equipment.

1f the surgeon elects to convert Lo a mint-open approach
1o the subacromial

b «h.

permit the Ider to overhang the side of the ta-
ble. Once the hips are flexed Y0P to 80° and the legs 30F, the
back & then elevated approximately Y0°. After padding boary
prominences, 2 vacuum pack supports the hips and thorax,
bet is displaced from the ipsilateral pertscapular regton.

lhhoughmptdcﬁ:nlluuwkpoﬂmodymm
the surgeon 1o improve access (o the anierior shoulder. An
appeoach 10 the supraspinatus and infraspinatus ts readily
obwndbyulmdmgdnhm:lmhaomﬁl(l&\)poml
proxtmally. An absorbable suture s duced
mwmm:mgwmmdmpomla.
fect 10 prevent inadvertent distal extension and o

Al ,,aspa:lallymwnbkmlhanmov
able wing for exp of the Ider may be
employed (Fig. 1.24, B). Arclauv:lymorevmulon:n
tation for the back will minimize the dependent position
of the camera when the scope is in the posterior portal
and also minimize lens fogggng. However, a more upright
pmmlorﬂzﬂmnxlmthahydmncpmnm
the head and the brachium. Tl'zmesthz-

injury to the axillary nerve. The deltoid 1s then divided
proxtmally aloag its fibers to the level of the acromion.

Beach Chair Orientation

Some sargeons prefer the beach chair posttion due 1o its
more anatomic orlentation, which conforms to the famil-

tar open approach. (1) The patient’s thorax & posttioned 1o

saologgnzts-pnarlhe (s lved should

mdtbemmgnoullalsph:adappmulh:mpon
near the foot of the table. A surgical assistant or a stertle,
maneuverable mechanical arm holder adjusts the positton
of the shoulder during the procedure, depending on the
access necessary. Somewhat greater mobility of the arm
exists when compared with the lateral decubitus position.

FIGURE 1.2. A: Patient positionsd in the baach chair orlentation; anesthesta setup Is naar the contrabateral shoulder: 3 table
with 2 movable wing affoeds easy access to the entire shouldar. B: The anterior and postorior aspects of $he shouldor am
raadiy accassed; 3 storfio arm positioner can be added If desired.
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CHAPTER 1: ARTHROSCOPIC SETUP- APPROACHES AND TIPS FOR SUCCESS 5

The wpright (anatomic) ortentation for the arthro-
scope and montior view Is maintained while working
tn both the glenohumeral and the subacromial regions.
Coaversion 1o an open procedure for all regtons of the
shoulder is relatively simple and only requires reducing
the degree of thorax elevation. The vacuum pack must
be at least partially inflated in order to safely change the
puzu‘spaslmvmhouauungmpoms.m

ly, a rel; y more supine position for the thorax

o

can often b:aom-pishdbyulmalhgenurznbkmm
greater Trendelenberg,.

A recent case report identified four patients who un-
derwent shoulder surgery in the siting position, which
resulted in one death and three patients with severe brain
damage (2) Cerebral hypoperfusion, rather than cardio-
vascular risk factors, was believed to be the cause and may
be attributable to differences in bicod pressure reference
points. A blood pressure difference as great as 90 mm
Hg between the head and the call may exist in the sitting
position based on hydrostatic Bctors alone. Potentially

and that perform a large number of blocks will help to
minimize untoward events (%) Polential seriows compli-
cattons have been reported including cardiac arrest, grand
mal setzures, hematoma, and pneumothorax. Possible
neurclogic injuries include damage to the recurrent k-
ryngeal, vagal, and axtllary nerves. Phrenic nerve dysfunc-
tion Is common and can give rise to significant resperatory

at 24 hours and 3% at 2 weeks post-op), (6) or a brachial
plexus palsy, which may be tramsient, require proloaged
recovery or be permanent in 2 very small number of cases.

It ts essential that the block be performed iIn the
awake patient who ts able to provide critical feedback dur-
tng administration of the block. More recently, the use of
ultrasound to guide placement of the needles has added a
measure of safety. Fven with a successful block, the dura-
tion of pain relief averages oaly 9 to 10 hours following
surgery, which may make pain management challenging
in an ocutpatient setting. (4) A thorough disclosare of the

catastrophic cerebral hypoperfuston may be ded by
precautions inchading placing the blood pressure cuff on
the brachtum rather than the calf, (3) maintaining peri-
operative blood pressure values at 2 mintmum of 80% of
preoperative resting values, and ensuring that the intra-
operative blood pressure is at 2 minimum of 100 mm Hg

I risks should be discussed with the patient, pref-
uﬁlyhdmd:ndlumoﬁummgd.ﬂnglkm
tive visiL
Adjunctive Pain Management
The suprascapular nerve supplies Y0% of the sensation to

at the level of the head. Loss of viston and ophthalmopl

g2 have akso been reporied following general anesthesta
with the patient in the beach chair position, but the exact
mechanisms for this pathology are unclear. (3) Throm-
boembolic events are also posstble with the pattent in the

sitting position and make the use of cydical paeumatic
compresston cuffs around the calves prudent.

ANESTHESIA CHOICES

General Anesthesia

Both endotracheal intubation and 2 laryngeal mask alrway
(IMA) provide safe, rellable options for matntaning the
alrway during general anesthesta. No durable analgesta s
afforded once the patient awakens, and nausea/vomiting
can sometimes be difficult to manage in the perioperative

pertod.

Interscalene Regional Block

Interscalene blodks (ISHs) provide anesthesta, muscle re-
laxation, and postoperative analgesta although supportive
parenteral pain med! may be y during the
tmmediate postoperative period. (4) An 1SB can be used s
the primary means of anesthesia or 25 an adjunct to gen-
eral anesthesta. As with any Invastve procedure, the risk/
benefit ratio delermines its use. Proponents noie its effec-
tiveness despite the frequent need for some additional nar-
cotic support during the immediate postoperative period
and us relatively low risk of serious complications. Dedi-
caled anesthesta teams commitied 1o reglonal anesthesta

the shoulder joint. Insttllation of 20 cc of 0.2%% buptva-
caine adpcent to the suprascapular nerve may result in up
to 2 30% reduction in postoperative narcotic usage and a
3-fold reduction of nausea. (¥ 8) Thes block carries a low
risk when performed with a blunt-ttpped needle, and may
be repeated as necessary, even in an office setting on the
firet postoperative day. (9) In addition, local mfiltration
of the portal sttes with 0.5% buptvacaine leads to further
reduction in pain. Pain pumps remain controversal, but
have been consistently used in the subacromial space with
safety provided that the glenohi | joint ts not exposed
to the catheter and mfiltrate. Cooling jackets using cir-
culating ke water may also substantially tmprove patient
comfort.

PORTALS

When arthroscopic portals are properly placed, they will
provide the necesary field of view and instrument access
to destred locations within the

Jotnt, acro-
micclavicular oint, and subacromial space. (10-14) A thor-
ough knowledge of the regtonal amatomy, particularly the
palpable bony landmarks, will improve safety and ensure ac-
curacy in establishing the desired portals. There is a greater
margin of safety in creating access to the sabacromial space
where the use of variows accessory portals is routine.

General Technique
Bony landmarks are identified by careful palpation and
mapped at the beginning of the case petor to soft tissue
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6 SECTION | THE SHOULDER

distortion from faid extravasstion. Anticipated portal sites
are referenced from the landmarks and sdentified ustng a
surgical marker. All anatomical references and diagrams
provided here are for a right shoulder with the patient in
the lateral decubttus position. Minor adjustments (o the
recommended distances from amatomic landmarks may be
necessary il the patient is supportied in the beach chair
ortentation or for particularly large or small patients. As
experience Is gained, surgeon pref e may also lead 10
subtle adpastments in the skin entry site for various por-
taks. The posterior glenchumeral portal is typically estab-
lished first. It 1s recommended that all subsequent portals
be made tn an outside-in manner under direct vision after
first establishing the destred tract with a spimal needle. A
small skin incision ts made at the chosen entry site and 2
trocar and cannula directed along the path identical to the
spinal needle and into the glenohumeral joint or subacro-
mial space.

Glenohumeral Portals (Fig. 1.3)

Posterior (P) serves as the primary intra-articular view-
ing portal and provides Instrument access (o the posterior
glencid labrum and rim, postertor capsule, and articular
surface of the infraspinates. The feld of view Includes the
glencid, postercsupertor humeral head, anterior capsule,
biceps, saperior subscapularts, glenchumeral ligaments,
and articular surface of the suprasptnatus and saperior
subscapularts tendoas (Fig. 1.4A, B). The entry site 15 1.0
to 1.5 cm tnfertor and 1.0 cm medsal to the posterolateral
(PL) corner of the acromion.

Alter creating a small skin incision, the cannula Is
introduced and directed toward the coracold up. IF 1t is
anticipated that this portal will be employed to drill or
insert anchors along the posterior glenodd rim, the entry

Aﬁl

AGURE 1.3. Rght shouldar In the lateral decubitus: onantation viewed
from suparior (antarior ks o the left); bony landmarks are mapped out
2nd the common glnohumenl portaks are identfied; P, postarior; A,
anterior; P, posteroinfarior; PL, postenclateral ("Port of Wikmington ™),
AS, antsrossparior; AL, anterobsterat MA, midanterior; LC, lterd
coracold.

stte must be adjusted 1 cm further lateral 1o account for
the antertor glenotd version. This modification will emable
the approach to be approximately 437 to the glenoid in the
transverse plane. If this lateral modification ts not made,
the portal will be too “shallow™ and creaie a risk that In-
struments will either skive off the articular cartilage or be
directed too far medial along the glenold neck.

Anterior (A) enters through the middle of the rota-
tor interval and provides instrument access (o the biceps,
anterior labrum, glenotd rim, antertor and superior cp-
sule, articubar surfaces of the suprasptnatus, mfraspinatus,
and the superior aspect of the subscapularts lendons. The
field of view includes the postertor glenodd and labram,

2

RGURE 1.4 A: All arthroscopic photos ars of 2 right shouldor with $he patient In $he lateral decubltus position; scope s In e
pasterior portal viewing anterforly; HH, humeral head; B, bicaps; MGHL, middle glenchumeral igament: AL, anterior cannula.
B: Scope bs in the postarior portal viewing anteriory; HH, humeral haad: B, blcaps; S5, capsule overlying the articular surface of

the suprspinatis |ust posterior to $e biceps.
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FIGURE 1.5. A: Scopa &5 1n the amtaricr portal viewing p

vy, PC. p

e AL lsbrum; PG, p

glencid. B: Scope i In the anterior portal viewing postercsuperiorly; HE, humeral head; IS, capsuke underdying the Infraspinatus

tendor; PC, posterior canmada.

anierosaperior (AS) humeral head, articular surface of
the infraspimatus, posterior capsule, and the biceps origin
(Fig. 1.5A, B). The entry site ts midway between the cora-
coid tip and the anterclateral (AL) corner of the acromson.
The cannula ts directed toward the center of the glenohu-
meral joint while viewing from the posterior portal.
Midanterior (MA) ts the preferred portal 1o instrument
the antertor glenoid rim with drills and anchors in prepar-
tng the neck for a Bankart repair. In addition, 1t affords ac-
cess Lo the anterior and inferior capsule for suture-passing
instruments. The entry site ts 1.5 cm kteral and 1.5 cm
tnfertor to the coracosd tip. A spinal needle identifies the
appropeiate track, which, after penetrating the skin, is

directed somewhat superiorly over the superior boarder
of the subscapularts. A small saperfictal skin incision s
made, and an obturator and cannula are tnitially directed
supertorly, then over the top of the suhscapularts, and fi-
nally infertorly to enable ready access to the inferior gle-
notd. Instruments passing through this portal should be
able o approach the glenodd at a 437 angle in the trans-
verse plne.

AS provides a tangential view to the antertor glenotd
rim and meck (for Bankart repatrs), the supertor inser-
tion of the subscapularts onto the lesser tuberosity, the
supertor and posterior capsule, hbrum, and glenotd rim
(Fig. 1.6A, B). The entry site is 1.0 cm derectly lateral to

RGURE 1.6. A: Scope & In the AS portal viewing antercinforiorly; peobe s demonstrating a Bankart lesion; G, gencid; AL ante-
rioe labrum. B: Scopa s i the AS portal viewting postercinforiorhy; probe bs inside 2 pasterior bibeal tear; HH, humenal headt

G, glenoid: PL, posterior labrum.
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8 SECTION | THE SHOULDER

the AL corner of the acromion, and the cannula ts directed

immediaiely anterior to the anterior boarder of the supra-

spinatus and then etther anterior or postertor (o the biceps
don, depending on the ded primary use.

AL serves o emable instrament access Lo the posterior
aspect of the coracosd, the antertor, superior, and poste-
rior aspects of the subscapularts for relexse, and to the
lateral boarder of the subscapularts (e.g., for use with an-
tegrade sature-passing instruments). The entry site ts 1.0
cm anterior and 1.0 to 1.5 cm lateral 10 the AL corner
of the acromion. The cannula or instrument Is directed
toward the posterior aspect of the tp of the coracotd or
somewhat more infertorly toward the biceps groove.

Lateral coracoed (1.C) enables instrument access to the
lesser tuberosity for subscapularts repair from an imtra-ar-
ticular view. The entry site is 1.0 to 1.5 cm directly lateral
to the middle of the coracold tip and the Instrument is then
directed hat aterally rd the lesser tuberosity.

PL. (or Port of Wibmington) facilitates placement of an-
chors at the posterosuperior glenold rim for labral repair.
The portal may penetrate the infraspinatus tendon. Con-
cern has been ratsed regarding the defect in the lendinous
portion of the rotator culf and 1t is advisable 1o imit this
portal to the smallest diameter practical for 2 given anchor
and 1ts preparation. The entry site ts 1.5 om anterior and 1.3
cm lateral to the PL. corner of the acomion. Viewtng from
an anterjor portal, 2 sptnal needle i directed approximately
43" from kateral o medial 1o establish the proper track.

Posteroinferior (PI) provides Instrament access to the
posterior capsule and axillary recess for capsular excorta-
tion and suture plication. The entry site ts 2.0 cm inferior
and 1 cm lateral to the posterior portal. A spinal needle 1s
used o establish the proper track while viewing from the
AS portal. Care must be taken not to err oo far inferior
and risk injury to the axillary nerve.

Subacromial Portals (Fig. 1.7)

Posterior subacromual (PSA) & a primary viewing portal
and offers mstrument access to the posterior bursa, cuff,
the acr and the gr tuberosity. The Beld of view
includes the entire subacromial space, acromiociavicular
Joint, extra-articular biceps and sheath, the coracochvica-
lar ligaments, and suprascapular notch (Fig. 1.84, B). The
entry site Is the ssme 2 the posterior glenohumeral portal.
The trocar s directed pertorly, diately infe-
rior to the inferfor surface of the acromion.

[5A provides a *30-yd line” view of the saprasptna-
tus—infraspinatus insertion onio the grealer tuberosity and
2 lateral view of the acromiociavicular joint, the anterior

FAGURE 1.7. Right shoulder In e kateral decubites orlentation viewed
from superior (anterior is 1o e keft) bony bandmarks are mappad out
and the common glenohumeral portals are identiied; PSA, pastarior
subacromial; PLSA, posterclatenl subooomial; 1SA, biteal subaco-
mial; LA, latoral acromial; ALSA, anterobsteral subacromiak; ASA, ante-
rior subacromial; NV, Newtaser portal

AGURE 1.8 A: Scope Is In the PSA portal viewtng antariorly; normal subacromial bursal reglon; S5, normal supraspinatus with
wasculr patterm; SB, ASA bursal fold. B: Scape s in the PSA portal viewing antaricrdy; S5, bursal surface of suprspinates; Ac,

karge amanior acromial spur.
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CHAPTER 1: ARTHROSCOPIC SETUP- APPROACHES AND TIPS FOR SUCCESS 9

acromion, and the posterior bursal curtatn. Instruments
are able to approach the cull, by

and acromion. Themuysluuljlo]ﬂmhlu:lmd
0 10 1.0 am pastertor to the AL corner of the acromion.
Instruments roughly parallel the infertor surface of the
acromson.

Anterolateral subacromial (ALSA) portal ts the same 2
Al glenchumera portal, but & placed into the subacromial
space. When in the anterior subacromial (ASA) space, 1t
provides 2 view of the extra-articular biceps, the inter-
tubercular groove, the bursal surface of the subscapularss,
and the lesser tuberosity (once the clavipectoral fascia has
been excised). Instruments can approach the subscipa-
larts tendon for release and suture pasage 2 well 2 1o
perform a coracoplasty. The entry site 1s 1.0 cm antertor
and 1.0to 1.5 cm lateral to the Al corner of the acromion.

ASA 1s the same as the anterior glenohumeral portal,
but enters the subacromial space. It offers a view of most
of the suhacromial space, but ts commonly used for sa-
ture management. [nstruments can be Introduced into the
anierior aspect of the rotator culf for a side-to-side repatr.
Once through the skin, the trocar is directed immediately
beneath the anterior margin of the acromion. When -
strument access to the biceps groove is intended, the op-
timal portal entry site ts identified with a spinal needle.
While viewtng from the Al portal, the needle is directed
toward the biceps groove with the humerus internally ro-
taled approxtmately 20°.

Posterolateral subacromial (PLSA) serves as a primary
viewing portal to address rotator culf pathology. Once es-
tablished, 2 30° scope offers a “30.yd line™ view of the
rotator culff and subacromial space (Fig. 1.9). The entry
sile 1s approximately 1.0 cm antertor and 1.0 cm lateral 1o
the PL. cormer of the acromion. An arthroscope in the PL

FIGURE 1.9. Scopa ks in the PLSA portal viewtng antsromedially; probe
demorstrates a bursal-sided rotator osff tear S5, supraspieates; GT,

greater tuberosity.

portal may Interfere with instruments Introdeced through
the LSA portal of 2 mintmam of 3 cm ts not maintained
between the two sites.

Lateral acromial (1A) ts primartly used for instrument
pproach to the gr b y (e.g., drill, tap, and an-
chor insertion for rotator cuff repatr). The entry Site ts tm-
medately lateral to the lateral border of the acromion. The
optimal anteroposterior location is identtfied using 2 spi-
nal needle. Access (o the enlire greater tuberosity s pos-
sible with internal and external rotation of the humerus.
When attempting to place anchors into the medial aspect
of the greater tub:mnyadjnmlothcmhrmhg:
nis I to nearly ¢ letely adduct the humerus to
mﬁdapprwchlngunmbemslyxlooshzllwm angle
and potentally violting the articular sarface of the hu-
meral head.

Superomedial (SM—Neviaser) ts employed 1o intro-
duce suture-passing and retrieving instruments toward
the rotator cufl. The entry site 1s 1.0 cm medial 1o the pos-
terior aspect of the acromioclavicular joint. While the ar-
throscope in the subacromial space and the arm abducted
<43° 2 spinal needle ts directed from medial to lateral at
Iy 60°n the F | plane. If the portal ts in-
lroducedtooclogmllnmmochncuhrpml.l}nm
bility of the mstrument s significantly restricted.

Anterior acromioclevicular (AAC) affords an antertor
approach for resection of the distal clavicle. The entry site
ts 2.0 cm anteroinferior to and in line with the acromiocia-
vicular joint. The optimal path ts identified with a spinal
needle. Alternatively, when approaching the acromiocla-
vicular joint in direct Bashion, two small portals can be es-
tzblished. One is directly AS and 2 second posterosupertor
to the AC point. A small-dameter arthroscope and shaver
are used Initially until a greater space can be established.

SUTURE MANAGEMENT

Sature management is one of the most challenging aspects
of accurately completing an effective arthroscopic shoul-
der procedure. By employing a systematic routine, suture
can be passed, manipulated, and tied in an efficient man-
ner. Simplifying the steps involved results in time saved
and frustration avotded. Sature must be handled carefully
to avoud fraying and nicking with the possibtlity of even-
tual breakage loop rather than aw-lype graspers help
maintain this suture integrity. It ts optimal to tsolate the
suture being manipulated whenever possible by placing all
other noaworking sutures in 2 separate portal. Tangling
and mistaking variows limbs and suture mates can thes
be avotded. Once all sutures for a gtven anchor have been
passed, the working cannula ts withdrawn and then retn-
serted placing the sutures outside the cannuby, which can
then be used 1o manage a new set of satures.

In order for sutures to securely reapproxtmale tissue,
they must be opttmally placed. When manipulating tissues
and suture-passing instruments, effictency can be gained
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10 SECTION |: THE SHOULDER

by having an assistant hold the arthroscope to maintain
an accep@able field of view. The sargeon is then able 1o
secure the tssue with graspers in one hand while control-
ling the suture-passing device with the other, stmilar 10
using forceps and a needle driver in an open technique.
Antegrade devices, which often simplify suture passage by
mintmizing the number of steps involved, can be made
more efficient by using a counterforce traction sature 1o
control the tissee and prevent it from being pushed away
during instrament deftvery. When using 2 penetrating de-
vice in retrograde fashion, its mobility can be restricted
significantly once 1t has passed through the tssse. Rather
than attempt to “chase” the destred suture with the open
Jaw, deliver the seected anchor suture to the penetralor
with a loop grasper or knot pusher. Various cannulated
Instruments, with or without an attached sature retrieval
loop, do not require the use of a cannula and are able 10
be introduced through 2 very small skin nick such as the
SM (Neviaser) portal.

ts are avolded by managing sutures in
an orderly Bashion. When p through the ro-
hbrcuﬂllshdp(nllopasthnhm"hbmz
Those sutures that are © be passed furthest from the
viewing arthroscope are introduced first (Fig. 1.10). Con-
quntly s subsequent sutures are delivered closer 1o

the field of view remains wnobstructed
by, sly passed The suture pairs are then
progressively tied in the opposile sequence, that is, those
closest to the scope tied first and those furthest ted last.
This method permits adherence to the principle of work-
ing with sutures in isolation as much as possible.

AGURE 1.10. Diagram of a right shoulder viewsd from superiorly
depicting 2 lege “L” shaped rotator cuff tear; consider placing mast
madial (farthest from scope) sutwes first and working prograssively
bterally {dasest 1o scopel; considar tying most bateral sutures fisst and
than progressing madial with sutu pairs.

When working with sutures that pass through an-
chors, care must be taken to avoid “offloading” the su-
ture from the anchor. The location of the involved anchor
should be kept in view while a imb ts being retrieved 1o
verify that the suture ts being pulled through the anchor.
Stop, reortent yourself, and select the proper limb If the
suture is moving through the anchor.

Many methods extst for tying knots. When using 2
shiding knot, the post limb must pass through the tissae
being repaired so that the knot is deltvered toward the
tissae and away from the anchor. Otherwise, 2= the knot
is Introduced, 1t can become “bound up” 2t the entry site
for the anchor and fail 1o slide further, compromising loop
security. In additton, prominent knots near articular sar-
faces may generate significant chondral sculfing and abea-
ston. As hall hiiches are introduced 1o secure the knot,
the post should be alternated, the throw reversed, and
each half hitch seen to “lay down”™ without inappropriate
twists.

TIPS/TRICKS/PEARLS

Accurate portal placement s essential. If the mitial por-
tal placement is malpositioned or misdirected, time, frus-
tration, and potential complications can be avoided by
establishing a new portal in the optimal locatton. Using
sharp trocars or excessive force 1o penetrate the capsule
can lead to Inadvertent damage to the articular cartilage
Once established, screw-in or lock-1n cannulas are more
secure, particularly when instramenits are passed through
them frequently. A relattvely tght portal of entry through
the skin will zkso help prevent tnadvertent withdrawal
of the cannula. Clear cannulas improve the visibility of
instruments and satures that are within the up of the
cnnula.

It 1s essential to ob&tn 2 clear fleld of view. Relative
hypotenstve anesthesta, 2 hydrodynamic balince of inflow
and outflow pressares, trrigation conlaining epinephrine,
and selective radiofrequency casterization can lead (o im-
proved visibelity. Repositioning of the joint ofien tmproves
the view, especially in relatively tight regtons (e.g., poste-
rior displacement of the humeral head to Improve access
to the Jenold or tmprove working space when
Mguhﬂpﬂhﬁbbuﬂdnctﬂlaﬂusm
to safely approach the medial aspect of the lesser tuber-
osity). Anatomic relationships should be vertfied prior to
resecting or altering any tissue. Motorized instruments
and sharp tools must be kept in view 1o prevent latrogenic
tissae damage.

If a suture is inadvertently offloaded from an anchor
with 2 suture loop eyelet, 2 new suture can be remtro-
duced mto the anchor (Fig. 1.11A-E). Reposition the sa-
ture rematning in the anchor o create asymmetric limbs.
Load a free suture in a small atraumatic needle and then
pass that meedle through the braids of the longer ltmb
of the rematning anchor suture where it exits the work-
ing cannuby. By placing traction on the short kmb of the
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D E
AGURE 1.11. A: Aa anchor with a suture eyslet. B: An atrematic needle delvering a free sutwrs through the
beaids of the sutws, which remaire in the anchor. C A completed pess of the e sutu through the anchor
suture. D: By pulling on the shoet bmb of the anchor suturs, 1t adts 25 3 shutthe to daliver the froe bmb through
the suture eyolet. E- Both suture imbs ar now through the anchor syclet In a nomal fashion.
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12 SECTION |: THE SHOULDER

remaining anchor suture, the free suture can be “shuttled”
through the anchor eyelet. Once the two sutures are disen-
gaged, both pass through the suture eyelet.

‘When a suture s accidently offloaded from an anchor
with a rigid eyelet and multiple sutures, a new suture can
be secured to the anchor (Fig. 1.12A-0C). A simple over-
hand throw Is created outside the cannula with the su-
ture, which still passes through the anchor. A second free

suture ts passed beneath the loop that has been created.
As the hall hitch ts deltvered down the cannula, it draws
the second (free) suture to the anchor head. A second and
third alternating half hitch are introduced o secure the
free strand. Once all limbs are passed through the tissee,
the suture passing through the anchor eyelet s tied first,
which helps farther secure the free strand. Nonsliding
knots must be used for both patrs of sutures.

C

m|.|lkhm‘aﬂm*tbu“huwhh”wwh

eyeolet and 3 saparate free subure i passed through the keop $at & areated. C The anchor sutum & tied to the anchor head
2nd backed up with two half hitches. Both sutures 2re now ssarsd %o the anchor, but requie norsiiding knots to be employed

once the sstures 2re passed theough the Ssswe.
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CONCLUSIONS

Exther the beach chair or lateral decubttus posttions can be
used 1o position patients safely for shoulder arthroscopy.
Adequate cerebral bloed flow must be mamtained when
the head and thorax are significantly elevated. General an-
esthesta is routinely performed and permits greater blood
pressure management compared with an ISB. [SBs should
b:pubc-dhnp:ﬂencdwm:&-
tatled knowledge of the reglonal anatomy and an opporta-
aity to perform blocks on a routine basts to maintain thetr
skills. The use of ultrasound guidance s recommended.
Accurate portal placement can either greatly facilieaie
or hinder the performance of any arthroscopic procedure.
An 18-G spmnal needle will aid 1n identifying the optimal
entry site and path for spectfic portals. The chotce of camera
and view orientation is largely surgeon preference, particu-
larly when working In the subacromial space.
ing the position and displacement of the shoulder will aid
in opttmizing the view and working space. A systematic
routine for handling sutures will prevent langling, suture
damage, and Insecure knots with poor loop security.
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Controversies in Arthroscopic Shoulder Surgery: Arthroscopic
Versus Open Bankart Repair. Thermal Treatment of Capsular
Tissue, Acromioplasties—Are They Necessary?

Richard L. Angelo, MD.

significant debate has imvolved in the last several
yezxmgzrh\gtheq:malmpcalmugemst
glenobumeral

bral detachment'* described by Perthes’ and Bankart*
The open Bankart repair by Rowe® has resulted in a high
rate of shoulder stbility, although the functional out-

wmmmmmwvem
nels ® the techrique has not changed substantially. In an
effort to decrease the morbidity and improve the func-
tional results, Caspari’* developed an arthroscopic cap-
sular shift echrique, which began a period of inense
interest and study in arthroscopic techniques to stabilize
the shoulder. As refinements have been made to the
arthroscopic methods, the number of proponents has
chors* mimic the open Bankart repair and comparable
results have been reported. "' Rather than attempt to
defend a particular position as to whether an arthroscopic
or an open approach to shoulder stabilization is best, the
focus here is placed on what we have leamed regarding
the appropriate indications for each of these techniques.

ARTHROSCOPIC BANEART ADVANTAGES

A number of advantages have been identified for the
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ity. Based on visual analog scales, the pain is less than
aﬁsmq;enpooehewnhachcrusedmedhu—

open Bankart repairs, the subscapularis
had been previously divided and repaired, is often quite
thin and atrophic. In a small number of cases, a complete
failure of the subscapularis repair occurs. Typically,
there is less anterior scarming after an arthroscopic repair.
Itis also possible, although unproven, that there could be
a lower incidence of degemerative joint disease of the
shoulder after an arthroscopic repair as a result of a
greater preservation of normal range of motion .15

A clear advantage for the arthroscopic techmique is
dleabﬁlitybmdnwghlydizgnosed!mof
pathology throughout the entire glenohumeral joint
mcluding loose bodies, pnuzlmlarmfacerm
cuff tears, SLAP tears, biceps tendinopathy, and chon-
dral defects. Provided that the joint remains stable,
shoulder function is often more normal after an ar-
throscopic repair. Throwing athletes are more likely to
retum to the same or higher level of function after an
arthroscopic repair.* In addition, there is typically
less discomfort with overhead activities, including
both work and sport pursuits. If an open Bankart
repair requires an overnight stay, then an arthroscopic
procedure is likely to be less costly. Depending on the
experience and skill Jevel of the arthroscopic surgeon,
the total operative ime may be less than for an open
procedure.

OPEN BANKART ADVANTAGES

Open Bankart repairs have been successfully per-
formed for many years and have resulted i a famrly

224 Arthroscopy: The Jowrnal of Arthroscopic and Related Surgery, Vol 19, No 10 (October, Suppl 2), 2003: pp 224-228
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low recurrence rate * Studies of open Bankart repairs,
however, often do not include the incidence of sub-
luxations and/or the presence of apprebension, but
mclude only frank dislocations in the reported “failure
rate.” After an open dissection, it is possible that the
subscapularis and capsular repair could add a “but-
tress” of additional scar tissue aiding in the prevention
of recurrent anterior mstability. This is particularly
true if the subscapularis and capsule have been sepa-
rated during the exposure and “laminate” together
during the healing process. In addition, the open Ban-
kart repair is a technique familiar to most orthopaedic
surgeons, requires relatively litde special equipment,
and results in a reasonably reproducible recurrence
rate. It also provides flexibility in addressing large
glenoid bone defects with either a coracoid transfer or
iliac crests bone graft.

CONSIDERATIONS IN SELECTING AN

ARTHROSOPIC VERSUS OPEN REPAIR

Careful patient selection is an essential component
n obtaining an optimal result after any shoulder sta-
bilization procedure. There are a number of key issues
that mmst be considered in choosing whether to per-
form an arthroscopic or open anterior Bankart repair.

It is important to identify the individual patient
goals. For one patient with nondominant shoulder
imstability, a stable shoulder and modest loss of range
of motion would be a successful result. For an over-
head athlete, a stable shoulder with modest loss of
range of motion in their dominant arm would likely
preclude a retum to their former level of competition
and lead to dissatisfaction. Throwing athletes tend to
have a somewhat better chance at returming to effec-
tive participation after an arthroscopic stabilization.
On the other hand, the patient routinely involved m
contact and collision sports or very heavy lifting and
laboring activities could fare better with an open sta-
bilization. Although some authors do mot consider
contact activities a contraindication to an arthroscopic
stabilization !” the majority tend to prefer an open
stabilization for these patients. Given the relatively
high likelihood of recurrence, select high-demand ath-
letes can be considered for arthroscopic stabilization
after a first-time dislocation '*'*

The expenience of the individual surgeon is also an
important consideration. We mmst each assess our
own skill level and ability to arthroscopically treat the
entire gamut of glemnohumeral pathology contributing
to a patient’s mstability. Usually, experience is gained
and skill developed in a “stepwise” fashion Rou-
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tnely, different segments of a procedure are mastered
until the final surgical procedure is reliable and will
withstand careful testing at the completion of the
repair. If the arthroscopic procedure is not progressing
m a technically sound manner or the time spent be-
CcOomes excessive, CONVErsion to an open stabilization
is prudent.

The patient’s history will also help in determuiming
the appropniate approach. For those patients less than
20 years old, there tends to be an increased rate of
recurrent instability with both the open and arthro-
scopic approaches. An open stabilization in this age
group is preferred unless the Bankart lesion is trau-
matic, the capsulolabral tissue robust, and pathologic
tissue laxity is absent. The number of instability epi-
sodes that the patient reports is likely to loosely par-
allel the magnitude of the capsular strain and attenu-
ation. Unless the surgeon is confident that the capsular
laxity can be effectively addressed arthroscopically,
an open procedure should be considered. In general,
the specific age and activity level of the patient is
somewhat less important than the specific tissue pa-
thology observed, i.e., robust capsular tissue with an
mtact labral ring versus patulous or pathologically lax
capsule with labral obliteration.

On physical examination, indicators of tissue hy-
patellar laxity, and thumb hyperabduction as well as
broadened scars from previous wounds. An open cap-
sular shift procedure is more likely to result in a
successful outcome for these individuals. The most
accurate assessment of the magnitude of glenobumeral
laxity is often obtained during the examination under
anesthesia. Translation in the anterior-inferior and
posterior directions is determined with the “load and
shift” test and inferior laxity determined by the mag-
nitude of the sulcus sign. If posterior laxity is deter-
mined to be greater than normal i e., the bumeral head
rides over the posterior glenoid rim, then an arthro-
scopic posterior capsular augmentation should be con-
sidered. If traction is applied to the adducted arm
while in 20° of external rotation and the sulcus sign
exceeds approximately 0.5 cm, rotator interval closure
or plication is recommended.

During the diagnostic portion of the arthroscopy,
the character and extent of soft tissue pathology mmst
be carefully evaluated. A well-defined Bankart lesion
is likely to be present after a traumatic anterior inferior
dislocation. Altemmatively, the capsulolabral tissue can
also be significandy scarred back to the glenoid rim
and the defect not apparent without careful probing.
The only indication that an anterior labral periosteal
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sleeve avulsion (ALPSA) lesion is present could be
that the capsulolabral tissue is attached more medial
than normal along the neck of the glenoid. The integ-
rity of the midcapsule and inferior glenobumeral
ligament should also be evaluated. If they appear
markedly stretched, attermated, or incompetent, con-
sideration should be given for an open repair. Intra-
capsular tearing must also be sought and could coexist
with a labral detachment. In this situation, competency
of the anterior capsulolabral tissues will not be re-
stored by simply repairing the labrum to the glenoid
rm. A tear of the humeral attachment of the glenchu-
msalhgm(HAGL)mnstalwaysbemledm

lesion, an open repair is more likely to be reliable.
Bone deficiencies have a significant impact on the
selection of the technique. Imaging studies routinely
mmclude an anterior-posterior, West Point lateral, and
Styker notch view. If the lateral views suggest a
significant anterior glenoid defect, a computed tomog-
raphy scan assists In operative planning by attempting
to quantfy the magnitude of the defect. During ar-
throscopy, the integrity of the bony glemoid rim mmst
be noted. A fracture that comprises less than approx-
imately 20% is not a contraindication to arthroscopic
stabilization. If the fragment cannot be fixed, it is
excised by operating a motorized burr in reverse to
avoid damaging the capsular and periosteal tissues. A
significantly higher failure rate after an arthroscopic
repair has been reported by Burkhart and DeBeer'! if
=>20% to 25% of the glenoid rim is deficient (inverted
pear configuration). A coracoid transfer or iliac crests
bone graft should be considered in an effort to recreate
relatively normal glenoid geometry. If a Hill-Sachs
lesion comprises =>30% of the articular surface of the
humeral head, or engages on the anterior nm of the
glenoid with the arm in a position of abduction and
external rotation, an open stabilization is recom-
mended. Large humeral head defects could necessitate
consideration for an osteochondral graft.

TECHNIQUE OF ARTHROSCOPIC
BANEART REPAIR

Patient Orientation

Surgeon preference dictates whether to perform the
procedure with the patient in the lateral decubitus or
beach-chair position. For the lateral decubitus orien-
tation, the involved forearm and hand should be “sus-
pended” distally and the upper arm laterally with

accessory support. Distal “traction™ should be avoided
because it could oppose retensioning of the glenochu-
meral ligaments during repair. A standard posterior
arthroscopy viewing portal 1.5 cm inferior and 1 cm
medial to the posterolateral comer of the acromion is
established with a disposable cannula first (this portal
will later be used for instrumentation). While viewing
the intra-articular space from this portal, a spinal nee-
dle establishes the site for the anterosuperior portal.
The entry point lies 1 cm lateral and slightly anterior
to the anterolateral comer of the acromion. As the
portal is established with the anhroscoplc m a

located with a spinal needle entering 1.5 cm inferior
and 1.5 cm lateral to the inferolateral comer of the
coracoid tip. The portal enters immediately superior to
mstruments to reach the most inferior aspect of the
glenoid without an excessively acute angle in the
plane of the glenoid. In addition, an angle of approx-
imately 45° in the ransverse plane is desired to pro-
vide proper approach to the glenoid nim. If this portal
is “too shallow,” the dnll bit or anchor can skive
across the glenoid surface or enter the glenoid neck
too medially. The ior portal provides an
excellent view of the anterior glenoid rim and the most
mmferior aspect of the Bankart lesion. Some surgeons
prefer the view from a posterior portal while perform-
ing the repair.

GLENOID PREPARATION

Marginal articular cartilage debris is removed with
a motorized shaver introduced through the midanterior
working portal. It is important when working around
the capsule or labrum with a motorized instrument that
the suction is tumed off to avoid inadvertent capture
and damage to those tissues. A liberator-elevator or
similar tool is then used to release the capsulolabral
tissue from its scamred position and thus expose the
lateral 1 cm of the glenoid neck and subscapularis
muscle fibers. It is important that the capsular tssue
be released around to the 6-o'clock position on the
glenoid. If the release is inadequate, the tissues can be
tethered medially and inferiorly, preventing adequate
superior and lateral retensioning of the tissues. With
the suction tumed off, a motorized shaver or hooded
burr is used to lightly excoriate the glenoid neck
surface to prepare for optimal healing.
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ANCHOR/SUTURE DELIVERY

Drill holes for the appropriate anchor are placed 2 to
3 mm onto the glenoid surface at the 5:00, 3:30, and
2:00 positions. The anchor of choice is delivered into
the inferior hole and tested for security by placing
traction on the sutures. When the anchor is inserted,
the eyelet should be onented to permit the sutures to
exit antercinferior and posterosuperior to allow the
repair suture to remain collinear with the eyelet and
slide easily during knot tying. Using a loop grasper or
crochet hook, the anteroinferior suture is retrieved out
the posterior cannula. A canmulated suture hook or
similar suture-passing device is them introduced
through the midanterior portal A pass is made
through the capsule beginning 1 cm inferior and 1 cm
lateral to the capsular nm. The instrument is then
brought up under the labrum adjacent to the rim of the
glencid. Superior tension is applied to the instrument;
if the exiting tp of the sunme delivery device is
superior to the anchor drill hole, the tissues will not be
adequately retensioned and a lax inferior pouch will
result. The instrument should be removed and another
pass made through the capsule more inferiorly. A No.
0 or 1 polydioxanone suture (PDS) or other suture
shutde is then delivered through the tissues and re-
carrmla, the PDS is tied near the end of the previously
retrieved anteroinferior suture with a simple overhand
loop. The PDS shuttes the permanent suture limb
through the capsulolabral tissue from posterior to an-
terior. As this newly passed imb of suture is ten-
sioned, the rim of tissue should be observed to ride up
on the humeral head is not present before knot tying.
If tying a sliding not, the imb that passes through the
tissue must be the post to deliver the knot away from
rather than toward the articular surface. As the knot is
thrown, delivered, and secured with altermating half-
hitches, the “pursed” tissue creates a pseudolabrum.
These steps are repeated for the second and third
anchors. Occasionally, four anchors are necessary and
are evenly spaced along the glemoid rim from 1:30 to
5:30.

AUGMENTATION
In the majority of cases exhibiting a Bankart lesion,
posterior capsular augmentation is unnecessary. If,

however, excessive posterior capsular laxity was de-
termined during the examination under anesthesia and

the appearance at the diagnostic arthroscopy, it should
be addressed with either suture plication or thermal
capsulorrhaphy. Suture plication is simple, low risk,
and affords the opportunity to be somewhat quantita-
tve in the amount of capsular tightening that is cre-
ated **-** While viewing from the anterosuperior por-
tal, a rasp or whisker blade shaver is introduced
through the posterior portal. The posterior and inferior
capsule is slightly excoriated for 2 cm adjacent to the
posterior glenocid nm to stmulate healing. A cannu-
lated suture hook is then used to create a small pleat in
the capsular tissue. The suture hook tip enters the
capsule 1 to 1.2 cm lateral to the intact labral im and
exits approximately 5 or 6 mm lateral to the im. The
tp of the instrument then enters and passes beneath
the intact labrum 50 as to create a small pleat of tissue.
The PDS suture is delivered and using the most lateral
Hmb of the suture as a post, a sliding not is securely
tied and backed up. Two or 3 additional sutures can be
placed to complete the augmentation. Care must be
exercised so that an increasingly larger pleat of tissue
1s not created as the repair progresses supeniorly. Oth-
erwise a significant restriction of motion may be cre-
ated.

An alternative is to perform a thermal capsulorrha-
phy. The amount of shrinkage and its effect on the
mechanical properties of the capsule are both time-
and temperature-dependent. The thermal tip should
slightly indent the capsule and must be constantly
moving. A “stiped” or gnd pattem should be cre-
ated ™ It is advisable to leave as much normal tssue
as that which is thermally shrunk The magnitude of
visible shrinking is quite variable and should not be
used as the sole end point for shrinkage, otherwise
overheating of the tissues can occur.

A rotator interval closure is considered depending
on the magnitude of the sulcus sign and the posterior
mferior laxity determined on examination. Two meth-
ods have been described. An outside-in approach in-
volves passing the sutures and tying them in the sub-
acromial bursa while imbricating the coracobumeral
Ligament. A spmal needle is introduced through the
anterosuperior skin incision, transgresses the subacro-
mial space, and penetrates the superior glenohumeral
Ligament as it enters the joint. A sharp-tipped suture
retriever is then passed through the midanterior can-
mula (which has been withdrawn outside the capsule),
and passes through the middle glenobumeral lizament
to retrieve the PDS suture limb in the joint. The limbs
are retrieved and the knot tied in the subacromial
space. If this method is chosen, the arm should be
placed in extemal rotation during knot tying to avoid
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overtightening the shoulder. A second technique in-
volves closing the middle to the superior glenchu-
meral lizament. A simple method to accomplish this is
to introduce a sharp-tipped suture grasperTetriever
through the midanterior portal while viewing from the
posterior portal. The instrument is used to grasp the
PDS suture 3 cm from the end and deliver it through
the middle glenobumeral lizament from outside-in.
The Hmb is then retmieved out through the anterosu-
perior cannula. The end of the remaining limb, which
exits the midanterior canmla, is then delivered from
outside-in through the superior glenohumeral ligament
and retrieved out the anterosuperior carwla. Arthro-
scopic knots can then be delivered through the antero-
superior portal to affect closure of the rotator interval.
Additional sutures can be placed as necessary.

TEST THE REPAIR

It is important to verify that the repair is secure.
While viewing arthroscopically, the entire repair
should be carefully palpated. In addition, the arm
should be removed from any traction or suspension
and tested in the jeopardy position of abduction and
external rotation. If the repair is inadequate, further
measures must be taken to address the residual insta-
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Appendix 4, (Chapter 2.4)

“SYMPOSIUM
mmene

Arthroscopic Bankart Repair for
Unidirectional Shoulder Instability

*Richard L. Angelo, MD

Abstract
A swecessfil artlercscopic Bankart repair for anidirectional dhonlder instability reguiees
cargful patient selection and, so the extent possible, the ressaration of normeal anatonry:
The patient’s goals and anticipated d ds are i ick A patiew
who participates i an overhead sport requires not only a stable shoulder bus atso a fill
raanige of shovdder wotion, An atklete who engages iiv @ contacs ar collicion sport, hower-
ex, may solerare o mild boss of motion provided the steoulder ic stable. Compred with an
apent procedure, an arthrostopic repair provides the opportanity to resain the nost sor-
neal postoperative range of mation and function. Other considerations include patient
agee, wsichr aftens eefates o overall tissae faxity, and the nuntber of previows insability
cprisodes, awhich correlates wirle the sevenity of pathology (in parricular, capsufolabral
stein, glenaid chondromalacia, and bory deficiency of the glenoid o poserior Rtmerl
fead). The magninide of bane loss, particlarly for the awterior glemoid, can makee an
artitroscopic repwir inadvisable. Acenrate portal placentent, levoid preparavion, archor
insention, drd sulere passage are key cnponents of the anfirscopic techmiue, bt the
st impovtant ooveall goal ix the secure ressoravion of capseolabral tisswe tension. Sec-
ondary posteroinferior laxity, partial anator adf tears, labrl disorders, and articalar
cartilage patfrology may also requcire treatment,

Instr Course Lect 2009:58:305-313.

The choice of surgical procedure w
correct instability is determined
part by the patient’s anticipated shoul-
det demands and functional goals. -
tent history {including such factors as
age, tissue quality, and previous insta-
bility episodes), and clinical and ra-
diographic findings also are importane
considerations,

Considerations in

Decision Making

Patient Goals

Shoulder instability recurs in 7% w0
10% of patienes after an open or ar-
throscopic suture anchor repair, '
The chosce of surgical procedure to
correct instability is determined in
part by the patient’s goals, including

anticipated shoulder demands, Al-
though an open Bankart repair is 2
reliable method for eliminating clin-
ical instability, range of motion and
overall function may be unaccept-
ably compromised in some patients
who engage in high-demand activi-
ties.” In particular, overhead athleces,
including throwers, cannot tolerate
restrictsons in flexion or external ro-
tation. The patient’s range of motion
usually returns more rapidly and
completely after an arthroscopic
rather than an open repair, and the pa-
tientis more likely to be able to retumn
1o competitive throwing,” However,
overhead athleees have a lower over-
all rate of functional suceess (70%)
than other athleees (N0%) following
an arthroscopic repair.”

A comparison of 3 open and
30arthroscopic Bankart repairs found
that musele serengeh for forward el-
evation was markedly weaker after
open repair for as Jong as 3 months;
the difference, however, was only 3%
after & months.” Muscle strength for
external and internal rotation was
significantly weaker 6 weeks after
open repair but also approached 5%
after & months. In a biomechanical

“Richard L Angels, MD s a covudvant for ar i avplopre of Dy and Mk,

AMDS Instructional Course Lectures, Volume 58, 2009

ation of arthroscopic ante-
Tior repair, 2 traumatic dislocation
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was created i 12 cadaver specimens,
and an arthroscopic suture anchor
repair of the Bankart lesion was per-
formed. Glenohumeral translation
and roeation were found to approach
noemal predistocation values.

Arthroscopic Bankart repair re-
mains controversial for athletes who
participate in contact and collision
sports. Several recent studies have
conchsded that there is no increased
risk of recurrent instability for these
athletes after an arthroscopic proce-
dure.™™* The overall recurrence
rate was 10% in 85 paticnes treated
with a suture anchor arthroscopic
anterior repair.” Two patients had a
recurrence in a subset of 18 collision
sport athletes (a similar 11% recur-
rence rate). In a review of contact or
collision sport athletes who were
younger than 20 years, 2 of 18 p-
tients (11%) had a recurrent disloca-
tion at a minimum 2-year follow-up
bue did not require further weat-
ment.” In another evahmtion of su-
wire anchor repairs, the 9.5% recur-
rence rate for contact sport athletes
(2 of 21 paticnts) was not signifi-
cantly different from the 6% overall
failure rate.*

A review of 48 shoulders i 46 col-
lision sport athletes reached a differ-
ent conclusson. Sixteen of the shoul-
ders were arthroscopacally stabalized
{4 using Surctacs  [Smuth  and
Nephew Endoscopy, Mansficld, MA|
and 16 using suture anchors) and 32
underwent open repair. Iinstability re-
curred after 25% of the arthroscopic
repairs (one using Suretacs and three
using suture anchors) compared with
12.5% of the open repairs. The au-
thors concluded that open stabiliza-
aon is a more reliable method of re-
pairing anterior shoulder instabiliey in
contact athletes.”

Patient History

Patient age is believed to affect the
probability of failure after an open or
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arthroscopic  anterior  stabilization
procedure. Patients in their teens gen-
crally have greater tissue and collagen
clasticity. which may predispose them
w2 higher likelihood of repair failure,
In addition, younger patients are
more likely to be awracted 1o high-risk
activities, including so-called extreme
sports such as snowboarding and ag-
gressive mountain biking, Few stud-
ies have specifically evaluared pediat-
ric patients with shoulder instability
Ina review of 32 arthroscopic Bankart
repairs in patients age 11 to 18 years,
16 shoulders were repaired after un-
successful nonsurgical treament and
16were repaired after the initial insta-
bility episode.'” At an average 25-
moath follow-up, three redisloca-
tions had occurred in two patients
from the first group (18.5%), and
wwo rediskocations had occurred in
two patients (12.5%) from the secs
ond group. The small size of the
study, however, does not permie a
conclusion as to the optimal treat-
ment of pediatric patients with
shoulder instability. The choice of
an open or arthroscopic procedure
should be based on tissue quality
and capsulolabral ntegrity rather
than solely on the patent’s age. If
traumatic pathology s identified and
the patient’s soft tissues are reason-
ably robust, an arthroscopic suture
anchor technique can provide a reli-
able repair.

The number of previous instabil-
ity episodes also should be consid-
ered because capsular strain, labral
tearing, and glenoid erosion tend to
increase with cach occurrence of in-
stabilig"! The severity of the ac-
crued pathology must be evaluated
during the diagnostic arthroscopy
and helps determine whether an ar-
throscopic repair is suitable.

Physical Examination
The findings of the physical ecxamina-
tion must support the clinical impres-

sion of unidirectioml shoulder insta-
bility. Once the dislocated shoulder is
reduced, any deformity usually disap-
pears. There may be diffuse tender-
ness over the anterior capsular tissues
and, less frequently, along the poste-
rior ghenohurmeral joine line. The pa-
dent’s range of motion is often re-
stricted following an instability event
woondary 1o pain. In those with
chronic instbility, acquired anterior
capsular laxity may result in an in-
crease i external rogation over their
norm. Excessive antersor translation
typically appears on the load-and-shift
test unless involuntary muscular
guarding is present. The magnitude
of laxity in the posterior and infersor
directions can help determine the
need for accessory posterior phication
and closure of the rotator interval, re-
spectively. Most patients exhibit ap-
prehension when the shoulder is
placed in a position of abduction and
external rotation. The relocation test
is positive if the apprehension sign is
minimized or eliminated when the
examiner’s hand is placed over the an-
terior aspect of the proximal humerus
and prevents anterior subluxation of
the humeral head. With the anm in
full adduction and 30" of external ro-
tation, a sulcus sign of more than
1 cm sugggests that significane mudti-
directional laxity is present. In patients
with true multidirectional instability,
however, dinical sympeoms must also
be present in more than one direc-
tion. Hyperelasticity findings (the
ability of the thumb to be passively
placed against the forearm, elbow hy-
perextension, and marked medial/
Literal translation of the patells) sug-
gest that the collagen dssue s
pathologic, which is a known nsk fac-
tor for failure after arthroscopac sta-
bilization.*

Imaging
Routine radiographs should be ob-
tamned. The AP view may show a

fracture of the inferior glenoid mar-

AADS Instructional Course Lectures, Volume 58, 2004
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Arthroscopic Bankart Repair for Unidirectional Shoulder Ingability

gin; a West Pomnt aallary lateral view
is more sensitive for antersor and m-
ferior rim fracture fragments; the
Stryker notch view identifies the
presence and size of 2 Hill-Sachs de-
fect of the posterior humeral head. A
CT scan, especially with three-
dimensional reconstruction, s use-
ful for assessang the size of 2 glenoid
rim deficiency or fracture fragment,
and a Hill-Sachs lesion of the hu-
merus.

Diagnostic Arthroscopy

A thorough arthroscopic assessment
of the instability pathology 1s imper-
ative. The extent and nature of an
acute Bankart lesion are usually ap-
parent ( Figure 1), The humeral head
must often be dusplaced postenorly
to detect the inferior extent of cap-
sulolabral detachment from the gle-
noid. The true capsular margin may
be ditficult to identify if the labrum
has been obliterated. An anterior la-
broligarmentous  penosteal  sheeve
avulsion may be difficult to detect in
the chromcally unstable shoulder;
the mast reliable clue 1o its presence
is that the capsulolabral ussuc ap-
pears 1o be attached oo far medially
along the glenoid neck (3 to 4 mm
medial o the rim). Chondral dam-
age may also have occurred in a
shoulder with chronic instability
(Figure 2).

Bone loss can result from a frac-
wre or progressve crosion, Thin
glenoid rim fracture fragments often
remam securely affixed o the cap-
sule and can be detected only by pal-
pation of the tssues with a hook
probe. These small wafer fragments
can be repaired or simply excised
Evidence suggests that rim fracture
fragments larger than 10% of the
ghenoid  dsameter should be pre-
served. In a review of 42 shoulders
with posttraumatic recurrent anteri-
or instability, CT was used to esti-

Probe emtering a

right.
shoulder acute Bankart lesion through
the posterior portal

Fgure 1

mate the glenoid defect size, which
ranged from 11.4% to 38.6%." The
bony rim fragment was incorporated
during arthroscopic Bankart reparr
with 39 of the shoukders rated good
or excellent on the University of
California Los Angeles  Shoulder
Scale at an 3% month
follow-up, Two reinjuries were re-
ported. In another study, 21 patients
with a bony deficiency of the gle-
noid, including 11 with 2 traumanc
rm fracture and 10 withoutan iden-
tifiable fragment but with attritional
bone loss, had a sumre anchor ar-
throscopic Bankart repair.’® At a
mean 34-month follow-up, 2 of the
21 patients had recurrent sublux-
ation, and 1 had a recurrent disloca-
tion. None of the patents with re-
pair of a rim fracture fragment had
an episode of postsurgical instability.
In a stady of 65 patients (41 with
acute instabality and 24 with chronic
instability) who had undergone an
Jﬂ}lfl’licdplf suture anchor rl’pﬁif Of
a bony Bankart lesion, 2 patients (1
with acute and | with chronic insta-
bility) experienced a redislocation at
aminimum 4-year rnllo\v-up,': The
average Rowe score of the patients
with acute  instability improved

average

AAOS Instructional Course Lectures, Volume 58, 2009
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An acute Bankart lesion of

Figure 2
the humeral head with chondral damage
ard loose bodies (posterior portal, right
shaulder).

from 59 to 92, and the score of those
with chronic instability improved
from 43 w 61. Glenoid rim erosion
may ncrease with recurrent epi-
sodes of insubility. Arthroscopic
Bankart repair has an unaccepeably
high failure rate if there 1s significant
anteroinferior glenoid bone Joss, In
a retrospective review of 194 con-
secutive arthroscopic Bankart re-
pairs using suture anchors, two
groups of patients were identified
based on whether or not sagnificant
glenosd or humeral bone loss was
present.'” Glenoid loss was consid-
ered significant if the normal pear-
shaped configuration of the glenoid
had changed to an “inverted pear”
shape, in which bone loss resulted m
the inferior one half of the glenoid
becoming narrower than the superi-
or half. A 67% failure rate following
arthroscopic  Bankart  repair  was
found in patients with an inverted
pear-shaped glenoid or a significant
Hill-Sachs lesion, compared with
4% for patsents without a significant
bony defect. The size of larger gle-
noid defeces can be estimated using
the central bare spot as a reference.
The normal radius of the glenoid
(inferior two thirds) is the distance
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Figure 3 Posterior view of a Hill-Sachs
lesion {pasterior partal, right shoulder|

from the central bare spot to the -
tact posterior glenoid rim. The dif-
ference of the normal radius and the
distance from the bare spot to the
remaining  anteroinferior  glencad
margin can be used to estimate the
percentage defect (for example, a
defect of one half the length of the
radius is approximarcly 25%).

Hill-Sachs kesions are common af-
ter shoulder instability, especially if
the cpisodes are recurrent (Fig-
ure 3). Most of these lesions are rel-
atively small and can be ignored
without compromising the success
of the repair. However, a specific
subgroup 15 sssociated with a higher
failure rate after arthroscopic stabili-
zation." ™" In the sty cited above
regarding glenoid rim deficency. sig-
nificane Hill-Sachs lesions were also
defined." Three of 21 failures in that
study were deemed to have been
caused by an “engaging” Hill-Sachs
lesion, wherem the posterior humeral
defect engaged on the anterior gle-
noid rim with the arm in a functional
position of abduction and external ro-
tation, If the loss 1s greater than 3%
to 35% of the articulating surface of
the humeral head, an open ostecar-
ticubar allograft or arthroscopically as-
sisted transhumeral impaction graft-
ing may be considered, e
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Transhation of the humeral head
can be difficult to quanafy. However,
a qualitative estimation of anterior
capsular laxity or strain is uscful in de-
termining how much to pheate the
capsule with each anchor suture. In
addition, the magnitude of posterior
Lixity helps determine whether or ot
to augment the repair with several
posterior “pinch-tuck” capsular plica-
ton sutures. A traumatic midcapsular
rent o tear ¢an exist, even in the pres-
ence of a separate Bankart lesion. Ina
prevalence study, 12 of 303 shoulders
undergping stabilization (4%) had a
midcapsular tear in addition ro a Ban-
kart lesion.™ Eleven of the 12 tears
were repaired arthroscopically. with
the average Rowe score of those pa-
tients improving from 30.4 to 90.4 at
3l.month follow-up. In a review of
21 patients with a midcapsular war,
7 tears were isolated and 14 were ac-
companied by a Bankart lesion.*’
Mare than 9% of the patients had 2
good or excellent Rowe score after
an open or arthroscopic capsular re-
pair along with a Bankart repair
when indicated. The average loss of
external rotation was 8° for patients
with an isolated capsular closure and
16° for those who also had a Bankart
procedure.

Humeral avalsion of the glenohu-
meral ligaments is recognized as a
cause of recurrent shoulder instabil-
ity. The lesion may not be readily ap-
parent and must be carcfully sought
dunng diagnostic arthroscopy by ex-
amiming the anterior and posterior
capsular insertions onto the humeral
neck. These avulsions can be repaired
arthroscopically, although the proce-
dure is technically demanding.”™
Considerably kss morbidity is gen-
erated with a posterior arthroscopic
repair than an open posterior ap-
preach. For an anterior avulsion,
however, a standard open deltopee-
toral approach provides ready access
to the anterior neck of the humerus

with only partial subscapularis de-
tachment.

Any associated Jesion (superior or
posterior labeal lesion, chondral in-
jury, or partial-thickness rotator cuff
tear) should be identified and treated.

Technique for a Suture
Anchor Arthroscopic

Bankart Repair

A successtul arthroscopic Bankare re-
pair requires careful patient selection,
a thorough understanding of nermal
and pathologic anatomy, skill in nsing
arthroscopic tools and implants to ap-
proximate normal anatomy, and dis-
cernment in guiding the postsurgical
rehabilitation program. The toch-
nique is not inordinately difficulr, bur
mastery requires study and practice.
The necessary skills can be bomsed in
dry model and cadaver laboratories.
Thorough planning and the ability o
mentally rehearse the proceduse are
invaluable preparations. The operat-
iz room ssaff muse be onented to the
sequence of steps and instruments to
munimize miscues and optimize effi-
cency

Optimal Visualization

A clear arthroscopic view of the
intra-articular structures is essential
and is improved by using mildly hy-
potensive anesthesia (approximiately
100 mm Hg systwlic pressure). Epi-
nephrine can be inroduced into the
irmigant to help conwol bleeding
{1 mL of /1000 epincphrine per
3 L). Although the procedure can be
satisfactorily performed using gravi-
ty inflow, a pump allows blood pres-
sure spikes to be offset with a tem-
porary merease in inflow pressure.
The pump pressure must be care-
fully menitored to prevent exocssive
fluid extravasation.

Patient Positioning
The patient’s position must allow ac-
cess to all areas of pathology. In the

AADS Instructional Course Lectures, Volume 58, 2008
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hteral decubitus position, the pelvis
and shorax are supported by a vacuum
pack: (bean bag) with a 20° posterior
tilt of the chest to facilitate access and
orient the glenoid approximately par-
allel to the floor. A 5- to 10-1b weight
attached o the arm sleeve permits
suspension rather than traction of the
arm. Exccssive traction may compro-
mise the ability to adeguately reten-
sion the soft tssues in a superior di-
rection and can cause undue tension
on the brachial plexus during a pro-
komged procedure. A 5- to 10-Ib acces-
sory lateral traction can be oriented
perpendicular to the humerus to aid
m separatng the humeral head from
the glenoid and provade additional
workang space. Aleerarively, an assis-
tnt can manually displace the hu-
meral head posteriorly as the need
arises, The standard beach chair posi-
tion may be preferred because of the
normal, upnght orientation of the
shoulder anatomy. However, the pos-
terior aspect of the shoukder is rela-
uvely difficult wo access arthroscopi-
cally with the patient sitting. For a
patiemt in the beach chair position, a
higher systolic bleod pressure is nec-
essary to maintain adequate cerebral
perfusion; the normal compensatory
mechanisms for cerebral blood flow
may be compromased with the patient
in asitting position under general an-
esthesia. Conversion to an open pro-
cedure is simplest if the patent 1 in
the beach chair position but also can
be sccomplished relatively easily from
the lateral decubitus position.

Portals

Accurate portal placernent facilitates
identificason and weatment of all
intra-articular  pathology.  Poorly
placed portals create difficulty in
preparing the tissues for reparr, plac-
ing sueures and anchors, and tying
knots. The entry site for the posteri-
or poetal is 1.5 cm inferior and

Figure 4

o, P = posterior.

1.0 cm medial to the posterolateral
corner of the acromion. The cannu-
la and trocar are directed toward the
coracoid tip anteriorly (Figure 4). If
drills and anchors may be required
for the posterior glenoid, the entry
site should be adjusted 1.0 cm far-
ther lateral to provide an accepeable
approach to the narrow posterior
rim of the anteverted ghenoid.

The midanterior portal provides
access to the anterior glenoid for in-
struments. The entry site is located
L5 em lareral and 1.5 em inferior o
the coracoad ap. A spinal needle
should be wsed to verify accurate
placement: it is initially directed
slightly supenior, over the superior
border of the subscapularis, When
the arm is relatively adducted, the
subscapularis is fairly lax and can be
depressed inferiorly by the incom-
ing needle or cannula and permit
ready access w the anteromferior
glenowd. This portal should provide
a 307 1o 457 approach e the glenoid
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The standard artheoscopic portals. AS = anterosuperice, MA = midantori-

rim in the transverse plane, which is
exsential for safe drilling and anchor
nsertion. An 8.5-mm clear threaded
cannula i opeimal for this critcal
working portal.

An anterosuperior portal can be
used a5 a working portal, with view-
ing from the posterior portal. Alterma-
tively, the anterosupenior portal can be
used as the primary viewing poreal,
and only the arthroscopic sheath
needs be inserted. The optimal entry
site is 1.0 ¢m lateral and slightly ante-
rior to the anterolateral corner of the
acromion, The proper path is estab-
lished using a spinal needle tat enters
immediately anterior to the su-
praspinatus tendon and through the
rotator interval, esther anterior or pos-
tersor to the biceps endon.

Glenoid Preparation

A full-radius synovial rescctor s
used 1o débride the articular glenowd
margins, removing ragged or unsta-
ble articular cartilige (Figure 5). To
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Shaver débeidement of chon-

Figure 5
dral and labral damage {anterosuperior
poretal, rght shouldes)

prevent inadvertens damage to the
sometimes fragile adjacent capsulo-
labral tissue, suction on the shaver
should be tumed off. The repair
must restore normal capsulolabeal
tissue tension to prevent future gle-
nohumeral instability. Adeguate re-
tensioning roquires mobilization of
the capsular tissue, which may have
scarred medially along the glenoid
neck. A liberator clevator s ntro-
duced through the midanterior por-
tal and wsed to free the scarred cap-
sular tissue from bone. When the
release is complete, subscapularis
muscle tissue should be visible me-
dul to the capsule (Fgure 6). Ade-
quate mobilizason alkows the cap-
sule to be advanced both superiorly
and laterally onto the glenoid rim.
An aggressive shaver or a 4.0-mm
burr run in reverse is used tw lightdy
excoriate the anterior neck of the
glenoid w provide a bed for tissue
healing.

A thin rim fracture fragment (1 o
2 mm wide) can be repaired or ex-
cised. If the fragment is removed
with a burr, the reverse setung
should be nsed 1o protect the under-
lying periosteum and thus enhance
the integrity of the reparr. Reduction
and repair should be performed for a
fragment larger than 10% of the gle-
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Exposed subscapularis mus-
cle deep to the capsule farrow) (antero-
superior portal, right shoulden

Figure 6

noid diameter. The fragment can be
encireled with anchor sutures, or al-
ternatively, sutures can be passed
through the fragment by predrilling
with a small Kirschner wire, [tis of-
introduce  the
Kirschner wire from the posterior
portal to safely approach the separate
anterior bone segment. Great care
must be exercised 1o avoid inadver-
tent wire penetration mto the soft
tissues anterior to the capsule.
Overreducing the nm fragment and
creating articular incongruity should
be avoided

wcn necessry w

Anchor Placement

Anchor holes should be dnlled 2 to
3 mm onto the articular surface of
the glenoid (Figures 7 and 8). The
anterior wall of the dnll hole muse
have sufficient integrity 1© prevent
dlL' 5"%‘“}’, [l‘p:{ir sutures l‘n.)"l cut-
ting out anteriorly and medially dur-
ing the healing period, rendering the
repair ineffective. The drill bt
should approach the glenosd at ap-
proximately 45 in the transverse
plane. I the approach angle is o
shallow; there is a risk that the bic
will skive onto the articular cartilage
or that the anchor hole will be locat-
ed wo medial along the glenoid
neck. Anchors should be evenly

HH /
,f7/_’

/

!
f

Figure 7 Ovientation of the glenoid
drill hole in the transverse plane (Tong
intact bone kaeral 1o the dill
hole (shoet arrow) lanterosupenar poe
tal, ket shoulder), G = glenoid, HH = hu-
meral head

ATOW]

Sutue anchor placed 2 to
3 vy ot the face of the glencid, with

Figure 8

intact antesior bone margin (antereeupe-
riar portal, right shoulden

spaced between the 3-o'cleck and
2-o'clock positions on the glenoid,
After an anchor is implanted, 1ts se-
curity should be tested by firmly
pulling on the suture strands. High-
er rates of repair failure have been
reported when fower than three or
four anchors are wsed.'” Whether
made of metal or absorbable materi-
al, loose or prominent anchors may
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cause significant articular cartilage
damage. Nonmetallic, nonresorb-
able anchors made of polyether
ether ketone material have been in-
troduced 10 avoid the cavitary bone
cysts sometimes associated with re-
sorbable anchors.

Reports on the use of knotless an-
chors are conflicting. In one study,
experienced users documented ex-
cellent results at 2 minimum 2-year
follow-up; knotless anchors failed in
oaly 5 of 72 patients (6.9%), all of
whom  were than  age
22 years.™ After a similar follow-up

younger

period, another rerospective review
reported failure of 5 of 21 knodess
anchor repairs (23.8%) compared

with 3 of 61 repairs using knot-tying
anchors {4.9%).*

Capsulolabral Retensioning

Restoration of normal anatomy dur-
ing the repair is cssential, to the ex-
tent possible, A review of 24 patients
who underwent revision surgery af-
ter an unsuccessful open anterior re-
pair reported a persistent or recur-
Bankart lesion in 16, with
capsular redundancy in 4.%° Viewing
8 from the anterosuperior portal, A

rent

serrated drill guide provides a more

Figure 10
filament suture shuttling the inferic

secure meattachment of capsulals

Manofilament shuttle suture passing throu
| 3

secure purchase on the glenoid face
than a fishmouth style tip, Afier
drilling 2 hole in the appropriate on-
entation, an  anchor is  inserted
through the midanterior portal and
the sueures are retrieved out the pos-
tenor cannula. A clamp is used w
wdentify the limb that exits the an-
chor inferiorly so that when this su-
ture i shuttled back through the tis-
sue, a 18P twist of che suture at the
anchor eyel

is avoided. Glenohu-
meral reduction should be main-
ained during suture placement, and
arm traction should not be permit-
ted to canse inferior sublusation of
the humeral head. 1f the capsulola-
bral tissue s markedly displaced in-
feriorly, 1t may be necessary 1o passa
suture through the capsule and
apply superior traction to appro-
priately tension the capsule while
introducing the repair sutures {Fig-
ure M),

The goal is to introduce the infe-
rior limb of the anchor suture ap-
proximately 1.0 cm inferior and
L0 em lateral o the anchor exit
point from the glenoid nm. This
placement will permie superior ad-
vancement as well as mediolateral
plication of the capsule when the su-

anchor suture through
@ glenoid rim (All v
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ture is tied, A curved, cannulated su-
ture hook 15 passed down the mi-
danterior  porwal,  throngh  the
capsule, and then up bencath any
remmant of the labrum. Once the
hook has been placed through the
tissue, it 15 brought superiorly with
moderate tension to check for prop-
cr phacement: if the hook can be dis-
placed superor to the anchor site,
the capsular dissues will nos be ap-
propriately tensioned when the su-
ture is tied, and the hook must be
replaced farther mferior. When the
hook is correctly placed, a monofila-
ment shuetle sucure is delivered and

Figure 9 Manofilament traction suture
usexd to rotension the capsule superary
wuperior portal, nght shoulder)

e capsule inferar and lateral ta the glenaid anchar site. B, Mano-
apsubalabeal tis

.. C, The completed Bankart repalr, with

ws are from the anterosuperion poetal, righ shoulder.)

in
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retrieved out the posterior cannula,
using 2 loop grasper (Fgure 10, A).
Using a simple overhand throw, this
posterior imb of monofilament su-
ture is tied around the il of the in-
ferior anchor suture limb (previous-
ly identified with a clamp), which is
then shuetled from posterior to an-
tersor through the capsule (Fig-
ure 10, B). This limb, which passes
through the tissue, becomes the post
for a sliding knot that is delivered
laterally away from the glenoid as st
is introduced. Sliding knots are
backed up with three or four half
hitches. These steps are repeated for
cach anchor and suwure pair (Fag-
ure 10, ).

Test Repair

The repair should be palpated wath a
nerve hook to ensure that the su-
tures are tighe, the capsulolabral as-
sue is securely fixed o the glenoid
rim, and appropriate tension has
been restored. The arm is then re-
moved from suspension and shoul-
der seability and acceptable range of
motion 15 confirmed.  Absorbable
subcutancous sutures and adhesive
strips complete the portal closures.

Summary

For an appropriately selected patienr,
arthroscopic Bankart repair can effec-
tively restore capsulolabral tension
and functional shoulder stability
whik optimizing postsurgical range of
motion. The patient’s anticipated de-
mands and the surgeon’s familiarity
and expenence with arthroscopic
techniques may affect the choice of an
open or arthroscopic stabilization
procedure. Although youth is notan
ahsolute contraindication to an ar-
throscopic anterior repair, if signifi-
cant tissue laxity s present in a pedi-
atric patient, the shoulder should be
stabilized using an open procedure. If
many instability episodes have led w

312

marked capsular awenuation or sig-
nificant bony loss, an open repair also
is advisable. A CT scan is parncularly
valuable in assessing the extent of an-
erior glenodd bone Joss and magni-
wde of posterolateral humeral head
impression defects. An arthroscopic
Hankart repair requires adequate mo-
bilization of the capsulolabral tssue,
carcful glenoid preparation, secure
anchor placement. and accurate su-
e delivery, These steps, when prop-
erly performed and followed by ap-
propriate rehabilisation, will lead toa
successful arthroscopic shoulder sta-
bilization.
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Appendix 5, (Chapter 3)

Metric Development for an Arthroscopic Bankart
Procedure: Assessment of Face and Content Validity

Richard L. Angelo, MD., Richard K. N. Ryu, M.D. Robert A. Pedowitz, M.D., Ph.D.,
and Anthony G. Gallagher, Ph.D., D.Sc.

®

Purpose: To establish the memca (operational deﬂnlcns) nemaryto cha 2 ref h pic Bankart
procedure, and 10 seek ¢ from exp hould pists on the approg ofthe steps, as well a5
mmxhnﬂeduetho&ﬂma]umd h hould and an experimental psychologist
(comprising the Metrics Group) deconstructed an m}umpc Bankart ;l'oculnm Foureen full-length videas were
Myndmﬂmfthﬂsq:uﬂm&mﬂmmﬂenmd (i.e, mare serious) errors were defined as either (1)
potentally ) g the pr or (2) ceating trogeni damage © the shoulder. The metris were stress
t&cdbrdarnyandﬂ\eahlnytohesmmdmhmyhﬂm during a video review 35 either ocaurring or not ocaurTing.

The metrics were subjecied to analysis by a panel of 27 exy ed arth pic shoulder surg 1 obtain face and
hdity using a3 modified Delphi Panel methodology (consensus opinion of expenienced surgeons rendered by
cychcalddbeman) Results Forty-five steps and 13 phases characterzing an arth Bankart proasd

were
identified. Seventy-seven proaedural errars were spedfied with 20 designated as sentinel amrs.fhemd&dbdph
Panel deliberation created the following changes: 2 metrics were deleted, 1 was added, and § were modified. Consensus
on the resulting Bankart metrics was obtained and face and content vahdity verified. Conclusions This study confirms
that a core group of exy d arthr, s able © perf task deconstruction of an arthroscopic Bankart
m“mnm@mmpalﬂem&ﬁumm (m)dmmnadydmutnmmﬂmupms
of the procedure. Analysis and revision by 2 larger panel of expenienced arthrosmpists were able 1 validate the Bankant

metrics. (Qinical Relevance: The ahility to perform task deconstructon and vnhduetherudmg metncs will play a key

1 skalls and

& s 3

role in g

>

WOgt ¥ 1

he inent of any surgial training program, both for

residents and for established surgeons acquinng a
new procedural skill, i to enable the trainee © acquire
the requisite skill sets necessary © perform the desig-
naked surgical procedure well and sxfely. To accomplish
this mission, a ckearly defined endpoint or set of skill
proficencies must be identified Purthermore, it must

From ProOrtko Clinic (RIA), Kikland Waskingiw: The Ryx Rurvity
Osthopedi Chric RENR ), Sawta Bashara, California; Profesor Fresitns,
University of Califoria (RAP.), Lou Angels, Califorcia, USA.; and Ui-
waiy Colege Cok (A.GG), Cork Imland

The axthon report the following potential confBa of imterest or wusce of
fumding: RIL A warive suppost from DePuy Mirk. REN R warive sapport
from MedBridse aed Mick

Reavivel Decanber 26 200 3; aaxpted April 15, 2015,

Adiwn comepondena o Rdard L. Angeb, MD., ProOrtko Qimic
1201 2@k Aw NE Q¢ R-200, Kiskloed WA 98072, US. A E-msl:
rieondorfo® ot ne

© 2005 by ke Asthroxvpy Azocative of Notk Amesica

7498043 1350 $38 0

Rty il x doiorg/1 0 1 08 arthero 2015 04093

1430

be verified that mastery of those skill sets can accurately
be ed during the trainee’s progress. It must
abo be confirmed thnthe acquisition of those skilks is
predictive of the ability © perform an efiective surgial
procedure. Many experienced surgeons who are “pro-
fident” in the performanca of a spec fic procedure and
are able to perform it well are ako able © identify and
agree on the essential “steps” © be completed, aswellas
the “ermors® to be awoided, for that procedure. The
rexder i referred to Table 1 for a glosary of terms used
throughout the artide. One dhallenge, however, in
identifying those key features & that surgeons rarely
think about the procedures they perform with this level
of detail. Surgeons who are proficent in the perfor-
manc of 3 specific operation will exhibitmanyifnot all
of the important *performance characteristics” (Table 1)
that contribute to actually perfforming the procedure
well. They may, however, have automated © many of
these sieps and how they are performed and, as a
consequence, may be kss cognizant of the details and
more granular elements of the techniques they use.'

Artlrcsapy: Toe Jowrmal of Arthoxopic and Rdatel Ssrgery, Vol 31, No 8 (Asgus) 2005 pp 1430-1440
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Table 1. Glossary
De finigon

Bluvord scient g A pro cslona] who cngag e in oy discpline conce mad specfi clly with e subjoct of husn actions wnd
Behiavicr

Concurs i validity A tpe of evidence In which there b 4 positihve xlaion between the (o scoms e one bntn mend and
the scores fromn anodher ey W he s

Countnxct vty Awdrﬁmlhwh*&nhi&ﬂ,kﬂ ability, or it they were
desdgnad w monure

Coment validty An sl (by cxpert/eny d ogindion) of the valdity of 4 teting bntrume ot buod on 4 desdliad
cxaninaton of the contenss of the (et eas

De firdgion A defiine, Sitineg, wnd dear objective chumciering bn providing an accurate and relludle den Sficagion of

Delld Pand (modificd)

whedher an event wis or wis Dot observed © huvwe occured

A d ch igruly develbpad as asy
-:.d.-nlnnk@hdnwlpth&-&lhk&*ndk
pand amwer gueresivoie B 2 or mox ramd (cyda) an the sppraprisenos of the metre-buad
opcrationad definidans of deuled wpas of grocadure pedarmunce widh the goud of achicving
commen s v ing B Dot encerysous

Descripton A qualingive duscerizgon o corub orsalent asgeos or futures of an cvent
Brrar A deviuton from optond pedarmunce
Face validicy An cfisuie by an cxperionced puncl Sut reviews the amiont of an sscan o o wol  see K com
apgropdanc and rdewnt (o the concepd il pusors W mesus
Reradive proces A grocess for caloulating or prograsing loward 4 dalrad reuull by mcan of repested cpeles of operabas
(dcliberadionn |} an Reradive proces shaull be convergeng, Gut ks, K should come coner o the desdrad
resull w the mumber of Beraioes Increuses
Likere-le wule A method of weriling a ¢ v B 0o qua duta o ke O e Tandyss
Mewric A dard of of gu wed for olje o adioun o muke
cb-d-—‘—~
Metric stress ooy A-‘dh&ﬁqm#-ﬂkmhtm&iqﬁa&duhm
In vivo or ideo-xconled periosmnce
Metric unit A mecthal of mossurcment bn which the bulc parss or ax dicrete pedk T
Ope s Sond defl nigion Te--c‘b&e-nﬂkumlhlndam(aad“(ulm&dh
= and &
Performunce chumcierisgics The fonwres & h‘e ';"‘~ o a ghen ik mouedagn g proet known tandeds of
amn‘t-#uus
Praficiwe valdicy A type of evidence thae deiesnines the cxicnt (o which @ wores on a % we pedaie o atud
pedormunce
Pracedus pluse A;rqatl&idhq.ﬁnhdaauanh-&‘mww‘e&rﬁ-n-bq
-
Profl cency fproficient quathddpth—&&h‘ly-q-ﬂl‘wmﬂah-hwmanm“‘
luae&ﬂnd“n
Refexnce grocodure A y s P dure; an gead eptad appoach o e perk ofan
Reludility of exificagon ﬂcclaﬂdqraﬂikmmZ-malkmda“d*mﬂlemlnl’i
(lemer-mier rellabiliy) Q oy -nauz crpictc aw
Sentind cmor An eventor A froen opdend pe duringa p dux dut
eﬂ::(liwt:w&b‘nuﬁdlhpcaah-ec(2!&&”*“»-
padicn S Gaus
Sep Ampnl*&rmwdww&#hdlmm
Tk andyds An of how ap luding a deudad ipdion of e
-ml“uuhdnqwlhkh‘ gon, frag Y and plcxity and wny odher wique
and digin guishing lactors
Tk decosntructon To break down a procedux ko comdtuc i Lals, SCfs, OF compan cnts

that ¢

skl @anbe  duration, and result of the spedfic acion and provide

The units of perf

cucklated with a “task analysis® (Table 1), or break-
down and detailed description of the st or aai

]'ntcne ptnnztls suchthn it can be mnn'bgumdy

neasary to perform the procedure. In attempting to
characterize specific skills, psychdogists have subjected
them to a detailed task analysis and then “operationally
defined” (Table 1), rather than simply described, the
resultng steps. A definiton specifies the order,

dete d whether that specific event did or did nat
occur. A “descripion” (Table 1), on the ather hand,
only offers a general characterization of an event or
behavior in qualiative terms. Definitions are the
prefermed foundations of measurement science. The
definitions, or *metris” (Table 1), for a specdfic
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procedure provide a quantitative standand of mea-
surement that can be used © objectively assess perfor-
mance. These metrics must then be valdated with
respect to whether their characterization fits with what
s known about the skill being amalyzed The task
analysis—derived characterizations, or “metric units®
(Table 1), of skilled perdformance do not have © capture
every aspect of performana but shoukd at kast allow
for ordinal differentiation between different lkevels of
performance as described by Dreyfus and Dreyfus. The
metrics created from this analysis can serve s a todl to
evaluate the effectiveness of different training protomls
for a particular surgical procedure.

*Pace validity” (Table 1) is verified by the opinion of
an experenced panel that reviews the content of an

or tool to de ifitis approg and

k to the Pt it pury © measure. “Con-
tent validity” (Table 1) of a testing instrument s simi-
bry obtained amd based on the opinion of an
experienced panel that performs a detailed examinaton
of the contents of the test items. Thus the face validity
and cment validty of wob assessing procedural skill
are nat verified by statistical analysis but, rather, by the
summary opinion of an expenenced panel of surgeons.
An additional question that relates © establishing the
validity of the metric definitions for a particular pro-
cedure asks, “Do more skilled individuals perform bet-
ter on the defined metriks than kss skilled or
experienced individuals, and do the spedfic metrics
ilentify the quality, ability, or trait they were designed
to measure (‘construct validity’ [Table 1])*? In aomntrast
to b and content validity, the establshment of
construct validity requires sufficent data and statistical
analysis to prove that it exists.

Task analyss for a panicular operation shoukl be
perimned mitially for a “reference procedure”
(Table 1)™"—one that is straightforward with a gener-

R L. ANGALOFET AL

The purpose of this study was © establish the metrics
(operational definitions) 1y to charackerize a
reference arthrosapic Bankart procedure and to seek
consensus from experienaed shoulder arthrosapists on
the appropriateness of the steps, a well x5 emors
identified The null hypothess was that face and con-
tent validity for the step and emmor metrics derived from
task deconstruction of an arthroscopic Bankart proce -
dure woukl not be demonstrated.

(RLA, R.I'(.N.R RAP) edl with over 25 yun of
clinical practice, and an experimental psychologist
(A.G.G.) formed the Metrics Group that characterized
an arthrosaopic Bankart repair. A detailed task analysis
and d tion (described in detadl else-
where)* was used © identify the units of performance
that are inwegral to the skilld performanae of the
instability repair. mgoalwasmdurxwiua
mktcnc: arthroscopic Bankart repoir and nat one
a 8 0 1or instability
paholqy Pmoeduu performame  characterization
(msk d ) was guided by (1) decades of
pracice and tweaching cxpen:nc: by the Mclncs
Group, (2) published studies on

repair,””"© and (3) manubdurer gu:ddnts on device
use. Two 2.5-day Bceto-face meetings and eght 1.5+
to 2-hour online mnferences were conducied, along
with countless E-mail exchanges, to craft the proce-
dural metrics. For the online sessions, the use of Skype
videoconferencing (Micrasoft, Redmond, WA; available
at wwwskypecom) ensbled the investigators (RLA.,
RKNR, RAP, AGG: who mnsie in differemt
geographic  kocations) to simultaneously review

dlymptdmapeedm hod that & u 3
cated under ideal dre An optimal approach
to keaming should ensure that trainees are amble of
performing a routine procedure before they have to
deal with the technique variations necessary © xidress
more complex pathology.

We sought to stixly the effectiveness of “profidency-
based progression® (Table 1) training phes smulaton
for the acquisition of surgical skills. Proficency-based
progression dictates that the learner must demonstrate
the ability to meet specific performance baichmzb
before he or she & permitted to in trai
This investigation required the dcvdmmm and vali
dation of specific tooks to conduct the analysis. The first
component needed was a “metric tool” (Table 1) that
coukl objectively and accurately charcterize an
arthroscopic Bankart repair. The dcvel:vpcmm of ths
todl is the focus of this stdy. Putured %

arnt pic videas in real time with acceptable reso-
lution. One investigator initiated a standard Skype
video connection for a group call using a laptop @m-
puter. A d T (desktop) with a high-
resolution screen was used to play the arthrasaopic
video being studied. An independent USB camera
(pevo, Sunnyvale, CA) was connected to the USB port
of the ptop to which the Skype video input was
directed, instead of the resident camera on the laptop
saeen (“settings” tab in Skype). Thus all of the mem-
bers on the group Skype @all viewed the arthrasaopic
muge rather than the cal initiator’s image.

video of a plete in vivo
Bmhn procedure, perimnad by surgeons with vary-
ing levels of experience (Table 2), were reviewed by
the Metris Group in detail © assist in the creation
and stress testing of the metrics. The videos represented

repart on the establishment of additional tools.

B! with practice expernena rangng from 3 ©
33 years. Both the lateral decubitus (n = 10) and
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Table 2. Source Videos for Bankart Metric Creason and
Stress Testing

1433

Thus inference that an event was 'ihly to h:ve
occurred” was elimi d. For

views of the anterior humeral head shmed rda:vdy
healthy or pristine anticular cantilage eardy in the pro-
cedure, with scuffing and abrasion later during the
repair, but the injurious event was not olserved on the
video, it was not scored a5 an error (or damage © non-
target tissue).

Metric Stress Testing and Reli ability of Identification

After the 4 bers of the Metrics Group were
satisfied that the entirety of the prcedure had been
well characterized, they “stress tested® (Table 1) the
metrics by subjecting them © a robust assesment of
how reliably they coukd be independently scored in

Video No. Sugcon Tene bn Practice, w Futicrt Oricrtagion
1 P i

2 o] n

3 b i

4 x i

s » D

é ” BC

7 s BC

H] x i

9 b 3 i

10 n n

1 » 84

12 s in

13 3 BC

4 4 BC

"I Teah char, 1D, Lecm! denbien.

beach-chair (n = 4) of the p were

represented. All metrics were constructed to be apphi-
cable to and able to be swred for surgical procedures
performed with patienss in both the bl deaibitus
and beach-chair orientations. During the senies of video
reviews, each metric unit was identified and the defi-
nition refined so that it coukl be tnambiguously scored
a5 either oxrurnng or not occurnng, with a high degree
of reliability, by an independent group of raters. Each
stepwas further defined by dentifying beginning points
and endpoints during the procedure for that metric. The
aim was that these detailed metric units would accu-
rately capture the essena of procedure performance, as
well x5 serve a swnd and comprehensive hanlng
guide for persons & g the g dure. The
indwded the spedfic qvaauve neps, the general onder
in which they shoukd be accomplished, and the in-
struments and the manner in which they should be
used. “Procedural phases® (Table 1) were specified for
groups of related steps. In addition to specifying each
procedural step, metrics were abko creawed to identify
poeential “errars” (Table 1), or actions that deviate from
optimal performance and should not be dme.'’ The
inkent, again, was to create unambiguous operational
definitions (ather than desaiptions) for each metric
error. A special designation was made for more serious,
or “sentinel,* errors defined by events that, by them-
selves, could either (1) jeopardize the outcome of the
procedure or (2) lead to significant iatrogenic damage
to the shoulder joint An additional error characte riza-
tion was termed “damage to nontarget isue.” This
ocaurmence defined an event that was injurious to tis-
sues not intentionally being addresed during the
defined task, such as “scuffing of anticular antilage by
an instrument” or *la@rating the intact hbrum.*

By agreed on convention, an event (step or ermor)
must have been cbserved on the video to be smred

blinded fshi Eight video recordings of complete
arthroscopic Bankarnt procedures that were performed
by surgeons possessing a wile range of technical skill
were independenty reviewed and scored. Both the
lateral decubitus and beach-chair orientations were
represented by the videos studied. BEach metric was
sored in binary fashion as either yes or no (occuming
or nat occurring). After each video review, differencaes
in the scoring of each metric by the reviewers (RLA.,
REXN.R,RAP.) were compared and discussed. Where
necessary, operational  definitons were clanfied,
maodified, or dropped and new ones added to optimize
the funcionality of the characterizations as a whole.
This process of independent viewing scoring, and
revising the step and error metrics was continued ungl
the Metrics Group was satisfied that the metrics accu-
rately and unambiguously characterized the specfics of
an arthroscopic Bankart procedure and muld be “reli-
ably dentified” (Table 1) by independent reviewers.
The extent of agreement between 2 raters for the entire
group of siep and eror Bankant metrics muld paten-
tially range b 0, no a3 t, and 1.0, com-
plete agreement.

Face and Content Validation of Bankart Metrics by
Modified Delphi Panel
The Delphi Panel method™ (Table 1) is a process that
provides an inkradive communication structure be-
tween researchers (ie., the Metric Group authors ) and
an c:pcrtncd plnel (s described Iater) in a field or
lin atic feedback on a given
('.e..the anmrxyo“hemants developed for a
rdelenoe approach to a Bankart procedure). The Del-
phi method uses an “iterative process” (Table 1) for
progressing toward a desired result by means of
repeated cydes of deliberations. The irmtive process
shoukl be convergent, that is, it shoukd come doser ©
the desired result a5 the number of iterations or cycles
of review inageases. For the Bankart characterimtion,
the desired result (consensus on the appropriakeness of
a particular metric) was obtained by means of repeated

-
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cycles of questioning, deliberation, metric modification,
and vmng on the amtqmacnes of each refined
metric definition. The h By that good-
quality knowledge evolves from the process. The Delphi
medmdvrasnndiﬁcdtod:enmtt}m the voting
cycles, with each new i ion, were not

The determination of face and conent vaidtyfor the
Bankart characterization was made by subjecting each
metric 1 an appraial by apoup of surgeons who were
very eqvcnmc:d in the g of an ank
Bankart repair. Tmy-sewn board-certified ortho-
paedic surgeons (the 3 Metrics Group surgeons and 24
additional Arth Py A of North Amen
shoukler Bailty instruciors) with an average of over 23
yearsin clinical practice involving shoukder arth roscopy
atterxded a Delphi Panel. Four of the panelists are full-
time a@ademidans, 9 are in private group practice and
have direat invalvement in eaching fellows, and 14 are
in private practice with a clinikal affiliation with a
university onthomedic depantment. Each member of
the Delphi Panelis a master or asodate master faculty
member of the Arnthroscopy Assodation of North
America anxd has hwndletednnqxciwanlmmm
Bankart repair during shoukd i at
the Orthopedic Leaming Center (Rosemont, IL). An
experimental psychologist dlitated the meeting.

Delphi Pand Procedure
An overview of the pmjec and meazrg tb)ca:vu

.an.; £

R I. ANGALOET AL

and a new wote monducted on the acepability of the
maodified metric. This process was repeated until the
metric was amepted. F consensus amuld notbe achieved
through a series of modifications, the metric was
deleted. When it was deemed necessary, a new metric
was defined and added.

Results

Bankart Procedure Metrics

The step metris resulting from task decmstruction
were grouped into 13 separate phases of the procedure
(in Roman numeralks). Exch phase (eg. “arthrasaopic
instability assessment” or *inferior anchor preparaton/
insertion”) contains a seres of related, unambiguously
defined, observable pricedure events (steps) with spe-
cific beginning and ending paints. All potential errors
identified had been noted to occur during the stress
testing of the metrics. Some of the identical errors and
sentinel errors could our during different phases of
the procedure that recurred during the 3-anchor repair
(eg. “uncomecied entanglement of shuttling device or
suture”).

Modified Delphi Panel
All phases of the )l'muhre were amepted as kenti-
fied. Only a minority of ph and their

associaked metrics were aceepied without discasson. At
the conchssion of the delibe
the Dd]iuPanel was reached for 45 steps, 77 ermors (29

pmﬁucmybaed pr(‘luatm training, prior Iiumum
showing the validity of this taining appraach for pro-
cedural specialties, and the specific objectives of the
current Dedphi Panel ™ were reviewed. It was explained
that the BRankart metriks had been developed by the
Metrics Group for a referena approadh to arthroscopic
anwernor shoukder stabilization for unidirectional ante -
rior glenohumeral instability.*” It was adkmnowledged
that the designated reference procedure might not
reflect the exact techniques used by individual panelists
but that the operative stegs that were presented acu-
rately embodied the essential and key components of
the procedure. An affirmative vote by a panel member
indicated that the metric definition presented was ac-
curate and ameptable as written but not necessarily that
it was the manner in which that particular panelist
might have chosen to complete the step. “Consensus”
meant that there was imity in voting g the
panelists and that a panticular metric definiion was
“not wrong or inapprojriate.” Each of the procedural
stegs and potential errors were evahated individually.
After exch metric definition was J d panel
bers voted on whether or not the metric was
acceptable as writen. If the panel could not achieve
comsensus beause of bd of danty or differences in

qque), and 20 inel errors (8 umique) (Tables 3
and 4). During the panel deliberations, 2 metrics were
deleted, 1 was added, and 5 were modified before
consensus was achieved (Table 5).

Summary of Points Raised and Voting Outcomes of
Bankart Delphi Panel
The minutkes of the metric wakdation meeting
(Copernicus Study/Delphi Panel), hekd November 18,
2011, are g d herein (recorded by Robert Pedo-
witz, MD, PhD.). The meeting chair was Rid Angelo,
M.D. The Project Leadersship Team comprised Rid
Angelo, Rick Ryu, Rab Pedmvnz. and Tony Gallagher.
The attende T Angelo, R. Ryu, R Pedo-
witz, J. Tokish, R. Bel,R Runtt,K.de,V Goradia,
A.Barber, S. Snyder, B. Beach, J. Abrams, B. Shaffer, J.
Tauro, L. Higgins, S. Weber, S. Koo, D. Richards,
J. Esch, J. Dodds, J. Randle, 1. Richmond, A. Curtis, J.
Burns, N. Sgaghone, J. Kelly, and S. Powell (27 vating
attendees), as well as T. Gallagher (meeting facilitator)
The meeting overview is as follows:
1. Dr. Angelo presented a brief overview of the projea
and meeting oljectives.
2. Dr. Gallgher presented the hadground of
pmﬁuency-lned training, as well x5 some prior

opinion, the metric definition was revised din gly

Y

ting the validity of this

=
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Table3. Th Phases of Arthroscop kart Procedure (in Roman Nu ls) and Bried Su y 0145 Sieps of Proced ure
L Porsds
1. Podterior postad establabhad

2 Vew poate sor hume sl head and exient of the HE-Sacls when gresent
3. kroduce mid-wdorior spinad neadle ke diniely superion 1o the suboc spulerss and dlect € toward She wterol levior glonoldd and lbrus
4. Badlsh o cemuh Sutabus the e rior bosler of the adacupulads nour the ke rad subscs prullerks merdon
5. I acces w the erinar yernoial e
& ktmduce wie ravuperior plnal noedie at e supcroliic sl wpat of the ratuor e v and diect & el the wesor genold
7. Badlch wn wdcraupe for cenmnul, 4 th wecopic sheady, o swiching sick
1. A b P
kai-.p“&,'ahl
& View or prode the superior labrad o clene ag onto the glonodd
9. View or prode wdcular surface of the mtator cull
10. Frobe a e minde sor e notd/ Ru st putholayy inchading rim fractue, wdcdr defot
Vew fram edcraupe for paul
11. View or prebe the midadssen e of the we sordnferior glonolnme sl By o
12 View or prabe @he b rtian of the anterior gon dh mcrad Byaenc s coto he anterior huscral neck
N1 Cagrablabrad mobilivon/ on dd prepuraton
13, Hevate the capradoldrad Sane Txen the glonodd neck wnd ardoule sugyhn
14 View e sbscgprilarss scle superficid o the moblized cgrule
15, Widh an bnoramcnd, grop and periorm an nferior o sup it ol e capradolidrad Gane (0 show werdon b rasorad)
16, Obadn & view of the amie for genodd nack
17. Mechusically alrade the glenodd nock
V. keferior anchor por pu radion) e £ b
18 Sek the guide Sor the ot bnedor wnchar hole & the nferior wgon of the wme minde for qualrunt
19. Dl anchor ok ebligue W the glonohd wrdcular lace
20. keert anchor
21 Tt anchor securky by pulling on suture uils
V. Sugure delvery/ s ge st
22 Puos a carenlaiod suture hook or suture xtriover Gurough the agauler Siane nlorior (o e anchar
23, Puss snchor suture Beed thoough the capiular thane and deliver ot the antevior cunmula
VL Kot 1y
24. Deliver an wrdwoscopic sliding knot
25 RBack up with 3 or 4 hulditchs
26 Qutsugure wils
VIL Seamd anchor poe pura ba Inncrdion
27. S the &4 guide Sor the second anchor s gerior W the fisg anchor end lerior o the aquator of the genoid
28 Dl anchor hole obligue 1 the glonokd wricular lae
29. kemert sutu e wnchor
30. Test anchor securly by pulling on s ture il
VI Sexture delivery fov nugg conc o
31. Puss & canmlaied suture hook o suture wtriover Suough the cpauler Ssane i lorior (o the s ture anchor
32 Puss snchor suture Bod (hoough the capnular thane and deliver out the anterior carmula
IX. Kot ey
33. Deliver an wrdwoscopic sliding knot
34, Buck up with 3 or 4 huldiicha
35. Qutsugure wils
X. Thiad anchor por puradion) e # kan
36, Som the &4l guide Sor the third anchor & o superior 1 the aguator
37. Dl anchor hoke ebligue W the glonohd wrdcular lace
38, ket sutu e wnchor
39. Tt anchor securly by pullling on suture uils
X1 Suure delive ryf suen g soces
40. Puos & canmlaied suture hook o suture woriover Gwough the cpruler 4t or lndefor o the suture anchor
41. Pus snchor suture Teed thoough he capiular thane and deliver ot the wntevior canmula
X1 Knot tylng
42 Deliver an sliding
43 Buck up with 3 or 4 hulditches
44. Cutsugure wils
XML Frocadure revew
45 View and/ar prode firul congicad reguir
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Table 4. Summary of 29 Different Bankart Procedure Mewic Errars

1. Fullure o st sin s ativukr podton of the juaterior cemub

2. Fallure o sudedsin bt s w g ivulr polgon of the mld an terior carmmla

3. Fullure o sudeduin s tivulr polgon of the we mauperior el

4. Dienge 10 the supe sor border of the suboca pularks du ey cretion of the sddurt crior portd

5. Duenge 00 the ante for barder of the supriplnegu s durlng ceaion o the wnierosupe for partl
6. Loss of I ts -articulr position of ardwescope/ sheath or oge rading carsila (las of cach porul s scosed only cnce for cach Rosuen nusmcsl Le,

uwp o awtd
7.1

of 3 for aghwacope + 2 pauk)

el thsne

of btact cup
& Fallure o oot ain contal of &

o emor)

hd ewon

iy htrument

9. Guikde & not lacated i the Indedor wgon of the werdn forior quadran of the glonodd for the mont bnde sor wnchar
10. Brary of the completad tun nd Bo outilide i sone of 0 (o 3 mum from the bowry enold rim (sen@ine] erron)

11 Shallow

- des of astcul

e 1 emon)

d

12 Fallure (o sudea bn secure seaing of the drill #"-‘M‘ anchor Betion
13, Breskage of e lngiam

14, laplen remuing visiliy poond (sextine] cmon)
15. Fullure 1o hies the anchor with dhe hieger buer Bne twhen praan) (o o beyond the laser Ine on the &rill guide
16, Anchor Lils o remun secuxly fixed within bane at he apgropdaie depdh
17. Caprulur penctudon b & or supesor W anchor hoke (scngine crrer)

18 Capoulur pe

5 not at or peripherdd (o e

19. knarusnent b dka g
20. Teadny of capruloldul Ssue

21. Uncosreciad cntangemeont of shusling device or suture

22 Off-loading of suture anchor
23, Breskage of atudng device
24. Fallure (o cxsie and suletan indertgivn o e cgaule o labrd thene an knot completon (sextind emon)
25, Vislic vaid b prosent between Swows of the compictad prisery knot (sengine] crar)
26. Cosnpletad knot abu s wdcule catige
27. Vislic vad b prosent between Grows of the comjpiictad hall-ache
23 Sugure brcakage
29. Guide s Indedor  the equaor of the glonodd for the @ird an chor positan

5

¥

NOTE. Mt cmors can be waocaiad witdh s lfgic pluacs and sicgs of e procadure.

approaxch  for  procedural spedalties, and he
explained the specific objectives of the camment Del-

phi meeting.
3. Dr. Angelo presented each procedural step amd

d the ixted

dc;lebped by the Metris Group for a reference
approaxch © anterior shoulder stbilzation for anh P

Table 5. Delphi Pand Metric Changes

glenohumeral instability. The comments and rec-
ommendations for each of the steps, with associated

vate, are presented in Table 6.

that have been

Discussion
The princpal findings of this study are that (1) an
Bankart p dure can be deconstrcted

Madifica gon
Deewd 2)

Addad (1)

Malificd (5)

Beuc

De Iberatan

Resolugon

Siould Telure of anchor purchuse
= onudn an cxon?
Alcrnaing posss for kot tyley

Coengplicte d knot poddion
Dingontic st g pambe or view (how
bey?)

Ade of 2

quecy L

e ——

Whether o ascrile “criged” ©
“Mcermon of besm®

Coanbder delieting the term “sliling*
fwoen oot

houl dagnoatic sicps be included in
the grocodure mctrics?

Cadavwedc bone varubiity wo gxa ©
oo accum iy

Arduroscope sews Dol
enough W soare xldly

My cune latogenic dusvuge I 0 abus
agtivule cotlye

Docs “Tookling” equd “ascertdning “?

Should demantrate e flort at cgauler
eobity

Lalrad vadudiliny wo great bn caduversy
can gl see volivn o “hoog”
i epity

Shidiny knot would be acceplable for 4
referane paxedux

My skew revds f dhere b exesive
Influcnce of dgnokc Lops In
procadure

Dekie crrar

Dekete errer

Add errorto cach of the 3 knoss ted

View sunt be held lony enough
determine pathology

Mut wle bntrumoed (gaper) ©
desnoentrae

Retaln asa senting emor

Retain the term “slding*

Inchid only Seps direcdy wlacd ©
lenadility wacenc
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Table 6. G R dasons, and Associxed Vote

1437

< R 0

Rogardng Provedurdd Sicgn and Mewrics

Voie on Sicpn and Mewris

L Portds (Kepn 1-7)
Agrecmcrt Gut i b an ouslde-in rek though wene
s gooes e an bnbde-out approach
lpotence o gre<unge sy sctup, Shough ascsment of Sis phuse woull be very Sifioult wlng
wrdwoscopic videolgpes

1. Diggncatic a2 hmacogy (sicps 8-12)
Cadficd metdc “view or pube,” nat “view and prode”

Discusbon about whedher we dhould Incdlude mctdes for view o prode of poderior labrus,
g dor brum, bregs, wnd rougor cull
ka—rmuhmhuhkw duml and e
cxadon of 4 dugnod v wlmscgy cody hu:uhp' e el
ﬂd—lmmmud&-ahhnﬂg o ddep dusx)
DL Capri blaberd mobilivagon (stega 13-15)
Should a laceragion of the Libsum be definad as & “corigicd crae™?
Should the pre-cxit by S e quaity of the ks be waesed so Sut laceraton of poor tssue
does Dot qualily as & crigicd crme?
Counider aljuntme o of metric defintn © docrile gropiny o de o @
aderior bdedor genolusne sl lyanco
V. Glenodd neck poe puraion (sicps 16-17)
V. knergion of fisg anchor (dcps 18-21)
Fallure of anchor from bane should not
b combdexd a cdtical errar bova e loss of flvagion could be xlacd w bone quality
VL Suture s ge soced — fisg anchor (geps 2-23)
Thould we incdude wtfovd of brdken sturky dovice (geneuly dougs dis woull be quite ux,
nnnuucﬂ-atl?
e defin y of cgruibldad Sine cptur soems adogue
Vl.l(nuqtg—hndm(uqsu-ul
Counbder deleting the torm “slidng* from the knot descripdion
Add ermor of a knot complctad and bR an the wcular surlace
Need o dup “alicrnating poats” st e
VIL knerdon of second anchor faeps 27-30)
Fullure of wnchor froe bone should o be comiderad 4 cfticad ermr boos e b of fis on could
be whad w baone quaty
DX Suture s ge ot —seomd wnchor (Leps 30-32)
X. Knot tyleg ~scomd wnchor (2eps 33-35)
Coenbder deleting the torm “slidag* from the knot descripdion
Add crmor of a knot complctad and bR an the wcular surface
Prbudly need o duop “alicrnetng poats” mect e
X1 keme shom of ind wnchor (Leps 36-39)
Fulure of wchor fnenb shouid ot be d
e d w bone quality
XTI Sutu s v ruggcsnen 0 ind wnchor (ops 40-41)
XML Knex oylog—@ind wnchor ficgs 4244)
Counbder deleting the torm “slidng* from the knot descripdion
Add crmor of a knot complctad and bR an the wicular surlace
Need o dup “alicrnating poats” st e
XIV. Rl wacsmed hicp 45)

proach for parul pl

d a cdgicd e mror bocsne bos of fivagion coull be

Unaienonns of fissudve

U andenonn of fisvadve

U andenonn of fisvadve

Unaienonn of fisvudve
U andenonn of fisvadve

Unadenonn of fisvadve

U andenonn of fisvadve

U andenonn of fisvadve

U andenonn of fisvudve

Undenonn of fisvadve

Undenonn of fisvagve

Unaienonn of fisvadve

U andenonn of fisvadve

Unadenonn of fisvadve

in® the esental steps necessary fm' the dfel:uve
completion of the repair, (2) they lerrors rel

be able to demonstrate the ability to meet specific skills
benchmarks © progress in training. These benchmarks

to the procedure are able o be identified and charac-
terized, and (3) bar and cment wakdity for lhe
resulting step anxd emror ics can be obtai

through use of the modified Delphi Panel wechnique.
Traditomally, surgeons have been trained using the
*apprenticeship® model, which is related © “process” or
time, based (3 ertain vanety of romtions, exposure to

musthave specific. clear, objective, and hir standards of
performance. Validated metricc will be esential in
defining these standands. In addition, a5 the move to-
ward induding surgial skills credentialing and proce -
dural competency occurs for Boensing, the same
validated dards will be ded. The methodology
used in this stdy provides a framework for the devel -

mmbelsolspoﬁcanset.) A]'lradqmshthumrd pment of those ics and dards.
y-bas @, which & out- An arthroscopic Bankart repair (index procedure)
omnesbud.soonn‘ru‘ami lates that the trai was selected a5 the referenee surgical procedure ©
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stidy for several reasons. For the patient with unidi-
rectional anterior instability due primarily to a Bankant
lesion without a';niﬁam bane s, a suture anchor
repair with 3 i Bsa ly d method
used to cbtain a successful patient oukome.*'* In

R.I. ANGALOET AL

Behaviars that deviate from optimal performance (er-
rars) can be charaderiad, indwuding those of a *more
senous nature.* The isue of whether thase more serious
ermors shoukd be termed “critical ermors” or some alter-
native label was raised at the outset during the metric

addition, the essential ¢ of they jure are

definition process. It was agreed on by the Metrics Group

well outlined regardless of whether lhepauentn;i
in the lateral decubitus or beach-chair arientation

l" n

that use of the term “critical error” could imply that the
eva'n was He—d'n’atamgormﬂn have serious medi-

The sk amalysis stage of metric dewelog is
crudal b etrics are the funda l buikding
blocks of a good training program. Metris, thus, not
only define how the training shoukl be characterized
and the procedure performed by the trainee but also
must afford the opportunity for meaningful assess-
ment of the tninee’s performanca and progress. The
entie process of metric development shoukl be as
transparent oljective, anxd biguous as possibk
Metric definitions shoukl be characerizd in sich a
way that they are sufficently complete and detailed
for an individual—not asodated with the initial
development process—to use them to score perfor-
mance reliably. Metnic definitions should include
behavioral markers that indicate the beginning points
and exdpoints of the pedformance characteristics
(steps) to be asesed. These prameters will become
particularly important in the future as the procedural
metrics are used with higher fidelity simulators. The

iy 5  was elected, instead, to use the
tcrm *sentinel” (Table 1) © connote an error that shoukd
be carefully *watched for and to avoid.” Sentinel errors
inmwolve a serous deviation from optimal performance
during a procedure because they @n either jeopardize
the sxress/desired result of the procedure or aeate
iatrogenic insult to the patient’s tisues. A single specific
sentinel error may nat always kead to a poor outame but
shoukd stringently be avoided.” The underlying philoso-
phy of this appraach to ermors & that suboptimal out-
comes donat happen by axident but usually result from
the malescence of deviations from optimal procedure
performance.

The face and content validity of the metric-based
procedure characterization by subject specialists an
be verified using the modified Delphi Panel method-
ology rqaortd in this 8udy 'lhe mem (bvdnped
were inf by
guﬂcinu. cirncal expenence, and manubcturels

guidelin AhlxmghthesmgetmsmﬂleMdri:

detaiks of the ic definits will be y for
the simulator to be appropriately prog d to

provide the trainee with perdformance assessments and
accurate feedback.

Other apy hes to the t of surgical
performance use qualitatve descriptions of perfor-
mance and require the user to Ak items on a gradu-
ated Likert-type scale (Table 1), which xsaibes a
quantitative value to qualitative data to make them
amenable to statistical analysis. Likert scales (often with
a range from 1 to 5 or from 1 © 7) are typically comn-
strucied with responses (opinion) around a neutral
option (eg., “suture delivery was 1, awkward, .
effective, . .. 5, highly efident”) and were ongimally
designed © assess a ange of attitudes. Because of the
component of subjectivity, this method of attempting to
rate cbjective performana can render it difficult to
obtain acceptable lewels of merrater reliability
(>80%) in the swring of events. In contrast, the
apy h © the of performance in our
stidy uses pmcne definit of pedformance and
smply requires the reviewer to rqu whether the
spedfic event occurred or not. This binary approach to
the measurement of individual events has been shown
to fadlitate the relisble scoring of metric-based per-
formance units across awrietyoff\mctims during
skills training ™ " of individuals with different experi-

Group are very experk iin the perf: of the
Bankart procedure, the Delphi ]nnoas movided an
excellent method to ensure that the procedure char-
ackernmtion is appropriate, represents best practice,
and & aceptable to a bger group of expenenced
master and asodate master Bankant faculty. As
anticipated, many surgeons pointed out that they
might perform a specific step in a different mannerbut
that the qvpmachoulmdbyd:e Metris Group was
“not incorrect” or inad bers of the
pane made very helpful suggestions forimproving the
definitions.

Assuming that the Bankant metric dentiiatons and
definitions represent a real-workl surgial procedure,
thuc ]:l‘fmnoe chamacteristics should be able ©

i ced (skilled) surgeons and
munou that is, [rmndc omstrxct validity. Puture
studies regarding construct validity will seek to provide
information about which metrics best distinguish be-
tween experienced and noviee surgeon performance.
This information will fadlitate the establishment of a
benchmark to define the “profidency level” that
tainees shmﬂd acquire before progresing © in vivo
practice.*”

Limitations
A limitation of this study resides in the fact that

enae lcvds.ﬂ” This approach has also been sh to
be more reliable than Likert-sale smning. ™

every patential error, regandlkess of how rare the
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ocmence, might nat have been inchaded. The Delphi
Panel, however, confirmed that the emrors sed were
Mmlidywowradﬁaﬂlwuhm
Tepair. Ahln@wnmmcmmqbeldmdy
easy to agree on, it i somewhat more challenging to
decide which emors shoukd be designawed as
*sentinel,” without a specific weighting methodaogy.
Although the issue of using this designation hrevals
that @use trogenik damage is more ightf:

thecmncqno(ahowuthewmfwevms&a
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7. Gallagher AG. Metriohased stmulation training to profi-
dency In medical education: What it &5 and how 1 doit.
Ulger Med J 2012:81:107-113.

&. Burks RT, Presson AP, Weng H-Y. An analysis of technical
aspects of the arthroscopic Bankart procedure as per-
formed in the United States. Amhrsopy 201430
1246.1253.

9. Margan CD, Bodenstab AB. Arthrascopic Bankart suture
repatr: Technique and early resuls. Arraswpy 2010:26:
819.820.

10. Streubel PN, Krych Al Simone JP, et al Anterior
glenohumeral inswbility: A pathalogy-based surgical

might *“p ally kad to a subop e is o stategy. J Am Aaxd Orthop Surg 201422
more subject to the opinion of the Metrics Group and 283.294.
the Delphi Panel. 1. Seymour NE, Galhgher AG. Roman SA, et al. Analysis of

Furthermore, data are nat available to confirm that
the specific steps identified by the Metrics Group and
thebdphhnddrealyoonduﬂhamﬁ
il e
shwuer ms*ity 'l'herdou the metrks created
t!l‘lnm ptudommlyhud on the opinion of expe-
and i

An study
will be “whly "'the, dictive validity
for the Bankart metrics & auth In addition, the

g the Metrics Group and Delphi

PaulmdﬂmtAmsmpmhml
rﬁnvwasmyhmuwdmcwhtdﬂaem
etrics for an arth P kart repair.

Conclusions
This study rejects the null hypothess and @nfinms
ﬂuammdmawdmhmcwws
& abletop task d on of an arthroscopic
Bankart repair and create tnambiguous step and emror
ddnm (metrics) that acurately characieriz the

of the proced A:ﬂyssand
nwmbyahrppmdd P d arthr
were able to validate the B 3
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Appendix 6, (Chapter 4)

The Bankart Performance Metrics Combined Witha ®
Shoulder Model Simulator Create a Predse and
Accurate Training Tool for Measuring Surgeon Skill

Richard L. Angelo, M.D., Robert A. Pedowitz. M.D., Ph.D., Richard K. N. Ryu, M.D,
and Anthony G. Gallagher, Ph.D., D.Sc.

Purpose: To determine if a dry shoulder model simulatar coupled with previously validated performance metrics for an
arthroscopic Bankart repair (ABR) would be 2 valid 10l with the ahility © discriminate between the performance of
e:xpenenceduldnowe; B andm “‘amﬁau\cyhendmrkformulkmngamddmulaa
Methods: We pared an d group of arth (A Assodation of North
Amenca beulty) (n = lznmhammgoup(n -7) w:dun year4 ar Sonhq»uicrcndmb All surgeans were
instructed to perform a diagnostic arthroscopy and a 3 suture anchar Hanhn rqurona dryshandcr mndel. Each
proaedure was videotaped in its entirety and scored in blinded fashion 1 dendyby 2 d re vi g used
previously validated metrics for an ABR and included steps, errars, and “sentinel* (mare serious) errars. Results The
inter-rater reliability among pairs of raters averaged (L.93. The experienced group made 6 3% fewer errars, mmmitted 79%
fewer sentinel errors, and perfarmed the procedure in 42% less time than the novice group (all significant differences).
The greatest difference in errars between the groups invalved anchar preparation and insersion, suture delivery and
management, and knot tying. Conchusions: 'I'he unl mmprised byvahdaedm metrics mupled with 3 dry shoulder

model smulatar is able to accurately di

the perk ofe:penenadand noviee orthapaedic sur-
geons. Apdamnﬂbut)mkhsedonumm Tk %

!m}nkmhnrqmr.mngnomm than 4 total errars and | senunelenu' Qinical Rel.

lummclu&scmq’letmofa
Thec

of performance metrics and an arth shoulder model 51 can be used to improve the effects of surgical
*ﬂsumbrmkklﬂnmﬂhdnbgymdmymexa plate for “hased p dural skills training in
general.

ome authors fram professional bodies and health
care training organizatons around the workl
argue that the surgical trainee shoukl acquire basic
procedural skills outside of the surgical theater before
operating on real patients.” Purthermaore, evidence
now ckardy indicates that when pedormed to a

From ProOrthy Clini: (RLA.), KiskLoed, Waskington: Profesor Fvwrites,
meqa[&&m(l‘)). los Amgdes, Grlifomsia; The Ryx Rurvity
Orhopadic Cliic (RENR) Savta Barbasm, Calformia USA; and
ASSERT, Usiversity College Gk (AG.G ), Cork, Ineland.

The asthors spoe the folbwing potenbal confiia of interet or oura of
fumding: RIA. radves sipport from DePuy Mick RENR. sarives sippost
from MedBidg and Misck

Rearived Jamuary 24, 2014; axeptad April 15, 2015.

Adiws avswpondona o Richird L. Amgeb, M.D, ProOgho Clivi,
12910 12k Aw NE S¢ B2, Frkand WA 58072, USA Feail
rhondorith@amantnet
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quantitatively defined level, skils practiced and ac-
quired outsile the operating room are superior to
skills acquired in a traditional apprentiaeship manner
primarily in the operating room.*” Satava® first
introduced the wnaept of simulation-based training
in the eardy 19905 with quantitative evidence
from prospective, randomized, double-blinded dinical
stixlies showing that smulbton-based training & a
powerful tool for the aquisition of surgical skills.”®
The simulator can be either a ]l»hyscal maodel or
computergenerated video images” © because bothare
equally effective if used as part of a “metric-based
training curpculum.”’’ Table 1 shows a glssary of
terms used throughout this article.

An implicit asumption in a s “based training
prxess is the use of alidated metrics that appropriaely
characierize the procedure to be trained. Previously,
Angelo et al.” reported on the develoy of a tod
defining “perdformance metrics” ("steps” and “ermors”® as
defined in Table 1) for a standarnd “reference appraach®
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Table 1. Ghssary
De findgion
Comtroct validicy A type of evidence Sul supgorss Sul specific ol Benn ondly the quality, iy, or wall Sy wes
desgned © memure
Cougers validiny Anestmuae joplnion) by e xpe s of the validity of a teting buwad ona deuled
of e comenss of the 1ot Ko
De findgion A definiie, Sigineg, and dear ojecthe ch dirg an and relabie ke naficagon

Dasngge 1 non-arget thaoe
Delghi Panel (malificd)

Ewmor

Face vauliy

o whether an evers wis or wis ot cbsered @ have occurred

L mgeric danmage 1o Sianes not tended w be addresad in dhe sgedific siep fe, wdcule sy
T

A e Ty developed i 4 % &
medhal ulrhm&*hnd-pnddap‘,h&ewn aya‘nm-rq‘nw
wote In 2 o more rounds (cyda) on the approgridoncs of the metde-banod oge raional de finddons
o detaliad aspecs of pracedure perforsen ce with the goul of achieving commen sn—voding & not

ATy T

Ad T

An etimue (opinion) by cxperts who review the comtent of an mscsment o (ool (o see T Rsecnn
mndrhnuslhmaqli PuUSOrS W memure

Trger-muer relubiiny ‘I‘hemld Z-Bten-u of a sevies of dacrved everss; K ranges
0, noag and L0, conng ¥
Metde A dast of d_ wad for obi evali w0 ke
= or W track ge

Metsdc-bused waning A pacedy s_mﬂng wram bused on dewr, pedfic, detaiad definitons of the steps to be
M‘-dmnﬂd

Pedormance metric The Sunures & by e il o agh & o agaent greset nown Sandasls
dm-qdw

Procedure phise Amcuﬁdmﬂy:ﬁdmsanmutmwmdam*

Proficiency/groficie st Awmdmmku”aqﬂmumhu]amnnﬁw
uaﬁah—dnml

Reference pracedure A wh o dus; an ggead picd appranch o e perk ofan
wmm- under ided drammune

Sengine] ermr An et or foy 4 sedoun & framn opdend ped during a i
hlﬂamm&mm&dmdhm&:au)mhmml
w0 the pubond’s Sssncs

Sep A componcsst Uk, ficsedesagegie of which the connp of a pedific p di

Task deomgaxtion To break down 4 procedure o Lk, siegn, Or cougp

to performing an arth ic Bankart repair. 7 This Methods

mol was dcnved from a arehi 'ta'k chomsmmml No institutional review board (IRB) approval was

(Table 1) using videos of ph o btained for this study investigating the validity of the

performed with pments in either the hte!i decubits  Bankart metrics coupled with the model simulator. IRB

or beach<hair on The metrics were con-  approval was sought for the final Copernicus Stidy

structed so that they muld be scored in an dential
manner with the patient in either orentation. “Pace
validity” and “content validity” of the metrics were
verified using a “modified Delphi Panel” methodology
(Table 1).

The purpose of this study was © determine if a dry
shoukler maodel simul upled with previously
validated perdformance metrics for an arthrosampic
Bmhn repair woukl be avlidunlvmhtheahitym

e the perd

and novice surgeons. We also sought to esﬂsh a
“proficiency” (Table 1) benchmark for the arthrasapic
Bankant procedure using the model smulator. The
null hypothesis was that when using a shoulder
maodel simulatwor, the Bankant metrics would fail ©
discriminate between experienaed and novice surgeon
performance.

proper, which will compare 3 different training pro-
tocols. The Westemn IRB (Nao. 1-776362- 1) opined that,
as an educational curriculum stidy, this investigation
was exempt from the need for full IRB approval [based
on the criteria of 45 CFR 46. IOI(b’(ln The final study

paring the 3 traini i d with
the National Imututesol Halth (C bmulTruhgov No.
NCT01921621).

Study Groups
Two groups were

d in their pedormance of
an arthroscopic Bankart p d on a should:

madel simulator. The exp d group swed of
all Bculty members who served as either a master
or associate master instructor for a standard 3-day
Arthroscopy Association of North Ameria (AANA)
Resident Course omducted at the Ornhopedic
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Learning Center (Rosemont, IL). The novice group
was limited to postgraduate year (PGY) 4 and PGY 5
orthopaedic residents who had registered for a Resi-

dent Course and who vol d to participate in the
investigation.
Arthroscopic Bankart Repair Metrics

Metrcs have been previowsly defined for a standard
reference arthroswpic Bankan repair.’” Porty-five

essential steps in 13 “phases” (I‘ahlc 1) (Roman nu-
merals) were defined with beginning paints and end-
points (Table 2). Twenty-nine potential unique emrors
were specified (Table 3), 8 of which were designated s
“sentinel” (Table 1). The more seriows (sentinel) errors
were defined as those expected to ether (1) substan-
tially compramise the oukome of the shoukler stabili-
uum (eg. “@psular penetration of the suture passing
is suy toth: ‘hor hole,” resulting in
failure to adhi T 3 of the capsule and
inferior dcnohun!li ipmcrlts)m (2) potentially lexd
to iat d. to the shoulder (eg. “aceration
Mthemuuldrmn ). Some of the same emors coukl
be enacted more than once during different phases of
the procedure. Thus a total of 77 patential errors, 20 of
which were sentinel errors, were specified for the
it d In addition, events that led © kss
quamd “damage to non-target tisue” (DNTT)
(Table 1) were reconded & a standand emor (eg.,
scuffing of the anticular cartilage) . A perfedt smore woukd
indicate that all 45 steps were completed atsfactorily
without committing any ermors.

Dry Shoulder Model Simulator

The shoukler simulator used is a physical maodel
composed of a demse faam plastic endaskeleton
including a humerus, sapula, genoid, om:cxld.

acromial spine, amnd acromi with prop

to the n kel (Sawbones; Pacific
Resun;h Labaratories, Vashon, WA) (Rg 1). The
articulating surfaces of the humens and g id are

1641

superior labrum, out of the shoukler joint, into the
bicipital groove of the humens. The capsule & repli-
cated by a pliable, rubberized material mntaining the
glenohumeral jaint ad has a mokled imprint of the
inferior gkenohumenal ligaments on the anticular sur-
face. A separate band represents the superior border of
the subscapularis terddon. Holes ring 8 mm in
diameter are created in the capsule during molding
and emable cannulas for the posterior, mid-anterior,
and anterosuperior portals to pass through the rela-
tively tough capsular material. Beige<olored soft,
maoderately dense foam represents the skin and soft
tissues exterior to the glenohumenal joint and pos-
sesses a contour and bulk that mimic the shape of the
human shoukler. The acromion, ac ial spine, and
coramid landmarks are readily palpable through the
“soft tissues” and assist in kcating proper pontal
plaement

Arthroscopic Bankart Repair

During a single weekend AANA resident arthroswpy
course, the surgeons from both groups were instrucied
to establsh portals (poswerior, anterosuperor, amxd
mid-anterior), @mplte a thorough diagnostic
arthroscopy, and pedorm a 3-anchor arthrascopic
Bankart repair on the simulator model. Purthermaore,
they were instnxcted to demonstrate /complete all of
the steps for the Bankart repair that they would nor-
mally perfform in dinical pradtice on areal patient. The
maodel was secured in either the Literal decubitus
or beach<chair orentation according to  surgeon
preference. Equipment representatives from multiple
different vendors served s surgial asistants and were
randomly assigned to participant surgeons. The assis-
tants were instructed to act anly at the specific direc-
tion of the operating surgeon. Prompting and coaching
(of technique) were prohibited (the procedures were
proctored by staff from the Onhopedic Leaming
Center). A standand equipment tower with a 30°

laminated with a softer, white hyctdcs'gned to mimic
articular cartilage. A Hill-Sachs kesion measuring 1 am
by 3.5 cm isoriented vertically on the posterior aspect
of the humeral hexd amd is represented by a red
impaction trough. A rim of off-white, rubber-like
materal encircles and lightly adheres to the glenoid
neck, simulating the bbrum. Red staining in the re-
gion where the bibrum & joined to the antervinferior
glenmd represents the Bankart kesion. The adhesive

of the 1ab requires the operabor to
intentionally “liberate” the bbrum from the glenoid to
demonstrate mobilization of the capsulaabral tissues.
A more medial and superficial pink layer of soft foam
represents the subscapulans muscle. A tubular strand
of rubber simulates the long head of the biceps tendon
amd courses from its anstomic attachment to the

arth along with all instruments necesary to
complete an arthroscopic Bankart repair, was provided
(Table 4).

The d the i rexd ls based on the

]uMIe‘bcmy Iuﬂma’bd!hcshmﬂdau:dthm
d © plete the di i arthroscopy and
Bankantqur A cmummmvdcommrdm was made
beginning with the finst arthroscopic view of the joint
from the posterior portal and ending with the with-
drawal of the arthr pe after the surgeon’s exami-
nation of the completed repair with a hook probe. No
time Emit was imposed on the performance of the
proxedure on the smulator model.

Video Reviewer Training
Once the construction of the metrics for an arnthro-
scopic Bankart repair was completed and fce and
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Table 2. Thirteen Phases of Bankant Procedure (in Roman N k) and Brief S y of 45 Sweps of Procedure

1. Pauk
1. Pesterior portal ctabilshed
2 View posterior humerd head and cxient of the HE-Sacts when peesert
3. kmmdoce midange for splnal needic e diniely superior 1 the subscgpulafs and drect & wward the anterodnderior glonodd and Lbmm
4 Basabilsh o carslas Sutabuts e supesor bosder of the sulscapuinrs now the hesl sulscipu s bnegon
5. Demorst mie botnmend acces 10 the anterolnderior gon dd)/Ldrum
&hm-mqﬂnc&-&w-lwdtemuhw-dkalu—u&uah;km“
7. Bssabilsh an 5 copix sheah, or wwiading sk
1L A nadliny
katn-plahplﬂ
& View or pmbe the supedor brad amachunc s ongo the genoid
9. th,ﬂe-ﬂnhuﬂndlhnuual
10. Pude ikart padhology incloding den fscture, ardicular defot
Vltwia—nwpnl
1. qupﬂtlh-mmd&-mh&hgmdbmu
12 View or grode the in dhr ¥ v oo the aerior humerd neck
TIL Copsubolabun] mobli M &
13 Mt&mluetmlkgmlmdnlm'--p
14, View the subuca pulars muc ke superficd 1 the mobilzed
15, With an bntrame g, gringp and pedorm an inferior 10 supesor shilt of the cgauloldbal Ssaue (00 show werlon & regorad)
16, Obaain a sew of e wnerior gondd neck
17. Mechurically dbrade the genoid neck
TV. Inderior anchor prepura Sonfeme shon
18 Scatthe guide Sor the mod bnderior anchar hole & the bndedor region of the angerolnde dor quadrant
19. Dril anchor hole odiique W the glonodd ardcular fuce
20. knes ancher
21. Tt the anchar secu ity by pulling on the suture s
V. Sumu e delivery munagcme ot
22 Puss a carn uliged suture hook or sugure etriever hmough the capoulnr Sssoe —inderior o the anchor
23, Pass anchor st use Bed @uroungh the caprular Seoe and deliver out the anedor carmula
VL Kot tyleg
24 Delver an aghmacopic diding knot
25. Back up with 3 or 4 hatl-haches
26 Cutsumue wil
VIL Second anchor grepu s Son e rian
:ﬂs::uk&l’ﬂ:humdamupahu&hnﬁa-n‘h&hulkqun-d&m
23 Drill anchor hole odiique w the glonodd ardcular face
29. kme s suture anchor
30. Tt anchor security by pulling on the suture tals
VI Sugure & Bve vy )/ s age s o
31 Pass a cnn ulige d suture hook or suture etriever haough the capou i Sssoe bndedor o the sture anchor
32 Puss anchor st ue Bed duwoungh the capnular Ssoe and deliver ot the anesor carmula
1X Kot tyleg
33 Delver an aghmacopic diding knot
34 Back up with 3 or 4 hadl-Misches
35 Culsumure wis
X. Third anchor prepa s Sonfiese ghon
36, Seatthe drill guide Sor the dird anchor & o supedor W the equasor
37. Dl anchor hole odiique W the glonodd ardoular fuce
38 knes suture anchor
39. Teut anchor security by pulling on sture wils
X1 Sutue delivery i nagem et
40. Puss & cnn e d suture hook or suture woriever though the cagaulir & or inferior 1o the suture anchar
41. Piss anchor stuse Bed Gwrough the caprular Ssoe and deliver out the ane sor cannula
XIL Koot syl
42 Delver an aghmacopic diding knot
43 Back up with 3 or 4 hall-biaches
44 Cutsumue s
XT. Paxcedux review
45. View andor pubde find completad reguir
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Table 3. 5u yof 29 i ¥

Procedure Mewic Errars

Falux w malntain btre-arSoular polion of the poate sor cun nula
Falux o mabogabn bgra-ardoular poltion of the mid o merior cun ula

Falux o o bogaln bgra-ardoular podtion of the anterouupe for cun nula

hqehht@hh&rdh“pﬁh&“mhdlk-&am&ml

Dasngge w0 the anterior border of &

ofthe

et 1

plnucas & dng creas

Lons of bt s o boular md-ﬁw“ @ operaing carsula (los daa pottd b wored cndy once for cach Rosan numerd, Lo,

up 04 wed o 3 for wdwescgpe + 2 porul)
L adon of egact capruolibrad Ssoe i ermr)
Falusx o mabogain control of & working ngroament fuendind ermr)

Guide & not locad bn the bnferior wghon of the aterolnferior quadras of the genodd for the moat bnde for anchor
Engry of the completed tunnd Bes outsdde smle sone of 00 3 s fram the bonry gendd rim (sextind emor)

Shullow unde g and dek of dar caila

wdne] errer)

hhxbmmhmrﬁ;dh“;u&mww

Brakage of e bplarg
Teogplarg = onues visbly poond (setind emor)

Falux w et the anchar with e e rier Luer Ine (when gresent)  or beyond the liser Ine on the &4l guide
Anchor [alls w0 remaln securely fied within bone & the pproprice depdh

Cagriular penctraton h-a*huamh& mhde-)
Coagrlar p B notatorp w e

Treot sumncxst breakage

Teariey o cgpaulolidbal Ssoe

Ve arrecied ensenglome g of & usling device or sugure
Of-badiyg of sutue anchor

Braakage of sutu dng device

Falux w create and suoaln indergubon of the cagaudie or ibal Ssue on na complegon (senting emor)
Visibie wid & poesent between @uows of the completed polnary knot fenting crmr)

Comnplesed lonot abuts ardcouler catige
Viible wid b peesert between Guwows of the completed hall-hache
Sutue brodage

Guide & Inferior o the equaor of the giondd (for the dird and fial ancher)

NOTE Mewric errans can be associatad with muligic pluses and siegn of S pacedux (77 wod crmrs).

content validity were verified,” a final version of a score
sheet was formatted. Ten AANA master/ asociate mas-
ter faculty surgeons (none belonging 1 the experienced
group from this stixdy) formed the panel of reviewers
designated © swore the videos. This groupinchaded the 3

galr s were ammpared and
dnassed. ecking formity in ing. Bach of the

3 i pairs of revi ako partid jinlto 3
addmmd phone conferences to amalyze the spedfic
mvrlnd:dtlofthunu:mudpxrtcm

manbcu (kLA. RKNR., RAP,) who developed the

Bankart metric definitions (Table 1) in
cnn]unam with a consultant experimental psycholo-
gist (A.G.G.). The 10 reviewers were assigned by the
Ammm&axndmmmldiﬁudpn.wlxh

T ugh the ng of all videos.
Assignments were made based on slniar time mnes of
the reviewers’ resid /practice. Reviewer training was

initiawed with an 8-hour in-person meeting during
which time each metric was studied in detail. Multiple
video examples of lve patient cases were shown ©
ilh each particular ic Videos of the patients in
both the bieral decubitus and beadh -chair onentations
were represented. Discussion helped to clarify how each
step and error were to be scaored, inchadi

events differently. Suls L all T s soored
puuioevﬂunBaﬂl,aM&cmaﬂsmmuhﬂw
(each mtient orientation was again represented). The
scores for each of the 5 designated pairs of reviewers
were compared for the second set of pracice videas. In
only 1 of 10 comparisons (2 videos x 5 reviewer pairs)
did the inter-rater reliability (TRR) (Table 1) @kulafon
(= desaibed later) fall below an acceptable level of
0.8," with an TRR value of 0.76.

Video Scoring

The AANA research I randomly assigned

uchofd-ewﬁ:ll—lexph!ndymofcxpatnwd

and novice surgeons perk g an pic Bank-
dure on the shoulder smulator model to a

g the
and conventions to be used. Several weeks ater, full-
length practice videos 1 and 2 (one each in the Lateral
decubitus and beach- chair arientation ) were sent to and
independently scored by each of the 10 levnewels and

art p

anﬂc mir of reviewers. Other than the research coor-

dinator and the study consu tant, all reviewers remained

blinded to the source of all videos. Bach of the 19 videas

v-ueimkpcndaﬂlyrcviewedndmedbyﬁ-ez
mbers of an ass ir of reviewers. All scores

"

hour group phone conferences, the differences and

the sres were then tabulated. During 2 2-

ml&thedfmexhdll phases of the procedure
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Fig 1. Dry shoulder smulior model used in smdy (left shoulder). (A) Anserior view of shoulder smulator arlented in beach-
chatr p (B} An op and perk ng arthroscopic surgery on the simulior model oriented in the Lteral
decubimus positson. (C, D) Arthn wview from uperior parial. (C) Pl of the inderior-mast anchar and sumres
has been completed. The second anchor has been inseried, and the sutures have been retrieved out of the posterior cannula. A
camnulaed siture hook (SH) enters through the midanterior porial and & passed through the capsule and bbrum (L) inferior 0
theexitof the siture anchaor hale; 3 monofilbment shutde suture & then delivered. (A1, anchar position 1; A2, anchar posision 2;
b, Bankart lesion; G, glenodd: HH, humeral head) (D) A hook probe & used to examine the completed repair (with the third
anchar justout of view beneath the hook probe); the capsule (c) has been retensioned and the hbrum secured 1 the glenotd rim.

(G. glenosd: HH, humeral head: R1, repair posison 1; R2, repair position 2.)

(Tables 5 and 6). Bach step and eror metric was scored
as either yes or no, designating whether the specific
event was or was nat olserved to have occurred by the
reviewer. In addition © sooring steps and erors, each
event characterizd as DNTT was saored. There was no

Table 4. Arthroscopic Instruments Used 1 Perform Bankarnt
Procedure on Cadaveric Shoulder

5.5- and &5-sum obturalor canmlas
Swinching sscks
Houk prode
Regular and looged graspens
Liberaor/devanr
Shuver
Drill g e Al
Pushi-bn anchor kudad wigh sbagle sutu e
Maller
Can g od sugure hook
Penctmnor
Monofilene 1l sutu e
Koot pusher
clisors

Emit to the number of individual instances DNTT coukl
be scored, with each ocaumene simply tallied x5 a single
emmar event. The score sheet also @ntained a box for
specific reviewer comments for each metric. The 2 in-
diviczal scores from a pair of reviewers were averaged
to obtain the overall score for each siep enor, or DNTT
event. In addition, the sare agreement or diagreement
between the specific ir of reviewers was tabulated for
eaxch individual event (step, errors, and DNIT events)
andd used to calculate TRR correlations (as described in
the “Statistical Methods® section). The total time in mi-
nutes was documented for each video, beginning with
the fist view of the arthrosmpe from the posterior

partal and ending with withdrawal of the arthroscope
after examination of the ammpleted repair.

Performance Benchmark

Prior research has used the metricbased mean per-
formance of a group of apmawe:tm expert operators
to cbjectively define “proficency.”” " " Before initi-
ating this study, the 4 primary investigators specified
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Table 5. Continued
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that any participant from the experenced group who
was performing more than 2 SDs better or worse than
the group as a whole woukl be deemed an “outlier” and
not representative of the experienced group. If any sudh
perdformance by a participant in this groupoccurred, the
participant’s scores woukd be removed from the analysis
50 & nat to skew the establishment of the referencee
benchmark.

Statistical Methods
For each of the 13 separate phases of the procedure,
the bers of * pleted stes” (steps that were

not performed) and “errors made” were tabulsted and
the sares for the 2 reviewens averaged (Tables 5 and 6).
These data were used to determine which of the pro-
cedural phases showed the greatest differenaes in per-
formance when paring the exp ed and novice
surgeons (1-Baor amalysis of varance) (IBM SPSS

wstical sof € JXOgr IBM, Armonk NY).
FPurthermare, for the entire procedure, the wotal
numbers of steps “completed,” emors made, and
senfinel errars enacked were abo averaged amd
tabulated for the pair of reviewers.

The 2 raw score sheets were compared for each of the
individual steps (45 steps in tatal) andd the number of
“agreements” tabulated (either both reviewers docu-
mented that a step was performed or both scored the
step as not being completed). In addition, the number
of “disagreements” in scoring stejs was tabulated (one
of the reviewers indicated that the swep had been
completed andd the other sored that the step had not
been completexd). The IRR for the steps was akulaed

acording to the following Number of
agreements/Number of agr + Number of
diagreements.

In a smilar manner, there was either agreement or
dimgreement in the 2 soores for each of the patential
errors (77 errors intotal). The IRR for error scoring was
cakulated in the same manner as that for the steps.
Finally, the IRR for ing the metrics for the plete
procedure was akulated using both the step and error
agreements/disagreements for the entire procedure
(122 in tatal). An acceptable IRR & equal to or greater
than 0.80."*

Results
Participants

The entire group of 12 master and associate master
instrctors serving as faculty for an AANA Resident
Course chose to manicpate and comprised the expe-
rienced group. The faculty, all fellowship trained in
arthroscopy or sports medicine, averaged over 17
years in clinical practice, with each having routine
experience in arthroscopic shoukler techniques. All
faculty members have been recognized nationally by
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AANA for their tlent and ability to teach and
communicate shoulder arthroscopy skills to trainees.
The novice group was made up of 7 vwolunteers (from a
tatal of 46 orthopaedic residents registered for a week-
mdmm)w}mdeaedmlwhquteml}n study and

erfi an arth T kart repair on a shoukler
maicl simulator.

IRR Assessments

The TRR akulatins across each of the asessments
were strong. The mean IRR for the paired scoring of all
19 videos was 0.92 (range, 0.84 to 0.98) for procedural
steps and 0.94 (range, 0.84 to 0.99) for errors (inchxdes
DNTT events). The mean IRR for the total of seps and
errors was 093 (range, 0.85 t0 0.97). In no instance did
any of the 3 IRR akulations for the 19 swmred videos fall
below 0.80.

Oufier Experienced Surgeon Performance

Before amalysis of the data, score profiles of partic-
pants in the experienaed group were examined for
atypical performance. One subject in the experienced
group was found to have enacted 3 sentinel errors in
comparison with 3 mean experienaed-group sentinel
error rate equal to 0.71 (SD, 0.98). The mean and
standard deviation were used to convent the data to Z
scores, with a mean of 0 and an SD of 1. The outlier
subject’s Z score for sentinel errors was 2.31 (>2 SDs
from the mean of the ex;znenoed gmup. P= .01)
When this subject’s score i 1 from the
error data, the new mean equak 0.5 (SD, 0.71).
Figure 2 shows that the exchusion of this 1 experienced
surgeon had litfle impact on the overall experienced-
group scares. In sulsequent statisical amalysis, all of
this outlier’s data were excluded.

Overall Performance Comparisons

On average, the experienaed surgeons completed
more steps than participants in the novice group (39.54 v
37.36), but this difference was not statistically significant
(Fig 2A). The ex]:nenued group took significandy less
time toperform the p on the shoulder modelin
camparison with the novice surgeons (39 minutkes v 66
minutes, P < 001) (Fg 2B). The experienced surgeons
ako made significantly fewer errors than the novice
surgeons (3.23 v 8,64, P = 001) (Fig 2C) and signifi-
cantly fewer sentinel emrors (0.5 v 236, P < 001)
(Fig 2D). Overall, experienced arthroscopists made 63 %
fewer emrars, made 79% fewer sentinel emors, and
performed the proedure in 42% less time than novice
surgeons. The procedural phases thn exhibited the
greatest differencaes in perk n the grouy
included hor preparation and inserti sutwe de-
livery and management, and knot tying. The expen-
enced group also performed better than the novices on
the phases of portal pl t arthroscopic instability
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asesment anxi capsulolabral mobilization /glenoid
preparation, but the differences were not significant.

Anchor Preparation and Insertion Steps

Figure 3A shows the mean number of steps nat
completed by bothgroups during the anchor preparation/
insertion phase of the procedure. Few steps were mat
completed or were amitted by either group. Experienaxd
surgeons performed better on anchor 1, but surgeons in
the novice group perdformed marginally better on anchors
2 and 3. These diffe rences were not staistially significant.

Anchor Preparation and Insertion Errors

Figure 3B shows the mean (anxd standard deviation)
number of errors made by the experienad groupand the
novice group during the anchor preparation and inser-
tion phase of the procedure. Aaass all 3 anchars, the
experienced group mxde fewer errors than the novices
and show ed more consistent perfformance as indiaedby

m} Expenenced surgeons n Expenienced surgeons - 1

the smaller standard deviation smres. Experenced
arthrascopists made signi ficantly fewer ermors than nov-
ices on the preparation and insertion of anchor 1 (032 v
1.364 P = 02). Although expe rienaed surgeons ako made
considerably fewer errors than novices on the prepara-
tionand insertion of anchor 3, this did not reach statistical
significance (0.14 v 0.86, P = .07).

Suture Delivery and Management Steps

The number of uncompleted steps during suture de-
livery and management for anchors 1, 2, and 3 was
few, and there were almost no differences between the
groups (Fig 3C).

Suture Delivery and Management Erors

Fgure 3D shows the mean (ad stardlard deviation)
number of errors made by experienced and novie sur-
geons on the suturing skeps of the procedure. The number
of erors mxde by experienced arthrosapists was small
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05 08
Andh | Anch 2 Azch ) Anch | Anch 2 Anch 3
Kot Tylag Stepa Koot Iylag Ervees
aaguoss all 3 anchors and sh dsut ial = yx  knottyingforanchars 1, 2, and 3 was olserved forboth
indicated by the small standarnd deviation scores. In addi-  groups (Fig 3E) and the small differences that did exist
tion, their perk b d slight impe across  were not statistiaally significant.

the anchors. In mntrast, the novices showed conside rable
perdformane varability and pedformanc deterioration
agoss the 3 anchors. Only the differences in suture man-
agement and defivery on anchar 3, however, were found
to be staistially significant (0.14 v 1.1, P = 001).

Knot-Tying Steps
Similar to the results for the sutunng steps, only a
small ber of pleted or omitted steps during

Knot-Tying Errors

The exper d group ly made fewer
errors during the knat-tying phase of the model
procedure (Fig 3F). They perf d best on anchor 3
x indicated by their mean sore and very small
standard deviation. The novice group made, on
average, kess than 1 emor per anchor. A significant
difference between the groups was,  howewer,
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Sun of (ucompleted)
Anchior Prep Tusestion sieps

Suss of Aschax
Preplmsention ersen

Fig4. Mean and standard dewi-

ation daa for novies and g

experienced surgeons across 6 S Swn of (wncompleted)
groups of metrics: anchor prep- £ Sumure Del Mamogenient steps
an p) and g Sun of Susare
steps and errors (phases 1V, VI,

and X); sunwe delvery (Del) % DelMumapesnest esvoes
knottying steps and errors i
b Vi IX, and X11. Suen of Koot Tyig enon

=7 none

observed for knot-tying errors on anchor 3 (009 v
0.64, P = 014).

Performance Summary Assessments

The performances of both groups across the 6 mea-
sures presented in Figure 3 were summed to give an
indicator of each group’s overall performance on the
3-anchor repair. These data are presented in Fgure 4.
Although the experienced group completed more of
the procedure steps than the novice group for the an-
chor preparation and inserfion, suture management,
and knmm ]iusu, none of lh:! differences in
steps ¥ were stcally significant. In
contrast, all of the eror varables did show large and
statistically significant differences between the groups.
The experenced group made signifiantly fewer (ie.,
70%) anchor preparation and inserion and suture
management errors (0.86 v 2.9, P = 012). The expe-
rieneed group ako nudc 74% fewer suture deivery

and errors in with the novice
group; this difference was found to be statistically sig-
nificant (0.6 v 2.5, P = 041). The smallkst difference
between the ermor performances of the 2 groups was in
the knot-tying phase. The experienced group still made
57% fewer knat-tying errors than the novice group;
this difference was also found to be statistially signifi-
cant (0.73v 1.7, P = .023).

Procedure Review

Both groups pleted the final e ton of the
repair, and there were no errors committed during this
phase of the procedure by ether group.

Proficiency Benchmark
The experienaed group had a mean total error rate of
3.23. A surgeon coukl not make a portion of an errar,
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p=08M . Novice surgeons

. Experienced surgeons

0 1 2 3 4 s 6

Meea muntsr

so for practical purposes, the ermor benchmark was
rounded to the next greater whole number, 4. The
experienced group also created a mean number of 0.5
sentinel errors (SD, 0.71), rounded to 1. Thus the
overall benchmark & set at completing a 3-anchor
Bankart repair with no maore than 4 total errors and
no more than 1 sentinel error.

Discussion
The mest important findings of this stdy inchxde
werifiation that the ant pic Bankan i
coupled with a shoukler model simul are able to

accurakely dicriminate between the perdformance of
cxpcrialod and noviee arthopedic surgeons and show
wnstruct validity” (Table 1). Inaddiion, a pefformanc
henchmaﬂ: was able tobe established based on the mean
e of the experienced group and included
ctmplum of a 3-anchor Bankart repair, enading no
more than 4 wtal ermors and 1 sentinel eror.

Bankart Metrics

The primary intent of the study was to determine
whether construat validity coukl be demonstrated for
the previously established arthr pic Bankart A
coupled with the use of a shoulder mode ] smulator. P«t
omstruct validity © be d d the bi
of ABR metrics and simulator toals must be able to
disciminate b the perf of experienced
and novie surgeons. 1hc differences between the 2
groups were significant, and those that best distin.
guished between experienced and noviae surgeons in
the perfo of an arthrascopic Bankart p |
included (1) the erors d in the perk of
the procedure, (2) the number of sentinel errors made,
and (3) the ime it wok to perform the procedure.
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Inlllssmdy. mmwmeswetea very powerful and
the groups, with the
novices making maore than twice as many emmors as the
expenenced group with a difference in the standand
deviation swres of a similar magnitude. The goal of
surgical education shoukl be to help trainees perform
well with a5 few errors a5 possible. The tainee, how-
ever, should be afforded the opportunity to create er-
rors in :n mumuqxenml manner (eg. ona simulstor
ith rhidity) arxd keam fram
them. Effective pmgnsm in training should be
demonstrable with a conmmitant redudion in emors.
For the individual trainee, the identification of specific
ermors fadlitawes a oased corection of deficences.
Performance errors can ako be wed a a powerful
metric toal to shape and configure the related educa-
tiomal curriculums and to establish benchmarks that
trainees must meet anxd demonstrae before progress-
ing."""?" Lastly, defined ermors @n serve © guide the
development of simulators, that is, nat only what they
shoukl emulate but alo what they shoukl measure.
Wihm surgical and procedural disdplines, there &
un that centain types of technique
emmmsoqmandmesuchadveﬂmuherdz
supess of the procedure or patient safety that they shoukd
comstitute their own performance category. We have
elecied to term these more serious deviations from
imal perfi “sentinel errors.” Similar designa-
mhwmbemfmdymademmhamthu
have objectively d perio
and evahsated the -vaidtyd ific metrics.”
m””‘l’hcweofsuchaqredmmdamﬁmm
coukl have profound tm]ilanmn for “high-stakes” as-
(ie., d ining whethera trainee is allowed
to progress in the specific e du ationa lre sid gram )

R. L. ANGELO ET AL

with the span of appropriate semsory responses to
physical actions that are behaviorally consistent with
what would be experienced in the real situation,
including the opportunity to enact both appropriate
actions (steps) and imappropriste actions (emrors). The
simulator shoukl ako afford the opportunity to execute
the procedure in the same onder and with the same
tools and devices with which the procedure woukl
normally be perf d.”" The simul maode] used in
this stidly was sufficdendy realistic to provide the
leamer the opportunity to perform each of the 45 stegs
in arealistic fashion using the sme tooks, implants, and
techniques used for an anterior stabilization in a real
patient.

'lhesmndwqudlhssudywsmesnusha
chmark for the P t
memmupldmha“ kler model simulator. The
definition of *profidency,” in distindion © qualitatively
descnbed mmpacncy nbudmolgecnvelydcﬁned
Pro rogr

trarlrg requires the wushmcm ofa benchmark that
trainees must reach to be able to progress. We sought to
establish an objective, reliable, transparent amnd fair
puioﬂnmba:}mnkfmmnamnalkntmpn
on the shoulder model s B the bench-
mark was © be established tased on the mean perfor-
mance of the group of experienced surgeans, it was
important that the perf of the members be
representative of that group. On the basis of a pre-stidy
stipulation, the scores of 1 member of the experienced
group were removed from the amalysis because the
performance was 2.3 SDs worse than that of this par-
icipant’s peers. This policy was established s0 as not to

altdpﬂ»ﬁuawhscdwnmwﬂdwsbkmm
Although the ber of sk ¢ leted did not

dshtcush Izmun the groups in this study, it &

skew the creation of the reference benchmark and was
shown to hawve little impact on the overall scores of the
experienced group.

An IRR equal to or greater than 0.80 & @nsidered

noneth ¥ tto inch "‘dofthcemlsq!s

in a mnm ]rqr:m The p be 7
orming all of the

mcstpmhmtm" *2' The fact that this

performance unit i being asesed ako increases the
probatility that the steps will be kearned.” However, the
proper steps and sequencaes shoukl be commumnicated
andkmdousdcdﬁushlkmmwr such s
inanonline ey b its indusion &
sensible rather than essential. A thorough diagnaostic

able.™** The very high IRR for the scores from
mwpmhﬁeemmdmmmﬂ)s
reflective of the darity and p of the arth St
Bankart metrks drafted, a5 well a5 the thorough
num-gofd!wmwmﬂ:“tymmdw
steps and errors = 3 ial in ob

in ining a
relisble measure of the surpnn 's performance and skill
level for a particular procedure.

evaluation of mthology potentially related to shoukier  Limitations
instability is necesary for the comprehensive and A lmitation of this study & that there was o
appropriate treatment of the ble shoukler and, om ion that the participants identified as !

thus, its inchzsion in the steps of the procedure.

Simulator Model
Gallagher and O'Sullivan ™' have proposed that © be
effective, asimulation model should provide the keamer

asodate matr surgeons and representative of the

ymp, d a q)eclﬁedlcvd of expernt
*ilm-- g an arth Bankart procedure.
Nevertheless, the ullmdlulsmym's 50 klentified have
been recognized by the AANA as skilled and effective
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educators either from lecture ;rentmm vrlh video
exhinumﬁed—‘--" arth pic techniq or
from their pe in an ant

setting in which they demonstrated the alityto each
each of the key P of a Bankant p
Therefore this group was defined a5 “expen d"
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neck,” and step 16, “obtain a view of the anterior gle-
nokl neck®). The challenge in mmpleting these steps
relates more to the position of the arthroscope (poste-
nror v antercsuperior portal) than to the tient orien-
uxm. Although we believe that the bateral decubitus

rather than “expent.” Similarly, ather than dentifica-
tion of the year in training no information was ob-
tained to determine the extent of the novice group's
(resident) experience with arthroscopic shoukler sur-
gery, that &, the number of arthroscopy/sports medi -

ion makes same skeps exsier to perdform (e.g.
Wtum‘o{ﬂudﬂlgudcmﬂlemvrl
i lative to the bony im, as well s
wcm:psqedhcmdwudmw
capsulalabral tisue mfermtotllancl’nfa:l.m
inh bixs is introduced in g the i for

cne rotations ptzvnmsly pleted or the ber of
shoukder arth C P d in which the partia-
pant served a5 an asistant surgeon. Bven with those
pieces of nformation, it woukl not be possible to gain
any reliable measure of an individual resident’s level of
fint-hand  “experience” or skill with anthrasaopic
shoulder surgery. Purth the structure ofres-
dency ratations and lzvdd' ! !

d erf ‘mheﬂnpatmmmnxm.
Gldtl.ssof!hcthhfmm!}lssmé{ the null
s is Tek The ker model used
cw;ied vnthpltvmuiy validated arthroscopic Bankart
metrics, is able to acurately distinguish between
apenenced and novice operators. Construct validity &
d for the simul maxdel led with

T ek

vary a great deal B ,y- ® Asa result,
the residents’ knowkxdge and skill sets are unlikely ©
be uniform but the PGY 4and 5 Ievdspmv:dea gnenl

¢ oftheir traini
designation “novice.”

The numbers of surgeons in both groups were small,
but one of the suuvhs of the detaild metric-tased

e & hod that we used is
llt sensitivity to detect differences when in fact they
exist. We obtained 123 data points (metrics) inchxding
the duraton of the procedure in minutes for each
swred video. Thus small numbers of subjects can still
produce statistically powerful differences, assuming
that performance has been reliably measured. An a
priori power amalysis was not peformed because we
found no previous stidies of arthrascopic should,
repair that used a similar detailed hod
ology. This is the first study of its kind in this feld, and
our results will afford other researchers the opportunity
to develop their sample sizes baxsed on the reported
mean and standard deviation scores. The anly pub-
lished scientific reports we muld draw on were similar
types of studies published in the bparoscopic surgical
literature. Those reports coukd only give an indication of
the possible sample sizes required.

Although not specifically a imitation of the study or
design, the option to use either the lateral decubitus or
beach-chair position coukd potentially introduce some
varisbility. Both patient positions are in @mmmon use
among practicing surgeons. The metrics were carefully
cmxsrwdto Bdlitate unbixed scoring for the model

L /patient in either o with no penalty.
Several tmtnu require that the arthrasaope be placed
in the anterosupenior portal to adequately complete the
skep; bowever, this & true for both arientations (e.g.,
skep 12, “view or probe the inserfon of the anterior
glknochumeral Egaments onto the anterior humeral

g exp with

t perfor

Conclusions

The tool comprising valdated arthroscopic Bankart
repair metrics coupled with a dry shoulder model
smiaorn able to accurately distinguish between the
P per d and novice orthopaedic
SUTZEOTS. Aperimnm benchmark based on the

ienced group induwd letion of a 3-anch
Baﬁquwncmmmt}mdmlm
and 1 sentinel error.
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Appendix 7 (Chapter 5)

The Bankart Performance Metrics Combined Witha ®
Cadaveric Shoulder Create a Precise and Accurate
Assessment Tool for Measuring Surgeon Skill

Richard L. Angelo, M.D., Richard K. N. Ryu, M.D., Robert A. Pedowitz, M.D., Ph.D.,
and Anthony G. Gallagher, Ph.D., D.Sc.

Purpose: To determine if previously validated performance metncs for an arthroscopic Bankart repair (ABI!) mwhd
with 2 cadavenic shoulder are 2 valid assessment tool with the ability 0 discriminate b the p
expenienced and noviee surgeons and 1 establish 2 proficiency benchmark for an ABR wsing 2 cuhvenrdmuld:r
Mecthods: Ten masterfassociate master faculty from an Arthroscopy Association of Narth America Resident Course
(expenienced group) were compared with 12 pastgraduate year 4 and postgraduate year 5 orthopaedic residents (novice
group). Each group was mstructed to perform 2 arthroscapy and 2 3 suture anchor Bankart repair on 2
@daveric shoulder. The procedure was videotaped in its entirety and tly scared in blinded fashion by 2 pair of
trained reviewers. Scaring was based an defined and previously validated metrics for an ABR and included steps, errars,
*sentinel” (mare senious) ermn,amdmne. Results: The mter-rater reliability was 0.92. Novice surgeons made 50% mare
errars (586 v2.95, P = .013), sh d mare perfo e varibility (SD, 1.86 v 0.55), and took longer to perform the
dure (45.5 v 259 rcmlynmmsdﬂmmmutdnednmmddmymd
muugemem (exdusive of knot tymng) (1.95 v 0.45, P - .024). Conclusions: ﬂewmtmdmlqlmaddwh&ted
arthroscopic Banka rt metrks amupled with 2 adavenc shoulder ac ly distinguishes the perk of exp
ﬁommmmhque&raumkbm:hnatbuedmiumm,’ nce of the d group
indudes completion of 2 3-anchaor Bankart repair, and enacting no more than 3 ol errars and 1 sentinel errar. Clinical
Relevance: Vahdated procedural metrics combined with the use of 2 adaveric shoulder can be used 10 assess the

performance of an ABR. The methodalogy used may serve as 2 template foro based p dural skills g In
general
he traditional manner in which surgical 3 comse qu i are grad g from residency

have acquired their operative skills i un:hr
@nsiderable presure. Conaems dxmtpauem safety,'”

Jresures on operating room  efficency,’ and the
reduced availability of work hours'” have resulted in

fewer opportunities for in vivo operative experience. As
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;vmgrm v-th mnsiderably less qiaauve experienc
and almost certainly less technical skill than residents
gndu;ﬁghthepswlmmmdmywa
surgial valumes. Por example, Bell et al.“ found that of
the 121 surgical procedures that genual SuTgeTy TS
dency program direciors believed houkd be
competent in by the umeoignd:axm.only 18 of
them had been performed with sufficent frequency by
residents for them to acquire mmpekene during ther
training. They also found that the mode frequency with
which the 121 procedures were performed was 0. The
implications of these ﬁndirg for surgial training are
consilerable and mncerning. Ata mare pradial Icvd.
it means that surgical skills training must be optimi
and preparation for a surgial pncuce maximized.
Traditionally, surgial resilents have been trained
using the “apprenticeship” model, dependent in part on
exposure to surgical cases, variable graduated partici-
pation in surgery, and time spent on specific clinical
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Table 1. Glosary
- Defintion
Comneroct valldey A type of evidence Sut sugports Sut specic o oo ently dhe quality, Dlity, or it ey wex
dedgnal © memus
Comse st valldty Anctlmue (ogindon) by cxprssof the valldt y of 4 sting bused om 4 desaled o

Duemugge to non ey et Sene
Definddon

Deiphi Fund (modiad)

the comtents of dhe ot o

Letroge nic dusnage to Sanc not Btondad © be aldewad bn the spocific step o g, ardiouler caordlge
darmugyc)

A de findec, disincy, and o oy roviding en acourse and = labic idot 6 cion o
whether an cvent was o wis mot obieved % have occured

A ruactued oo ks Son technigue odglndly developedas a sy
0 cthod thut relies om ghe oplnion of 4 pund ofcpen; h-ﬂdlnelpltmq-:hcne
in 1¢-=tere-h ndalu- .up'a'ﬂaaid.e mctde-bused gpemton d definidons of

detdiad ap with dhe goud of achicving comenuse— voding ks not
Amoary o

Beror A deviution fram pdeal porfrmne

Fuce validiey An cfiutc (opinion) by cxpems who review fhe comtont of an ascsmnont o ool o see M i secms
apgropdate and wicvant o the amcopt i purparss 0o mesus

lee sz tey rellubiliey The cxont of agrecment betworn 2 mters an dhe oxu sonce of 4 wedes of dhacrved cvenss; B reges
b 0, mo ag and 10, comples ay

Metde A durd of o g wed for dbjective evalustions 0 mulke

or 8 track perio
Opcrationd defi nidon t-—dlo&h-uﬂkamht—dampud-&hu)uukdb

Fedamme motdc

ol &
‘ch-udus-hhg.:nn-;lh-—d-’vn-t

accuracy and complcte nos

S of

d g dent prowct k

Procadure pluse Amu:hd“r‘yxﬂndﬂuu-“lhwhadhdv‘o‘u#z§—kq

Proficiency fprofice m A,:ﬂ:hddph-mtub'-q-‘hmqbaht|amtnnuw
teut or odher form of mscenc

Rofciancy beal progoden A traning progren the diceases Sut skl pers e & 4, 0 4 prd d be ncenark
level, by the tradnce before ady o more y ch

Scatine] crme Mnﬂumnhﬂ“nmkﬂhﬂ!_qﬂ during 4 pracdus that
e‘ﬂ|I)k*h&wh&dtﬂd~muMacul-**ub.e
pationt’s Samcs

SRep Am..t&“med““a&aﬁ:hd‘#mk

Tk andyds An ol how a 0 ik
-—Imhal.h-hqlﬁ.tth‘nqi*-qu-lan*ﬁ'a-iqaﬁﬂ—*
and diging uhldng Waas

Tusk decmneracton T bresk down a procodus lnto comituon t tsks, €0ps, OF comgune nt

rotions. At the outset, we sought to determine if a
‘proficency-based progression® (PBP) method was
potentially a more effetive manner in which to train
surgical skilks than the apprenticeship maodel (Table |
inchxles 2 glossary of terms used throughout the
article). A PBP training program dictates that sidll per-
kmnmmamadaemmedbenchlmﬂ: level, be

d by the trai before ad ng to mare
mmplex techmiques. Thlsmethodtcisma PrE-

*deconstruction” (Table 1) using videos of compler
Bankart procedures perfformed with patients in either
the bteral decubitus or beach-chair onentation. The

ted in such 3 manner that they
coukd bescm:d inanidentialmanner with the patient
in ether onentation. “Pace validity” and “mntent val-
idity” of the metrics were verified using 2 maodified
Del;ﬂn?uﬂma}mddqy (T;blc I).TheDclphPand
was dof 27 h

hensive and quantitative characie rization of the skilks to
be kamed. These perdormane charaderstics, or
*metrics,” and their “operational definitions” (rather
than descriptions ) (Table 1) offer very spedfic goals and
guidelines as part of the taining cumia:hum. Previ-
ously, we reported on the t‘kvdqunem of *peror-
manae metrks” (“seps” md “erars”)’ (’I‘;hlc 1) for a

dard refi i g an arthro-
Those nu:na were
*ask  amalysis®  and

scopic Bmhn lqmr (ABR).*
derived from a2 careful

ists who hawve all u\dasmﬂaﬂawumm
faculty for Arthroscopy Association of North Ameria
(AANA) shoulder at the Onthopedic Learning
Center (Rosemont, IL). The Delphi Panel obtained
excellent mnsensus on the metrichesed charackeriza-
tion of the Bankart procedure.

In a sulsequent report, we verified “construct val-
idity” (the ability to dicriminate between the perfor-
mance of experienced and noviee groups of surgeons)
(Table 1) for the use of the ABR metrics with a shoukder
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model simulator as 3 training wol.”’ In the present
stidy we evaluate the construct validity of these exact
=me metrks on a much higher-fidelity platiorm, the
human cadaveric shoukler. At present an ABR in 2
@daveri shoulder provides the cosest approximation
© 2 smilarsurgial repairin a ve patient. Pull-physics,
high-fidelity virtual reality simulators with haptic
feedback are likely © play 2 greater role in the future
bt are expensive © develop and not cumently avail-
able. Even with such simulors, validated metrics will
be needed to sub their effect

The punuse of this study was to determine if previ-
ously wlidated perdormane metrics for an ABR

upled with a cadavernic shouklder are 2 valid asess-
ment tool with the ability to discrimi E the

1657

ABR Metrrics

Metrics have been previously defined for 2 standard
reference ABR.” Forty-five essential steps in 13 “pro-
cedural phases® (Iable 1) (in Roman numerals) were
defined with beginning paints and endpaints (Table 2).
Twenty-nine potential unique emrars were specified
(Table 3), 8 of which were designated a5 “sentinel”
(Table 1). The more serious (sentinel) errors were
defined a5 those expected to either (1) substantially
compramise the outcaome of the shoulder stabilization
(eg. "capsular penetration of the suture passing in-
stument & supenor to the anchor hole” resulting in
failure © achieve retention of the capsule and inferior
glendlumznl Hgar ) or (2) 7 lly kad to

perdarmances of expenened and novice surgeons. We
ako sought to establish a “profidency” (Table 1)
benchmark for this procedure using the cadavernc
shoukder. The mull hypothesis was that when using a
adaveric shoukder, the Bankart metrics would fad ©
disciminate between experienced arnd noviae surgeon
perdormance.

Methods

No institutional review board (IRB) approval was
abtained for this study investigating the walidity of the
Bankan metrics coupled with the cadaveric shoulder.
IRB approval was sought for the final Coperniazs Study
moper, which will mmpare 3 different training pro-
ook evaluating surgical simlation and proficency-
based training methods. The Western IRB  (No.
1-776362-1) opined that, a5 an educational curriculum
stidy, this study was exempt from the need for full IRB
approval [hased on the criteria of 45 CPR 46.101 (b)(1)).
The final study comparing the 3 taining pratools was
registered with the National Institutes of Health
(CliniaITriak. gov No. NCTO1921621).

Study Groups
Two groups were compared in ther performance of
an arthrascopic Bankarnt procedure on a cadavenc
shoukler. The experienced group mnsisted of a1l eulty
members who served as master or asodate master
instructors for astandard 3-day AANA Resident Course
ducted at the Onthopedic [ ing Center. “Expe-
nened” meant that they perdformed the proadure
mnsistently in practice and taught the prindples at the
Orthopedic Leaming Center during shoulder courses.
An "expert” would not be possible to define without the
sutgeon meeting objective performance aiteria (met-
rics) that achieved a spedfic benchmark (that some
group or body dewermined meant “expent” peror-
manc ). The novice group was imied to postgraduate
year (PGY) 4 and PGY 5 orthopeedic residents who had
registered for 2 Resident Course and who voluntee red
© participate in the investigation.

e m the shoulder (¢ 3., hceuunn of
thnntxtldmrm ). Some of the ame errors coukd be
enxcted more than once during separate but similar
phases of the procedure (e.g., suture delivery and
management for each of 3 anchors). Thus a wtal of 77
potential errors, 20 of which were sentinel errors, were
specified for the @mplete procedure. In addition,
events that led to kess consequential *damage © non-
target tissues® (DNTT) (Table 1) were simply recorded
as standard errors (e.g. scuffing of the articzlar arti-
lage). A perfect saore woukd indicate that all 45 steps
were completed satisfacorily without committing any
emors.

There are many ways © perform 2 Banlant proce-
dure, but the task deconstruction was designed for 2
‘reference” procedure (2 routine Bankart repair),
breaking it down into essential components. Each of the
metrics was specifielly crfted © acmommodae
different methads that can be used to accomplish the
sepm—forexample, suture p @ukd be perd d
with 2 number of different instruments and techniques,
but to plish re-ensioning of the capsulolbral
tissue, the apsule must be purchased inferior to the
anchor siee (one of the metrics). The modified Delphi
Panel procedure used to obtin bar and conent val-
idity asks the following question of each panel member:
*Is this metric (step or emmor) ameptable as written?,”
that &, *It & not iskorrect” (although a partiadlar panel
member might perform the step in a different manner).
The 45 steps and 77 ermors were drafied, revised, and
stress tested by the core group of primary investigators
(RLA, RKN.R, RAP, AG.G) and then submitted
to the Delphi Panel for comment, modification, and
revision. The panel then abtained @mnsensus for all of
the 122 metrics, which were found © be ameptable in
their final form.

Cadaveric Shouder Study Specimens

Preshdromn adavernc specmens with a complete
shoukler gindle from the sapul and assodated soft
tissues to the mid humeres were used. After appro-
priate thawing, the scapula was mounted with a clamp
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Table 2. Thineen Phases of Bankan Procedure (in Roman Ny k) and Bried y of 45 Steps of Pocedure

L Porul
L Poterier postal cbithal
2 View postedor husncrad head and cxient of dhe HillSacks when praent
1 ket odiuce mid-ante dor splnad neadlc ke da sy ap 0 the sub u d diirect It toward dhe ante solnde dor glenodd and bsum
(&‘H-dﬁ“&*hh&d&ﬂqﬁhmr&huﬂﬂuﬁﬁw
S Demnon vt e bmtrument accoss 80 the an terdind erior e ndd)/ Lo
‘I“nm#ln&-&-p*aﬂ-ﬁd‘:uuhal-ﬂkahwﬂ‘:-aﬁ*uﬂ

pic shoeth, o awlching ssck

View from poste dor pored
& View o probe the supedor lval s chenct oot the gondd
9. View o probe ardoular sufuce of dhe rosstar cul!

10 Pabe amcrotdorin ylomoad Banikart put by bcludiny riom bactur, ertoude ddect
View froen sme ravuperior postad
11, View or pabe the sbdyul of the amterios- lnderior glenoh 1Y

LS
2

! c;kuhmd

Lhe

12 View or pmbe the bmcrdion of the amerior glenobies
lcﬂﬁﬂhh*nﬁmh
13, Hevate the capdobda] ssne fnen the glonodd nock and wrdculer sungn
M Vew e abscepulerts sncle superficid to the sbile d cgaule
15, Wigh an b gmsp and perfosn an Infedor oo st of e cpauldalrad thaue (o show tambm b rasral)
1. Obedn a view of the wterior genold nack
17, Mechum kally alrade the gonold nock
V. Inferior anchor propa s fon lmerdon
15 Scatdhe guide for dhe moat bndedor anchor hole at the lnfe dor xgion of the amcrol ferior quadvent
9. Delll amchor hae olilque to the ghonold wrdiculer face
20. emert anchor
21 Test the anchor socu sty by pulllng an the antue uls
V. Suture delive vy v nugg conc ot
2 Pas a canendat o suture hook or suture worever Soongh the capauler Siane i forior 0 the anchor
1. Pus anchor suture B duough the capraler Ssc and deliver out the amicdor cemulb
VL Kot eyl
4. Deliver an wrdwacogic diding knot
25 Back wp with 3 or 4 hull-Machs
2. Cunt susure talls
VI Secomd anchor poc pu s Sonfmcrdon
27 Scat dhe ddll gubde for dhe seomnd anchor supedor o the fing anchor and lndedor o the oquanr
28 Dril anchor hae oliique to the gonobd ardculer face
25 kmert suture anchor
0. Tt anchor socu dty by pulllng on the atuse uls
VIIL Susure delivery s age mucnt.
3. Pass & canenlit o suture hook or suture worever Suangh the cpauler Siane bndedor o the it ancher
1 Pass anchor suture Benb dorough the capialer Ssne and deliver ot the anie dor cemulb
I Koot tyly
13 Deliver an wrduacogic diding knot
34 Back up with 3 or 4 huf-aches
35. Cust susture talls
X Third anchor por pu s Sonfencrion
3. Scatthe ddll gulde for the diad anchor & or superior ©o dhe oquator
7. Dl anchor hae obilque to the gonold wrdculer face
3. et suture wnchor
. Test anchor socu dty by pulllng an wtue ull
N Sutue delive vy s geenc ot
4. Pais 2 canmlit o suture hook or suture werever Sragh dhe cpauler Soe # or derior ©o dhe suture anchor
4. Pas sanchor suture Beed duough the capraler Siane and deliver ot the e dor cemu
M. Kene tyleyg
4. Deliver an wrduwacogic diding knot
43 Back wp with 3 or 4 hudf-haches
44 Cut sumure talls
L Pocodure review

45 View andiar probe find commplosed =gl
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Table 3. Summary of 29 Different Bankan Procedure Mewic Errars

Fullus 00 o bt sl bntra-ardicular poddion of the posterior canmda

Fullus 5o ot an bntra-ardculer poddon of the mid- e for cemul
Fulluse 5o et ain bntra-ardculer poddion of the ante mauge dor cemu b

Dusnugge to the superior boaler of &M“,ﬁu-ﬂdknﬁ-uﬁnl

Duesrugge to the wmedor border of dhe

Loas of letra-ardoule
’b-laddihm«& 2 parak)

Lacerae lntact capadolbrad thane (sontine] crmr)

Fulluse 80 s bt ain comtrol of 4 wosklng bnramcnt (enting crar)

during pl o the crivr posal
d-ﬁuapnk‘aqalqa-dlhudadmlhmdd'mlcadh-l—d.k

Gulde |5 mot hacatad In the I ferior region of the wme minde for guidsint of the glenold Sor he most bnde dor anchor
hydkmﬂud-slheﬂk-kmeb!—b-n:hq’mum fpendind cmor)

Shadlow und ny and dek of =

d cmor)

hhb--‘“tqdkn'&h-ﬁnm

Breakage of dhe bnplunt
el rt yemvua b visdlily pooad (seming crmr)

Fulluse o bmert the anchor witgh the bmcrter e line fwhon proicnt) © or beyond the Laer line on the drill guide
Anchor falls to = oudn socurdly fixad within bone at the sppropriec depdh

motator e

Caprulir ponetration bs = anqahb--hbt qzﬁdem
Ca

P - L,

Uncerrected cntanglem cnt of dvt ding device or suture
of st anchor
Hraalage of suturing device

Fullue o croste and mudntbn indonts fon of the capaule or kbal Ssne on knot compledon ficnting cror)
Visdlic vold & provent betworn Srows of the commgicsod prima sy knot (sontine] crar)

Coenplcted lenot abuss wrdculer cardlgge
Visdlic wold & provent betworn Srows of the comgicse hadl-hitche
Sutux b akaye

Gulde I hferior 0o the cquasor of the gondd (Sor the thisd and find anchon

“ROTE Metic cmom can be amocwiol with Sleple s and sicps of S paoce dare (77 Sa] crony-

in the subject surgean’s omientation of preference
(el decubitzs v beach chair). The adaveric sped-
mens were omsidered acceptable if (1) arthrasaopic
visibility of the target tisues was obtainable: (2) the
specimen (flexibility) permitied adequate acess to the
trget tisues and (3) the i y of the apsulolbral
tisues was suffident to permit mobilization, suture
&ivuy and knot tying. One of 3 designated AANA
h instructors (the surgeon
mbusdﬂtmwhoau:dhrﬂm:m
Bankarnt metrics; RLA., RKN.R, RAP.) determined
the acaptability of the cadaveric specimens.

coxching (of technique) were prohibited (the pro-
cedures were roctared by staff from the Onthopedic
Leaming Center). A standard equipment tower with a
30° arthroscope was movided along with all in-
struments necessary to complete an ABR (Table 4).
The subject surgeon identi fied bony bndmarks witha
marking pen. esulinhtd thur duwd pmuk and
performed 2 & The
wadlenmﬂ:dnvmfnnnd:eﬂmﬂcktmatd
the 3 Master surgeons who evaluated the cadaver
ameptability according to the criteria noted earber, then

Table 4. Arthroscopic Instruments Used 1o Pedorm Bankan

“Dm..ueaq’silﬂe B: '__L"“‘ AANA N . Pmcedure on Cadaveric Shoulder
mdﬂmhmb«hmmeim ;:,:‘:m-‘"

blish portaks ior, ante cand mids geok prete
amemr). omqﬂac a tharough dmcrﬁquvy Reguler and looged grapers
and perform a 3-anchar ABR on the adaveric shoul- sl-:aﬂukk-h'
der. Purth they were instructed to d / M" -
@mplete all of the steps for the Bankart repoir that they g oy coa
wauld normally perform in clinical practice on a real o Joudad wih shglc sasure
mtient. Equipment representatives from mulSiple  Cumenboad susure hock
dlu'an vaidms su'wd a surpal assstntsand were  Pencermor

ly d to partic g surgeons. The as- ::""‘" -

shmumumdwadmlyatheqnaﬁcd- I'-h .
rection of the operating surge Prompting and
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reintroduced the arthroscope and created 2 standard-
izd Bankart kesion from the 2- to 6-0’dock posiion
and 6 to 9 mm deep (medial). While the kesion was
clearly delineated, the capsulalabral tissues were not
mobilized © any addiional extent. Befare the stidy,
we attermpted to use different techniques to create an
aneminferior capsular detachment from the glenoid
(Bankart lesion) in a cadaveric shoukler specimen (e,
2 bong-handled scalpel blade, a hook-tip cautery, and
mamzal dissection with an elevatbor). It was determined
that the most consistent kesion mukl be created usinga
liberatorielevatar along with 2 mallet © provide a
gentle, controlled impact force to the eevator to effec
tively “sculpt® the Bankart mthology. This method
optmizd preservation of the integrity of the capsu-
lalabral tissues for subsequent repair.

Omne the Bankart ksion was ammpleted, the arthro-
smpe was withdrawn and reintroduced by the subject
surgean, who operated for the duration of the proce-
dure. A i video ding was made, begin.
ning with the first arthroscopic view of the joint from
the pasternor partal and ending with the final exami-
nation of the completed proedure by the surgeon. In
caladlating the total operating time of the Bankart
repair procedure for the subject surgeon, the segment
of time required by the master faculty surgeon to create
the Bankant jethalogy was subtracied from the otal
absolute running tme. No time limit was imposed on
the perormance of the procedure in the cadaveric
spedmen.

s
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Video Reviewer Training

Once the construction of the metrics for an ABR was
completed and face and content validity verified,” a
final version of 2 score sheet was formated. Ten
AANA master/associate master faculty surgeons (none
belngng © the experienced group from this stidy)
formed the panel of reviewers designated to score the
videos. This group inchaded the 3 members (R.LA,
RKNR., R.AP) of the group wha in conjunction
with 2 consultant experimental psychologist (A.G.G.).
created the arthroscopic Bankant metric “definitions*
(Table 1). The 10 revi s were randomly assigned to
form 5 fixed pairs, which remained constant
throughout the scoring of all videos. Reviewer training
was initiaeed with an 8-hour in-person meeting, dur-
ing which time each metric was studied in detail
Muliple video pks of Hve pati @ses were
shown to illustra®e each panticular metric Videos of
the patients in both the bteral decubitus and beach-
chair ori X were Tep d. Discussion hel-
ped © danfy bow each sep and emror were © be
sared, including the and i © be
used. Several weeks biter, fulldength practice videos 1
and 2 (one each in the bteral decubitus and beach-
chair arientation) were sent to anxd independently
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n
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saored by each of the 10 reviewers, and the scores
were tabubed During 2 subsequent 2-hour group
phone conferences, the differences and discrepancies
among all reviewers were compared and discussed
seeking onformity in scoring. In additon, each
designated pair of reviewers conducted 1 © 3 addi-
tional phone conferenaes to analyze the specific in-
stances in which the 2 of them scored particular events
differently. Sulsequently, all reviewers samored pradia
videos 3 and 4, and the results were again tabulated
(each patient onientation was again represented). The
sores for each of the 5 designated mirs of reviewers
were ammpared for the second set of practice videos. In
only 1 of 10 comparsons (2 videas x 5 reviewer pairs)
did the nerrater relisbility (IRR) (Table 1) calazle-
tion (a5 described later) &1 below an acceptable level
of 0.8, with an IRR value of 0.76.

Video Scoring

The AANA research coordinator randomly assigned
each of the 22 fulllength study videas of the expen-
ened and novice surgeons performing an ABR on 2
cadaveric shoukder to a single pair of reviewers. Other
than the research coordina or and the study consultant,
the primary investigators and all video reviewers
remained blinded to the source of the video being
reviewed. Exch of the 22 videss was independently
reviewed and scored by the 2 members of an assigned
pairof reviewers. Each step and error metric was scored
as either yes or no, designating whether the spedfic
event was or was not olserved to have occurred by the
reviewer. In addition to scoring steps and erors, each
event characterized as DNTT was scored. There was no
limit to the number of individual instances DNTT could
be scored, with exch oaurmrence simply talbied as a
single error event. The score sheet also contained 2 box
for specific reviewer mmments for each metric. The 2
individzal scores from a pair of reviewers were aver-
aged © obtain the overall scare for each step, emor, or
DNTT event. Reviewer scares are sbulated in Table 5
(mxwice) and Table 6 | ced). The ber of
unmmpleted steps are listed for each phase rather than
completed steps because they provided 2 more mean-
ingful of perk e. BExch phase was
tabulated separately to dewrmine which phases best
discriminated between novice and experienad surgeon
performance. The toa]l ime in minutes tken by the
partidpent to perform the disgnastic and procedural
comy was doc d for each video, beginning

with the first view of the arthroscope fram the posterior

portal and ending with the withd 10f the arthro-
spe after ination of the completed review. The
time required by the desig d Bculty member to

create the Bankart kesion was subtracied from the total
running time of the video. The total number of steps,
ermmors andd sentinel emrors are bsted for the entire
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procedure. In additon, the score agreement or
disagreement between the spedfic pair of reviewers
was tabulated seperately for the steps, errors, and towal
of sieps and emrors, and were used to akulste IRR
@rmrelations (a5 described in the *Statistical Methods”
section).

Performance Benchmark

Prior research has used the mean perdormance
(metric based) of a2 group of expenienced or expert
operators to cbjectively define pmﬁoency B To
asess and ensure performance b

R L.ANGELOET AL

determine which of the pmcedunl jiunsshmmdthe
greatest differences in perk when )

the experienced and novice surgeons (1-facior analyw
of varance) (IBM SPSS statstial software programg
IBM, Ammonk, NY). Purthermare, for the entire pro-
cedure, the otal numbers of sieps comyp d, errors
made, and sentinel errors enacted were ako averaged
for the pair of reviewers.

The 2 raw score sheets were compared for each of the
indiviczal steps (45 steps in total) and the number of
“agreements” tabulated (cither both reviewers docu-
d that a step was performed or both scored the

the group of experienced swgumsiwwlishnemd
an accurate benchmark, their perdformances were
@nverted © Z sores. The standand score (more
mmmonly referred to a5 2 *Z saore’) is 2 very useful
statistic because it (1) creates the ability © calculate the
probebility of 2 smre occurring within 2 normal dis-
tribution and (2) enables one to compare more pre-
dsely the scores from 2 individuals on 2 standarndized
scale. It & then ssible to objectively and trans-
marently determine whether and precisely bow much 2
given subject’s score i above or below the mean of
their peers. In the pre-stixly design phase of the proj-
ect, 2 stpulstion was made by the primary in-
vestigatars to remove the data from amalysis for an
experienced surgeon performing more than 2 SDs
from the mean of the experienaed group for any of the
4 asesments: skeps, ermors, sentinel errors, and tme.
Any such performance by a participant in the experi-
enced group woukl be deemed an “ouflier,” and the
scores woukl be removed from the analysisso asnat to
skew the establshment of the referena benchmark.
This stipulation applied to both the previously reported
shoulder model construct vabidity study' ' and the
@daveric construct validity study presented in this
Teport.

Incompiete Repairs

& was prospectively determined that if 2 surgeon did
not substantially complete the 3-anchor Bankarnt
repair, his or her partial sores woukl be removed
from the analysis. This policy was established because
if only a partion of a procedure was performed, it
waoukl not have been possible to acairately estimate or
extrapolate how many emors, sentinel emmors, or in-
stances of DNTT the surgeon may have enacted had he
ar she completed the entire procedure. Furthermore,
no estimate of towal time for the proedure woukd be
sensible.

Statistical Methods

For each of the 13 separate phases of the procedure,
the numbers of “uncompleted steps” and “errors made”
were tbulated and the soores for the 2 reviewers
averaged (Tables 5 and 6). These data were used to

stpasmnhunganmktd’ In addition, the number
of “disagr ents” in g steps was tabulated (one
Mdlercvmumdntcdthﬂﬂlestphadbem
completed and ather scored that the step had not been
completed). The IRR for the s was cakulbed ac

cording to the following formula: Number of agree-
ments/Number of a3 + Numb, of
disagreements.

In a similar manner, there was either agreement or
disagreement in the 2 saores for each of the patential
erors (77 ermors in tatal). The IRR for emror scoring
was cakulated in the same manner as that for the
steps. Fimally, the IRR for scoring the entire procedure
was calazlated using both the step and ermor agree-
ments /disagreements for the entire procedure (12 in
total). An awepable IRR & equal to or greater
than 0.80."

Results

Participants

Two groups were mmpared in ther performance of
an ABR on a cadaveric shoukler. The entire group of
master and associate master instructors, serving as bo
ulty for an AANA Resident Course, chose to partidpate
and comprised the expen —=yrmp(nal())'l‘he
faculty, all felowshi ined in arth PY OT spnts
medicine, mdma l6ymmc§mnlpﬂcmc.
with each having routine experience in performing
arthroscopic shoukder techniques. All faculty members
have been recognized nationally by the AANA for their
talent and ahility to teach and communicate shoukler
arthroscopy skills © trainees. The novice group (n =
12) omprised 11 PGY 5 and 1 PGY 4 onhomedic
resident volunteers (from 2 otal of 44 onthomedic
residents registered for the weekend course) who
elected to paridpete in the stidy and perform an ABR
on 2 cxbvernc shoulder. These wlunteers had previ-
ously registered for an AANA Resident Course with no
prior knowledge of the Bankant remair assesment
protocol. Other than their year in training no infor-
mation regarding their arthroscopic expenenc or sur-
gical skill was obtained.
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Cadaveric Specimens
Omne specime nfor eachof the study groups was rejeced
and replaced. One specimen for the novice group was
lnxe vnh very nmcmml'am tisues, s\bsomaly
cting the and g theuse
dlmtruma\ts ciﬁcuh.(hesmmmhmﬁcemeﬂ
enced group was arthritic which mited the ability ©
distract the humeral head from the glenoid; thus visual-
zatin and the use of instruments from the senor
portal were unacaptably restricied. Each of these 2
spedmens was replaced by an aeptable fresh cadaveric
shoulder.

IRR Assessments

The IRR cakulaions aaass exch of the assessments
were strong. Twenty-one videos coukl be scored
mmpletely. One novice completed only a single-anchor
repair during the entie duration of the procedure,
which 3 ete data. The mean IRR for the
meired scoring of the 21 videos for procedural steps was
0.91 (range, 0.82 to 1.00), and the mean IRR for emrors
inchuding DNTT events was (.93 (range, 0.77 to 1.00
[the value 0.77 for the emor IRR calazdation for 1 video
was the single instance that 1l below (.80 among the
63 TRR cakulations]). The mean IRR for the total of
steps arxd errors was 0.93 (range, 0.81 to 0.98).

Outlier Performance

One subject completed only 13 of 45 steps
and a2 l-anchor repair before failing to progres and
eleciwely terminating the procedure. During that
time, 4.5 errorsand 1 sentinel emmor were created (the
average of the pair of designated reviewers). Inclhusion
of the data for the relatively small number of emors
enacted during the partial repair would bias and un-
derstate the average number of errors for the novice
group. As 2 result, all swres for this outher were
removed. The number of steps coukd theoretically
have been used because this number accurakely re-
flected the number of steps that were actually
mmpleted, but we elected to use none of the data from
this subject’s Emited repair.

Before the data for cmplete repairs were analyzed,
scare profiles were examined for significantly atypial
perdormanc in the experienced group. One subjectin
the experienced group ook denmaticlly longer than
the subject’s mlleagues to perform the procedure, pri-
marily because of sulstantial difficulties with suture
delivery and management. This subject required 63
minutes to complet the Bankart repair in comparison
with the colleagues’ mean of 29.5 minutes (SD, 12.6
minutes). Por the experienced surgeon outlier, Z
equaled 2.61 with an associated probability value of
005, which indicated that the differencee in peror-
manc from this surgeon’s peers was highly signifiant.
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Consistent with the praspectively established policy of
removing an experienced subject’s saores if his or her
performance was mare than 2 SDs from the group
mean, this subject’s data were removed from further
statistical comparisons between the groups. Thus, the
data for one subject from each of the two groups was
removed from the comparative statistical analysis.

Experienced Group and Novice Group Comparisons

Comparisons were made separately for steps and er-
rars for each of the 13 phases of the Bankart procedure,
as well as the summary data for steps, errors, and
sentinel errars (Table 5 shows data for the novice group
and Table 6 shows data for the experienaed group). The
phases of anchor preparation/ inse rtion, suture delivery
and management, and knot tying were repeated for
each of the 3 anchors. The 3 sets of dats for the 3 similar
phases (1 for each of 3 anchars) were @mmbined. The
novice surgeons made significantly more objectively
sared overall procedure errors (Fig 1) than the expe-
rienced surgeons (5.68 emors for novice surgeons v 2.95
ermors for experienced surgeons, P = .01 3). Not only did
the novice surgeons make mare emrars but they also
showed greater performance vaniability, as shown by
the considerably larger dard deviation score (3.51 v
1.85). The greatest difference in the mean number of
ermors made oaurred durnng the suture delivery and
m ph of the g i which was sta-
nsnallysg'nﬁam (195 emors for novice surgeons v
0.45 errors for expenened surgeons, P = 024) (Hgl).
The mowice surgeons also made more sentinel ermors
than the experienced surgeons (1.5 v 0.95), but this
difference was not statistically significant.

The most mmmon ermors and sentined emmors are
shown in Table 7, with those ermors common to all of
the 3 anchors being summed. Wn.hmspentou;uhr

erors, failure © in intra-articularp of the
wmuhwa&ewanlyduwedin&emwupmn
Both grouy ’! es of anchar

pullout the expenened group somewhat more often
than the noviee group. By far the mast common
sentinel emror enxcted by the novice group was
improper introduction of the suturedelivery deviee
into the capsule at ar above the anchor hole, resulting
in fallure to achieve retentioning of the capsu-
ldigamentous tissues superiorly. Damage (Laration)
of the intact bbrum during attermpts to mobilize the
capsulalabral tissues was abo notably more common
among the noviee group compared with the expen-
ened group. Owerall the novice surgeons also
completed fewer steps than the expenienced surgeons
(35.04 v 38.15), but this difference was not statistically
signifiant (P = .187).

Figure 2 shows the mean amount of ime both groups
of subjects took to perform the procedure. The noviee
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19 M Novice surgeons
o Exp a
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Table7.G Brrors and Senginel
Experienced Subjecs

Niean aumber

Total prosedare Sunwe delrery od

FAg 1. Mean w1l erors enaced by novice and experienced
surgeon gougs (P = 013) and mean sutre déivery and
management errars enacted by novice and experienced sur-
geon groups (P = 024).

surgeons took significantly more time to perdorm the
repair than the experiened group (45.5 mimutes [SD,
14.95 minutes) f(tmwus\ngmv259mmms[$D
5.33 ] for d P < 001).

¥ B

Discussion

Novice Versus Experienced Surgeon Performance
This stixly shows rabust onstruct validity for the use
of the arthroscopic Bankart procedure metrics with
2 adaveric shoukder. The Bankart metrics are both
recise (high IRR) and accurate (sble to distinguish
between noviee and experienced surgeon perfor-
mance).’” Overall, experienced surgeans performed
better than noviee onthopeedic surgeons when evahz-
ated using an objectively asessed and blinded review of
video-recorded operative performance. Although the

Brrer

Fullure 1o mdotdn henatiubr s 1
posigion of the poste for cann ull

Fullure 0o mdetddn htnatioubr 4 o
podgon of the mibdwmicrior cennula

Fullure o mdotsdn Bienatvubr ] 2
paigon of the amcromperion
conn ule

Hevate capadolbal dsoe foen the s °
@endd neck

Anchor s o remal ccuxly fiwed 4 é
o wppmpdatc depth’

Offica dinyg of suture anchor 1 ]

Sentind cmor

Lace mute bntact capradoliba ] Sene 4 1

Capaalur proctsdion & ator wprdor 13 3
% anchr hole”

Entry of completad tunnd Bos cutibde 1 1
sude aone of 0-3 s fram boary
@endd rim

Fullure o create and mahsdn 2 1
Indentaton of capandic or bml
S

*Errors Shut were common 0 the 3 anchos were susenad

for a spedfic procedure (an ABR was selecied). This
metric tool was shown to have B and content val-
idity.” Second 2 “tmining ®ol* (2 shoulder model
simu lator coupled with the ABR metrics) was shown to
hwmm:nwiditylﬂmﬂkvrithd! ahility to
distinguish between experienced and novice surgean
performance.”’ Lastly, the cument study shows
construct validity for the cadaveric shoulder (coupled
with the ABR metrics) a5 2 valid “assessment wol” for

-

abjectively assessed performance of the experienced
surgeons was better than that of the novice surgeans
across all of the measures, the metrics that best distin-
guished the 2 groups were procedure emors, partia:-
Lrly suture management emmors. Operative time was
ako significantly different We are unaware of previous
similar stidies using 2 detailed metnic-based assessment
of a complete surgkal procedure with which to
mmpare and contrast our results.

Tool Devel opment

At the outset of the series of investigations termed the
AANA Copemicus Initiative (2 paradigm shift from the
apprenticeship model to one of PBP training), we
sought to stidy the effectiveness of PBP training for
surgical skills. This investigation required the develop-
ment and validation of 3 separate, specific took to
mmnduct the analysis. The first component © be aeated
was 3 "metric tool” (steps, ermors, and sentinel errors)

comparing the p ance of different surgeons.

Interrater Reliability

The very high IRR for the scores from the reviewer
pairs for the entire group of metrics (0.92) & reflecive
of the clarity and precision of the arthroscopic Bankart
metrics drafted, a5 well as the thorough training of the
10 reviewers. The ability © sore the steps and emmors
consistently & essential to obtain 2 reliable measure of
the surgeon’s perdormane and skill lkevel for a partic
ular procedure.

Shoulder Simulator Model Versus Cadaveric
Shoulder

For the prior study underaken to asess construct
validity for the shoulder model simulator and Bankart
metrics, surgeans in the expenened group made 63%
fewer errors, committed 79% fewer sentinel emrors, and
performed the procedure in 42% less ime than those in
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70 4

60 -

Minutes

30 - ‘l‘
20+

10

o - 1
Novice
surgeons

Experienced
surgeons
Group
Fig 2. Mean time (In minues) taken by novice and experi.

enced surgeon groups 10 complede 3 suture anchor Bankan
Tepalr (P < 001).

the novice group (2ll diffe rences being signifiant). The
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predominantly reflect a familiarity and knowledge of
the stegs necessary to perform the procedure. Overall,
in both studies, the experienced group showed less
performance varisbility than the movice surgeons as
demonstrated by their smaller standard deviation
sres.

The benchmark was established hosed on the mean
perdormance: of the group of experienesd surgeons. For
this adaveric stady, it inchaded completon of a 3-anchar
Bankart repeir with no more than 3 ol emors and no
mare than 1 sentinel error. For the similar previous study
on the simulator model using the idential metrics, the
one difference in the benchmark was thatno more than 4
(instead of 3) total ermors were permitied.

Novice and Experienced Outliers

The partial data from 1 noviee surgeon were removed
from the analysis beause the surgeon was not ablke to
complete the suturing and knot tying for the first an-
chor before edectvely terminating the procedure
because of the inability to make progress. A relatively
large number of ermors were emacted (mean, 4.5)
(Table 5) for the partion of the procedure perdformed
but it was nat possble to xxurately estmate or
extrapolate © the otal number of errors that might
have been created had the entire procedure been
completed. The total number of errors enaced woukd
likely have been sulstantial had the procedure been
completed Thus the average to]l numbers of emors
and sentinel errors are likely to have been substantially
understated for the noviee group. A relatively small
number of steps were acmmplished (mean, 13)
(Table 5), and had the date for this novie been
induded in that analysis, they woukl have affected the
average tatal number of steps that the novices

greawst difference in emars b

invalved anchor preparation and insertion, sutum ck-
lvery and management, and knot tying. In the current
study using 2 adaveric shoulder, experienced surgeons
maxde 50% fewer errors and performed the procedure
in 44% kss time (both differences being significant).
The number of sentinel ermors was significantly less for
the experienced group in the model validation study,
ard sentinel errors were ako mmmitted less frequently
by the experiened surgeons in this cadaveric evaha -
tion, although the difference was not statistically sig-
nificant. With respect to spedfic phases of the
rocedure, the greatest discriminator in bath ine
vestigations was for the phases of suture delivery and
management. This finding & not surprising beause the
steps invalved in thase phases are among the most
challenging for the Bankart repair. The number of steps
performed did not diffe rentiate between the noviee and
experienad groups in either the smulator model or
@daver studies. This result & nat unexpeced because
the intent and effort to perdform each of the steps

leted Given that the diagnastic parion of the
procedure took over 25 minutes for this subject, the
overall time for completon of the 3.anchor repair
woukl ako likely have been much longer. Because the
data for the majornity of the analysis were mmmplete, it
was not possible to inchxde any of this surgeon’s per-
formance data in the analysis.

One of the issues that emerged dunrgthlsmldy,and
indeed in one of our previous studies, ' was atypical
performance of 1 experienced subject. Atypical per-
formance & an important Bsue as it relakes © stb
Ishing benchmarks, which may have considerable
implications for trainee progression. Since PBP training
was first introduced and validated in 2002,'" the
awernge, or mean, performance of experienced opera-
tors has been used as the performana benchmark that
trainees must meet and demanstrate before being
allowed © progress in their training. " ” If an expe-
rieneed individual’s pedformance saore was dramati-
cally warse than his or her peers’ scores and if this
sre were to be included in the estblshment of the
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benchmark, the reference level would clearly be low-
ered The lowering of the performanae threshokl
(benchmark) coukd have important patient safety im-
plications. Forexample, in a stidy on beriatric surgery,
it was found that surgeons performing atthe lower end
of the perdormance range had significantly poorer
oukomes than surgeons perdforming at the upper
end.”’ This was one of the first stzdies to quantitatively
Ink objectively assessed surgeon skill performance
with patient outcomes.

The crieeria for removing outlier data from the group
being used to create a2 performance benchmark must be
established before the data are mlleced and should be
abjective, transparent, and fair. At the outset, before
@nducting this stxdy, we dentified and discussed the
possihility of encountering atypical experienced sur-
geon performance. 'l'hemmof4pﬂmnym-
vestigators agreed that the resolution to this 1
sue woukd be to remove all dasﬂmct‘ssmsfrm
subsequent amalysis if #t could be unambiguously
established that the subject’s performance was statisti-
ally atypial (>2.0 SDs from the group mean). The
experienced individual participeting in this study per-
formed considerably waorse than that for operative time
(2.61 SDs from the mean).

Performance Errors

The enactment of errors & emerging a5 ane of the
most important indicators of skill for operative per-
formence.’’ While an individual may be able to
perdform all of the comrect steps in an acceptable order
with the appropriate instruments and score very well
an those parameters, he or she may still perdorm the
steps poorly. Procedural erars are operative behaviars
that deviate from optimal performance. These metrics
are a2 relisble measure of performancee quality and are
lkely to be the most sensiive assessment ©ol in the
evaluation of q!craﬂve perivmnnoe and safety.™
Although simul ion and the result-
ing transfer of training will influence other perfor-
mance parameters as well such as procedural time,
the greatest impact of such 2 training strategy appears
© be on limiting perfformance errors. ™ It & therefore a
necessity, at the outset, that the performance charac-
erimtion of “deviations from optimal performance”
(errors) must be particularly robust and well validated.
& also implies that ermor performanae asessed using a
less rigid Likert scale (Table 1) (global rating scale)
may result in 2 kss focused appraach to minimizing
emrars because the deviations from o;mmal perdor-
mance have been less dearly defined ™™ A Likert-
type scale & 2 method of axcribing a quantitative
walue to qualitative dats to make the data amenable to
statistical analysis. Likert saks (often with 2 range
from 1 to 5 or from 1 to 7) are typically constructed
with responses (opinion) arournkd 2 neutral option

R L_ANGHALOET AL

(eg. suture delivery was 1, awkward, . .. 3, effective,

. 5, highly effident” )mdwcrcongmalydcgned to
anesanrgeofrqudan attitudes.”® Given the
inherent subjectivity in this method of attempting to
rate objective performance, it may be difficult to
obtain awe)}tdde levels of IRR ( 280%) in the scoring
of events.™ In contrast, the aproach to the assess-
ment of performance used in this sty uses precse
definitions of ance and simply requires the
video reviewer to determine whether the spedfic
event did or did not oca:r. This binary approach to the
measurement of performana has been shown to
facilitate the reliable scoring of metric-based peror-
mance units agass 2 vanety of funcions from skills
training' **“7* at different experience levek. " It
has ako been shown to considerably enhance assess-
ment reg*ity leveks in comparison with Likent-scale
sTing.

The effectiveness of a deliberate practice, profidency-
based training curriculum using simulation refies on a
clear and specific dentifiation not anly of the proper
steps that the trainee should perform but ako of what
the trainee is doing wrong and how © prevent or wr-
rect his or hcr error. Oﬁacr advamapes of aeating

2, ve proced ons and expliat
(vpaautnal step andd emrar definitions exist. Detailed
metrcs provide very clear guidenae for the construction
of smulation training pbd(l'ma, specifying exactly
whntheunuhm‘ K be le of emul
more ing" C he nsive ]ro

d dl-a 3 chall wging and time-
consuming the first time it is undertken and requires
robust validation of all of the performance metrics.
With experience, however, this methodolgy ©
consilerably easier to apply © subsequent daracter-
imtons of different procedures by the ssme group.

,-

Limitations

A iminton of this study relates © the use of adav-
enc specimens for the arthrascopic Bankart kesion cre-
aton and repair. The specmens lxked some
uniformity in the integrity of the capsule and bibrum,
soft-tisue mmpliance, shoukler mobility distractibility,
and bulk of the extra-articular tissues. In addition,
although ific o eters were used for the creation
of the Bankm Islms (ie., 2- to 6-0’dock posiion an
the glenoid rim and 6 © 9 mm deep/medial), the le-
sions could not be made absolutely uniform. Purther
variability existed in the presence of coexisting pathol-
ogy (arthrits, synovial praliferation, ratator cuff partial
tears, and s0 on). The “acepability criteria® for the
spedmens (listed earbier) were used © minimize the
impact of this patential problem.

An additional limitation of this study & that there was
no confirmation that those serving as master/ asociate
master surgeons anxl being representative of the
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“experienced” gouwp pnscsed a speaﬁed kvd of
expert skill in 3
procedure. Newnhd:s. the mdvuinl sumuns 0
identified have been recognized by the AANA as valu-
ahle educators either from kecure presentations with
videos exhibiting &ied shmich arthroscopy ech-
nkues or fmm e hing in an
Lborwory se!:lu'g with the ability to
&meamluuhexhddt key companents of a
proced Thus, * » d" rather than
'ewfsammdvkdummofdugm.
Similarly, ather than identifying the year in training, no
additonal information was obtained to determine the
extent of the residents’ expernience (novice group) with
arthroscopic shoulder surgery (ie., the number of
arthroscopyfsports  medicne  rotations  previously
mmpleted, the number of shoukler arthroscopic surgi-
@l procexdures in which they served as assistant sur-
geons, and so on). Even with these data, aacurate
nowledge of the level of skill possessed by an indi-
vidual resident woukd not be passible. Thus, although
the arthrascopic skill sets of the subjects are represen-
tative of their respective groups a‘nd experience, thase
skills are highly hkely to be heteroge
We acknowledge that only a single operative pro-
@dure was analyzed for each of the subject surgeons.
It is possible that data averaged over seweral pro-
@dures would be somewhat different from thase ob-
tained in this study. Cost and tme considerations
made the perdformance of 2 single ABR on a cadaveric
shoulder most feasible. Pinally, it should be nated that
the participants heachgmwhdnowimswdﬁc
Inowlkxdge of the metrics to be scored in the mwew d
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The wol ‘olwidaedarﬁm-
scopic  Bankart metri led with a2 cad
shoukd ly distinguishes the performance of

expenencad fmm nmnc onthomedic surgeons. A
benchmark based on the mean pedormance of the
experienaed group inchudes completion of a 3-anchor
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Appendix 8 (Chapter 6)

Objective Assessment of Knot-Tying Proficiency With  ®
the Fundamentals of Arthroscopic Surgery Training
Program Workstation and Knot Tester

Robert A. Pedowitz, M.D., Ph.D., Gregg T. Nicandri M.D., Richard L. Angelo, M.D.,
Richard K. N. Ryu. M.D. and Anthony G. Gallaghcr Ph.D., D.Sc

PmTomamMmdhr&nmAl of arth pic knots and to establish profidency
benchmarks using the Pund k of Arth Surgery g (FAST) Program warkstation and knot tester.
Methods meﬂmmdypmpmdldedzohmh-yaanulhmamwmamndmnh America resid rth Y
course (19.9 + 8.25 years in practice). The second group comprised 30 experie nced ding an Arth
Assocation of North America 1l murse (17 1+ 19.3 years in practice). mmmmupmwupmme
4 or 5 orthopaedic resid in a randomized, mwﬂwﬂﬁyofmmwvmmﬁ!mwamupk
standard training (n = 14); group B, worksation practice (n = 14); and group C, proficiency -hased progression using the
knat tester (n = 16). l‘nrhmb)eamd 5 arthrascopic knots hacked up by 3 reversed hicches on alternating posts. Knots
were ted under video control d amenl drel through a L within an aopaque dome (FAST workstation).
Each suture loop was stressed satically at 15 b for 15 seconds. A alibrated stzer measured loop expansion. Knot fflure
was ¢ defined as 3 mm of loop expansion or greater. Results In the faculty group, 24% of knots “falled” under boad.
was in¢ 12 faculty had all knots pass, whereas 2 had all knots f2dl. In the second group of praaiang
surpnns.Zl%ddt knats & fled under load. Overall, 56 of 250 knats (22%) tled by experienced surgeans fadled. For the
duate year 4or 5 resik the aggregate knot faflure rate was 26% for the 220 knots tied. Group C residents had
an 11% knat Gilure rate (half the overall faculty rate, P — 013). Conclusions The FAST workstation and knot tester
offer a simple and reproducible educational approach for enhancement of arthrascopic knat-tying skilk. Our dat suggest

that there xm&mtmmfnlm;mmtmthew andc¢

Level of Evid

far expers

y of these imp arthrascapic skdlls, even

Level 11, praspective comparative study.

not tying & an essential skill for profidency in
arthrascopic surgery.’ © Arthroscopic knot tying &
difficult © each and to assess objectively. At this fme,
mast trainees are asessed by visual inspecion of
arthroscopic knots, either by (irect view or by an
arthroscopic image. Hanypsiak et al.” recently showed
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that even expernienaed practicing surgeons are relatively
inconsistent when it mmes to arthroscopic knat tying.
Technical inconsistency could have a negative impact
on surgial outcomes.

In the hboratory setting arthroscopic knots (more
accurately, the suture kaps created after knot tying) are
usually tested with expensive material testing devices
that allow sophisticated variaton of oad magnitude,
cycﬁ:vmmsmdepnll loop preload, and load appli-

cation rate.*** However, these devices are not prac-
tical for dayto-day education of residents and fellows
or for continuing medial education of practicing
surgeons. It would be adwentgeous © have a
csteffective and relatively simpleto-use tester for
objective assessment of knot performance, as opposed
to knot appearance.

In the teaching laboratwry, knottying skill are
generally developed using knot<tying boards under
direct visualization with the trainee’s eyes looking
directly at the hands, suture, and associated surgical

Arthsapy: The Jowmal of Arthroxopic and Relsted Sxpery, Vol 31, No 10 (Qobe), 2005 pp 1812-18%
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instruments. However, in the clinial setting arthro-
sapic knots and hadcup hitches are aeated outside of
the body, delivered through an anthroscopic annula,
and then tensioned within the joint, with visualization

ided by a 2dim al video screen. This mm-
lnnmnn Texquires an integrated d'xmofumplexpsy-
chomotar skills that are p d in 3.du
spoemhrmn!ybﬂmﬂarmu.“ Such skilks are best
amuired and rehearsed in 2 gradual and systematic
fashion. nn

The Pundamentaks of Arthroscopic Surgery Training
(FAST) Program & 2 wlhborative initiatve of the
Artmsmpyksmaum of North America (AANA), the

i@an Academy of Orthaopaedic Surgeons, and the
Amerian Board of Orthopaedic Surgery. The FAST
Program offers a basic arthroscopic mator skilk cumic
ulum with assodated e aching modules to faclitate core
training in arthopaedic surgery. k is bgialto achieve a
baseline levdof:d'lmalpmﬁoalcy if possible, befare
operating on patients. !

The FAST Program curriculum was developed after task
decons truction of basic arth icskills (available, with
open acmss, at hqa.l-‘mrw.un.\nrg:’FASTngmm
FASTProgramSurgialSklsContent aspx). The FPAST
workstation (Sawbones, VashonIsland, WA) was custom
designed for training of these skills. The system allows for
initial practice under direct visualization, then advanes
to triangulation through simulated portals under direct
visual contral, and finally moves © skill rehearsal
through simulated portaks using avideo camera, with the
direct surgeon view eliminated. The purposes of this
study were to assess the FAST knat tester and to establish
benchmarks for knot- tying profice ncy using this system.
Our hypothesis was that the FAST knot tester woukl
facilitate abjective, accurate, and immediate mechanial

ent of knot perd

Methods

For all groups in this study, 5 consecutive knots were
created by each subject on the FAST workstation using
No. 2 FiberWire (Arthrex, Naples, FL) under dry, room-
temperature mnditions through a2 7-mm plastic can-
nula. Each subject created an arthrascopic knot of his or
her chaice, backed up by 3 reversed half-hitches on
alternating posts. Each suture was labeled, well away
from the knot and suture loop, for later identifiation.
The 5 knots were gently placed within alabeled plastic
bag for exch subject and set aside for subsequent
analysis using the FAST knat tester.

Faculty Reference Group |n = 20)

The first group (faculty) was wmposed of 20 expen-
encd surgeons teaching at a dedicated AANA resident
2 py skils at the Orthopedic Leaming

Center (Rasemont, IL). This expert group reported
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clinial practice experience of 19.9 + 825 years and
performed 381 + 150 arthroscopies per year.

Resident Comparison Groups |n = 44

Ornthomedic surgery residents (posgraduate years 4
and 5) pertdmeted in 3 andomized, prospective study
of profidency-based training at the Onhopedic
Leaming Center (the AANA Copemicus Study,
described in detil in a separate publiation’” that did
not inchude specific information about knot-tying per-
formance, benchmarks, and associated methodology).
Residents were divided into 3 subgroups. Group A
included 14 residents who were instructed on knot-
tying skils using standard educational methodology
during a regular AANA resident arthroscopy @urse.
Standard educational hodaogy included didactic
instruction, Bailty demonstration, practice with rope,
and progression © knat tying using suture around a
metal hook and then through an arthraspic cannula,
all under direat visualzation. When group A partic-
pants felt ready for testing, each residentused the FAST
warlstaton and USBE camera system to create 5
arthroscopic knots in  sequence without interval
feedback.

Group B included 14 residents who received similar
didactic instruction to group A, but they were ako
allowed © practice knat-tying skills using the FAST
warlstation/USE amera system until they were ready
tocreate 5knots for later testing. Group C comprised 16
residents who reeeived the same didactic instruction
and practiced with the workstation/USB camera setup.
However, group C residents were allowed to use the
FAST knot tester after each knot was fied providing
immediate performance feedback during the practice
phase, until they were ready to aeate 5 test knots.
Practice time before knot #sting was not a2 mntrolled
variable for the resident study groups.

Surgeon Reference Group |n = 30)

Thinty surgeons volunteered © aeate 5 knots using
the FAST workstation and USB amera setup at the
2013 AANA fall course. For the purposes of setting the
benchmark for resident profidency (as described later),
we only used the faculty from the Copernicus course as
the reference group. We were surprised at the high
knat failure rate among the Copemicus Bailty, so we
punsued an additional cohart of practicing surgeons
(whether Bculty or nondaculty surgeons) from the
AANA fall murse. We thought that this would, at 2
minimum, represent arthroscopic surgeons in practice,
and we believed that observations of % practicing
surgeons wou kd e overall confid in the ob-
mﬂ!hmmusedhawnhmfeed
hadk provided to the surgeon during knot ¢ Al
;wuqmmmchtalpncuufaalmtlyw
(maximum, 40 years). The group had an average
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Fig 1. Fundamemntaksof Arthroscopic Surgery Training (FAST)
base stagon with knot-fying mandrd and lucent dome for
sidlks rehearsal under direcy visual zason.

practice experience of 17.1 £ 19.3 years (mean + SD).
Ten surgeons self-reported as course faculty, 12 seli-
reported a5 attendees, and 8 surgeons did not indiate
whether they were faculty or attendees.

Study Partidpants
Exch subject was vclballylnbrmed d:m.n thepu'qxne
of the study, and all val d a

identifiation number. All test knmsm Lbeled lmlg
subject  identficaon numbers (subjead names
exchuded). The study protool was reviewed by the
Western Institutional Review Board (Puyallup, WA)
and deemed exempt.

FAST Workstation

The FAST workstation & posed of 2 base unit
which acommodates various snap«in eaching mod-
ules that cmplement the FAST Program cumiailum.
The base station can be used for besic skills practice
under direct visualimtion without the need for trian.
gulstion. Two smap-in dome units allow for skils
rehearsal either under diret visualzation with the
luent dome (Fig 1) or with video imaging using the
opaque dome (Fig 2). Bath domes have multiple,
identially positioned awess holes that mimic portal
positions and geometries of knee and shoulder
arthroscopy.

The FAST work hasahb Iy pesitioned,
smoath, stainless sieel knot-tying mandrel for practice
with suture (Fig 1). The crcumierence of the knot-
tying mandrel matches the fist marked positon on
the mnical bop sizer of the FAST knot tester (Fig 3).
The kop sizer & calibrated in l.mm increments to
measure up to 5 mm of expansion relative to the knot-
tying mandrel. On the hasis of prior Eerature,* ™ 3 mm

R. A PEDOWITZ ET AL

% of Arthroscop
warkstason with opaque dome and Nght-emitsng diode
penlight An nexpensive USE camera & dimcied at the knat-
tying mandrel, and the image & dsplayed on 2 Lptop com-
puser. This amangememnt stmulises arthroscopic visualizatson.

Fig2. Fund Surgery Training (FAST)

ofloop expansion or mare was deemed to indicate knot
failure. This & @nsidered an amount of suture bop
clongation that might be assodated with biological
healing failure at the tendon-bone interface after rota-
tor cuff repair.” ©'7

Visualization Protocol

To mimic clinikal conditions, the FAST warkstation
was designed for use with an inexpensive USE
camera mounted on a stand (Fig 2). For this study, a

o

\.)\

Fig 3. Conial Joop sizer of Fund
Surgery Training (FAST) knot sester. The first mark lndims
2e10 Joop expansson, and each subsequent mark reflecs 1 mm
of addisonal Joop expansion compared with the kmaot-1ying
mandrel.

a5 of Arthn -
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Fig 4. Fundamemalkof Arthroscopic Surgery Training (FAST)
knot teger. The sumre Joop is positsoned on the 2 @nes and
the handle allows for conzrolled gpplicagon of 15 B of Jon-

gitudinal Joad.

high-resolution Point 2 View camera (IPEVO, Sunny-
vale, CA) was mounted on its hase station and con-
neced to alapop compu ter, which provided the image
on the video monitor (Fig 2). The camera was directed
atthe knot-tying mandrel through a hole in the opaque
workstation dome, which fored subjects © ook at
the image an the laptop sareen during knot tying. The
camera was set at 2x creen magnifiation using the
IPEVO software. [Mumination within the dome was
augmented using a dispsable light-emiting diode
penlight (PLED23A; Energizer, St Louis, MO), although
we found that ambient room light was generally suffi-
clent because of the high itivity of the USB ¢

FAST Knot Tester

The FAST knat tester s compased of 2 rigid base with
aninegrated spring for applieton of Enear tension to
2 suture bop (Fig 4). The tester was designed to apply
15 B of tension (60 N) based on published theoretical
maodeling of relevant clinial forces because direct
in vivo of p T ive suture »
are not available. Burkhart et al.” estimated that 60 N
would be the maximal force per suture that might be
created by muscle mntraction after 2 halanced suture
anchor repair of 2 medium-sized rotator cuff ear. Peak
loads would 1x tially be gr with an unhal d
repair or with an abrupt event, such as a postoperative
{all. High-strength No. 2 sutures are relatively s6ff, and
the material can withstand loads greater than 300 N
before rupture.’” Therefore the 60-N load of the FAST
knot ester was selected © assess knot perd =
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measurement of the suture kop. The bop & then
transferred to the 2 tines of the knot tester. One of the
tines & solidly attached © the rigid base. Tension &
applied by an actua©or handle connected by a calibrated
spring 10 the other tine. A force gauge allows the userto
apply 15 bof axial tension to the suture bop. We chose
15 seconds of steady force application because pilot
studies indicated that significant addisonal bop
expansion did not oaur beyond this time paint (in ba,
most of the bop expansion was cbserved within 2 few
seconds of force application). After 15 seconds of static
load, the actuator handle is released and the suture
kop & removed from the tines and transferred badk to
the conical loop sizer. The calibrated markings are used
to assess finalloop size cmpared with initial loop size.
A loop created with 2 perfeat knot would therefore
have zero beseline difference from the knot-tying
mandrel and 210 expansion after load application.

Reproducibility of Load Application

A digital force scale with 2 maximum loaad apacity of
301b (HS-30; CA Sale Company, Covis, CA) was used
to the t y of laad apph created
by the FAST knat tester. Two sets of 10 measures each
were acquired by independent observers. One observer
applied 15 1b of load with the actuator handle for 15
seconds while boking at the force scale of the FAST
knat tester. The other observer recorded axial load
using the digital foree sale after 15 seconds. The force
scale was onnected by a rigid metal link © the suture
tine of the knat tester. The digital force sale was re-
zeroed after each pull of the acuator handle. The
toles of the 2 observers were reversed during the sec-
ond set of measurements. By use of this protoca, mean
force appliation measu red by the digital force scale was
15.03 b, with an SD of 0.05 b (expressed as the SD for
2 independent sets of 10 measures).

Statistical Analysis

logistic regression analyss was used to compare

relative differences between knot-tying performance of

the 3 resident trainee groups and faculty knot-tying
or Swtistical signi ficance was idered at

P< 08

Results
Perormance data from the AANA Copemicus Study
participants and from the AAN A fall @urse subjects are
presented in Tsble | and Tsble 2, respectively. This
information & stratified according to the number of
knats that biled (defined 25 >3 mm of bop expansion)
aferapyp of 15 b of static boad for 15 seconds. Of

opposed to suture performance.

Aftera knat & aeated on the warkstation, the loop &
gently slipped off the knat-tying mandrel and trans.
ferred © the conical loop sizer, which gives a baseline

the 20 Copemicus course faculty, 12 had 0 knats &il.
Four ailty had 2 knot bilures, 2 fculty had 3 knot
failures, and 2 faculty had all 5 of their knats &il on the
FAST knot tester. Overall 24% of the faculty knots
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Table 1. Knot Tying at Arthroscopy Assoclason of North Amers - Cop us Course
Gaoup A Roddons Ganp B Revidenss Grap C Rodas
Faculty fa = 20 =14 Rt ] (a=18)

Years i gracice, mcen + 5D jrange) 199+ 83 (4-32)

Koot perfosmunce, o
Oof$ faled 12 3 3 n
1ofs faded o 3 s 2
2efS faled 4 7 2 2
3of$ faded 2 o 1 1
4of$ faled (] 1 1 °
Sof$ faded 2 o 2 o

No. of knos thue felad 4 of 100 24%) 2 ed70 (VN 26 0 70 (35%) Pd 2 (1I%)

o CEE— Cpungon of gracTy applcason of 13 b od load for 1S womds.

were mnsidered failures. Only 1 faculty surgeon tied 5
consecutive ‘perfect® knats (zero kbop expansion
compared with the knot-tying mandrel at haseline and
zero bop expansion after 15 b of boad appliation)

passing grade . When we apply these same thresholkds to
the surgeons in practice at the fall murse (Table 2), with
the bar set at less than or equal to 2 knat Bilures out of
5 ) 5 of the 30 surgeons (17%) missed the

A similarly high rate of knat Bilure wasnated in the
seond group of experienced surgeons (Table 2).
Overall, for these practicing surgeons, 21 % of the knots
were nated © be failures. Five of the X partdpants
had 3 of § knot fallures. Taking in aggregate all knots
tied by faculty and practicing surgeons at the 2 courses,
this study found that 56 of 250 knots (22%) were
deemed filures by mechanial testing.

Overall, the knat failure rate was 26% for the 20
knots that were tied by the onthopaedic surgery resi-
dents (Table 1). However, the group C residenss, who
were allowed touse the knaot tester for feedback during
the training experience, had an overall 11% knat fail-
ure rate, which was exacly one-half the knat rate of
the Copernicus course faculty.

Data from the Copernicus course Bailty were used to
create a proficency benchmark for “passing” resident
performance. This passing benchmark was applied to
the group C Cogy course residents (proficency-
based progression group full details were provided by
Angelo et al."’). On the basis of the Copemicus Bculty
data, we defined 2 proficdency benchmark of less than

passing mark.

Relative to the Copernicus murse faculty, groups A
and B were more likely to have their knats fadl, but
these differences were not statistically signifiant (P =
384 for group A v faculty and P = .07 forgroup B v
faculty by bgistic regression analysis). In contrast, res-
idents in group C were mare than twiee as likely to
have their knots pass in comparison with the faculty
reference group (odds ratia 2.84), and this diffe rence
was statistically significant (P = 013). Logistic regres-
sion analysis was abko used to compare the relative
differences between the 3 trainee subgroups, using
standard training (group A) as the reference. There was
no statistical difference between groups A and B (odds
ratio, 0.725; P = .5372). In mntrast group C residents
were almast 4times as likely tohave their knots pass as
group A (odds ratio, 3.857; P = .002).

H we apply a profidency threshold of no more than 2
knat failures out of § triaks (a5 descaribed eardier), 6 of
the 44 onthopaedic residents (14%) fell below the
passing bar. Of note, 15 of 16 group C residents (94%)
excaeeded the passing threshald: this was the best per-

or equal © 2 knat failures out of § knat asa K ce for any subgroup in this study.
Table 2. Knot Tying at 32nd Arthroscopy Assodason of North America Fall Course
Surgoon Faculty or Asmendee Toel for AN
Pacylty (a=10) Awndecs (n= 12 Not Defincd (o = &) Pardicipuss (a = 30)

Year in pmctice, mucan + SD (meye) 208 £ 74 (330 144 =124 (0-40) Bo+9%3p-12) 171 2193 (140)
Kot perfossunce, o

Oof$ faled s 3 4 12

1ofs faled 3 3 3 v

2odS faded 1 3 o 4

3of§ laded ] 3 1 s

4ofs faled o o o o

Sof$ faded ° ° ° °
No. of knos thue ol 8o 50 (16%) 18 of 60 (30%) ad 4 (19%) Ref 150 21%)

ma-!_dwepmm;z-:a-”ﬁ’ndubduh 15 womds.
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Discussion

The FAST workstation and FAST knot tester facili-
tated direct, objective measurements of arthrsapic
knot-tying performance. Overall 22% of knats tied by
practicing surgeons “failed” using this testing protowl.
A profidency-tased progresion training  protocal
resulted in improved resident knot-tying skills (11%
knot Bilure rae) compared with standard training
methodology.

The FAST Program provides core education for or-
hopsedic surgery residents, fellows, and practicing
surgeons who wish to develop and enhancae their
arnthroscopic maotor skills. The FAST Program & inten-
ded to create and enh robust psych skills,
right from the outset of training. It &s relatively difficult
to correct bad surgical habis once they are firmly
established. ”'”hairﬁngofnunymp’d skills can be
performed cutside of the operating roam inan dﬁucm
and mst-effective that
quality and eliminates patient marbidity. There has
been 2 signifiant shift toward structured simulation
training, induding recent simulation mandates by the
Amerian Board of Onthopeedic Surgery and the Or-
thopaedic Residency Review Commitiee of the
Accreditation Coundll for Graduate Medical Bdua-
tion.' ™ The PAST Program was designed to satisfy
these eduamtonal mandates for arthroscopic surgery
with 2 cost-effective, practical, modular syseem.

In the tradiional appraach to tRining, operative skills

ey
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amalyses with sophistiated material testing devices
(from MTS Systems [Eden Praine, MN], Instron [Nor-
wood, MA)L and so on). These devias are quite
expensive, and they are impractical for day-to-day
mngqvp&:mx.ﬂouvu they do have advan-
tages for complex load digms, including
cycick»dp‘lmomkNm:alﬂem we thought that it
would be advantageous to create a very simple and
inexpensive knot tester that could be used on the
dw&mlm'ﬂ!FASTknatsuwnmn
designed © be 2 sophist g ng research
tool.

k should be emphasized that the level of load appli-
cation (15 b) for the FAST knot tester was specifically
selected for testing of high-strength No. 2 sutures used
commonly during many arthroscopic procedures. The
knat tester could be adapted with different spring loads
to assess the performance of other suture materials.
Objective proficency benchmarks could be established
for various sutures under specific performance mndi-
tions. This strategy & relevant to tRining and objective
assessment of surgical knot tying acoss the medical
spectrum because knot tying & a penvasive technical
skill requirement for mast procedural specialties. The
FAST approach to measurement and quality assurance,
by achieving performance benchmarks before training
progression, fits well with the recommendations of the
Institute of Medidne report on graduate medial edu-
canm" The lnmnne of Medicine proposed that

were acquired in an apprentice model of g that
meant that 1 ing was dipi Resident experi-
emwxd&tedbywhmmthmmmdmym

they d, and whowas
sqml‘admmtbanltahn rebied on
leamning by repeated practice.™ The profidency -based
progression approach to training, afforded by technolo-
gies such as PAST, encourages a “deliberate practice”
approach.'’?7 This means that the trinee rexives
objetive meticbased feedback on his ar her perfor-
mance proximate to the measured task, thusaugmenting
thelmmgwkrl’ﬂnwha Seangknmssip
when pulled s 2 veryimpactiull gexy even
for very experienced surgeons.

Far decades, orthopaedic educatars have been using
knotying boards with rope and suture to train
arthroscopic knot tying. In most cases, proficency
assessment has been hased on subjective, visual abser-
vation of the knotdying process and the visual
appearance of the surgical knat.” ™ H . whatis
ma(hmﬂmhmdmalmﬂmekm
performance as oppased toknot app A “pretty”
knot has no dinical walue if it does not hold under
physiological loads.

Before this study, bi hanical t of su-
tures and knots has generally been restricted to

1 edu hould move away from training
that & process driven (i.e, time in training, number of
procedures completed, duration of roston) © an
*outcome”-driven  enterprise.’  This means that
msmmldbemqmmdndanmvaeabald!
mark pedormance level.

We were quite surprised by the high incidence ofknot
failures in this study for course Bailty and surgeons in
practice. After our data mllection, Hanypsiak et al.’
published similar cbservations in their study of 73
expert orthopaedic arthrsmpists who tied 365 indi-
vidual knots with No. 2 FiberWire suture. In their
study, surgeans created knaots under direct visualiza-
tion, without magnification or video contral, and the
knats were tested using 2 sophisticated electrome-
chanical dy ic testing sy The authors observed
qmﬂam varations between surgeons and between
knat configurations. Perhaps even more important,
thcycondudedtha *mnsiderable variation and in-

jes in knot ngth exst b arthro-
scopic knots of the same type tied by the same
surgeon.”’ Individual subject perdformane inmnsis-
tency was also nated mournudyhrkmsaeawdby
experts under video 1 through a
nuhs.'lheolumuaso‘lﬁanypukaala:ddn
findings of our study are extremely important beause
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technial consistency & a hallmark of surgical profi-
cency and patient safety.

We used the pedformance data for our expert faculty
surgeons to create objective profidency benchmarks
that could be applied to resident and fellow training.
Proficency benchmarks must be reasonable and
achievable. It would not make sense © set benchmarks
that are unachievable for a high percentage of @mmpe-
tent, experienced surgeons. Given the relatively high
inddence of knot failure for our experienced surgeons,
we defined a proficiency benchmark of no more than 2
of 5 knot hilures © achieve a2 passing swmore for res-
dents. Of course, surgeons should strive for technical
perection, with 0 knot failures, and we observed that
level of high performance for some of our expert sub-
jects. Howe ver, our data suggest that many arth roscaopic
surgeons (evmqta\uwedmdcxrutmgm)hiw

for ¥ t Such op-
portunities are hu’imedbydm objective, and im-
mediate perdformance feadbadk.

On the basis of the Copernicus Beulty data, we
defined a proficency benchmark (2 passing grade) of
less than or equal to 2 knot fadlures out of § knot at-
tempts. If the threshald had been set to no more than 1
failure in 5 attempts, 8 of our own Copemicus Beulty

R. A PEDOWITZ ET AL

perdarmance using video review of arthroscopic pro-
cedures. Some overt suture fadlures are easily observed.
For example, it & visually abvious when sutures break
or become entangled or when there & an overly bose
suture koop that does not indent saoft tissue. However,
our findings suggest that some “visually acceptable”
knats may fail under relevant mechanialloads even in
the hands of very experienced surgeons.

Limitations

One of the limitations of this study was that we did
not afford opportunities for self directed performance
feadback © our faculty surgeons or to the practicing
surgeons at the AANA &1 murse. This study did not
invave a homogeneous population of faculty and
practicing surgeons, with prior clinkal experience
ranging from 1 to 40 years of practice.

We did not assess transier of motor skils © the din-
ical situation, nor did we examine ssme-subject test/
Tetest consistency. Maximum practice ime before knot
testing was not a controlled varisble. This study was not
designed 1 compare performance diffe rences aawonding
to knot type because we wanted each subject to select
his or her own base knat hased on personal preference
aml cx]tnau. Previous research has looked at

h ]l perfformance variation a5 a function of

(40%) woulkd have fallen below the p g har
(Table 1). We thought it was impartant to avoid unre-
alistic or unachievable profidency benchmarks for the
residents, so we selecied the maore lenient proficency
standard of no more than 2 knot fadlures out of 5§ knot
attempts. For the surgeons in practice at the fall course
(Table 2), if the threshold was set at less than or equal
to 1 knot fGilure in § attempts, 9 of X surgeons in
practice (30%) would not have passed. These dat
further support the use of the more kenient proficency
standard for training purposes.

Overall, the knat failure rate was 26% for the 220
knots that were tied by the orthopaedic surgery resi-
dents (Table 1). Sumprisingly, this fallure rate was not
dramatically different than the overall hilure rate for
our faculty and surgeons in pratice. However, the
group C residents (whomallmwd tousethe knot
tester for feedback during the g exJ ) had
an overall 11% knot hilure rate, which wassgmﬁ
cantly better than the Copemicus murse faculty (P =
.02). We were impressed by the strong perfformance of
group C the proficency-hased progression subgroup
(Table 1). These residents could assess their perfor-
mance hesed on direct proximate feedback, make ad-
justments in knottying technique, and then see for
themselves whether their perdormance had improved.
This approach appears © have resulted in substantial
enhancement of this group’s performance.

On the bass of our olservations and the recent
findings of Hanypsiak et al.” we believe that it would
be very challenging ®© objectively assess knot

kmmmmdnmmwrnmmcxmnedm
question. During the studyd phase, we w
and discussed the impliatons dva‘num in the base
knat of each study participant. We wanted each subject,
particularly the Bailty and experienaed surgeons, to
pick the base knot that he or she would be maost
comfortable tying. We did not want to impose a
particular knot chaiae beause we were concemned that
individual performance could be adversely affected by
asking subjects to tie knots with which they were un-
accustomed, thereby introducing greater data vari-
ability. ﬂissmdywasmnddpwdmmcmdﬂe
km;:ﬁamanoevmhhm appearane. Thsem

7 study Bm andrep oppartuni
for further work.

Conclusions

The FAST woarkstation and knat tester offer 2 simple
and reproducible eduatonal approach for enhance-
ment of arthroscopic knat-tying skilk. Load displace-
ment of the suture boop & a direct reflection of
mechanical performance of the surgical knot. There &
significant room for improvement in the quality and
consistency of these impartant arthrascopic skdlks, even
for experienced arthroscopic surgeons.
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Appendix 9 (Chapter 7)

A Proficiency-Based Progression Training Curriculum ~ ®
Coupled With a Model Simulator Results in the
Acquisition of a Superior Arthroscopic Bankart

Skill Set

Richard L. Angelo, M.D., Richard K. N. Ryu, M.D., Robert A. Pedowitz, M.D., PhD.,
William Beach, M.D., Joscph Burns, M.D., Julic Dodds, M.D., Larry Feld, M.D.,
Mark Getclman, MD., Rhett Hobgood, M.D., Louis McIntyre, M.D., and
Anthony G. Gallagher, Ph.D., D.Sc.

Purpose: Todetermine the effectiveness ofp y-hasedp (PEP) g using simulason bath compared
with the same training without proficency requi and T "mzha ditional resid mnseforlem-mgm
pahmmuhwptkmkmrqw(&) Methods: In aprospective zed, blinded study, 44 postg year
4o0r 5 arth i from 21 Accreditation Coundil for Grad Medial Educat dus arthopaedic

mdatypngmmmmidomlyasw © 1 of 3 skilks training pratocols hrhutmgnpahnumm group A,
Y Association of North America Resident Course) (mntrol n = 14); group B, simulamor
[mmiﬁednmtulmnadcingaslmul&rmtdd simulamr) (n = 14); ar group C, PEP (PEP plus thesimulator) (n= 16).Atthe

of ng, all subjects perk d a 3 suture anchor ABR on a adaverik shoulder, which was videotaped and
m:adlnbhidedfdmnwnhdu useof previously validated metris. Results The PEP+ mdgmup (group C) made 56%
kwuolyemvdyascmdemuimﬂumcimmnllynuwdp’mm(gmupu(ﬁ'-nll)udll%femﬂmmwn(?-
049) (both T were ially signifiant). Thep benchmark was achieved on the final repair by 68.7%
of partidpants in group C cmmpared with 36.7% in group B utdl&&%mgmxph.whmcmmmdwthmup&pfup B
ertidpants were 1.4 times, group C partidpants were 5.5 imes, and group C*** participanss (who met all intermediate

proficiency benchmarks ) were 7.5 times as like ly to achieve the final proficency benchmark. Conclusi APBF i ',
curriculum and protocol coupled with the use of a shoulder model simulstor and previously validated prod

mpermr:rﬂmcmckmhn*illsawhm pared with traditional and simul hanced traini h "‘Clhial
Rele Surgicl traini g PBP anda muhmrsdﬁcunmddﬁmw Paemsfetycm!dbcmmwdu

before ing SuTgl

mdnmmmadm?k?rmmma fral

dopti the dical education and

hanging work patterns and a reduction in hours  and

available for trining’” have forced the surgical
community to consider new methods to augment and
enhane training. Surgical smubiton-based training
first proposed by Satava’ in 1993 s a g ial solu-

training communities.** The first prospective, ran-
domized, double-blind clinical trial of simulstion-based
u'nmng for thc operating room showed that surgial
d to a “proficency benchmark”

tion to this problem, has developed in sophistication

(Tablc 1) on a virmumal reality simulator made
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Table 1. Gossary
- De fiigon -
Conmaroct valadicy A type of evidence Qut suppodts Gu specific (et Rows denSly e qualty, ability, or wall ey were
dedgnad w memure
Congexn validicy An etimue fopinion) by expersi of e valdity of a teing & bused oo a duied o

of dhe comtenss of e g Bems

Dasage 0 non-trges Gsoe

damge)
A defivine, EEgineg, and dear od

Tagroge ic damage © Ssos not endad (o be addeged in diespeclic sacp o8, atioular catilge

a

an and relabie e osficaton

dﬁm-nmm:amtmu\dum'

Delpii paned jmodified) Ax a

A - Sereloped as a sy e B 2 a
mﬁ-rﬁnmlhq—md-pcldmn-nﬁﬁd&naplumlquﬂha

voie in 2or more rounds Kydes) on the appropdaseness of the mewric-tued ogeraSonal & finitons
of dulal apecs of procedure performune with @ goal of acicving cormen s, vodng & not

naoary o
A deviadon loen opdead periosnance

Braow

Face valdicy An sgae (opinson) by expess who eview e content of an asesmend or taod (o see i eems
-mﬁen‘r&num&mtpmunam:

Toge vraney reliabiliey The exsentof 2 rmers enthe o a series of cdserved evenss; & suges
b 0. moag and 1.0, >

Likertacale assesme st Amhdd-mq--wd.luhcl-ah quandtagve wlos 0 daa(eg. 1,
emmara.urnas gy Ekely

Mewic dast of q wed for dbjecte evluatons W make

= or W tadk p
Operagbona de finison I'enwﬂukh:-mﬂke-cmntmd.m.-udvﬂ&nlﬂdncddu
= q and duras

Perfosn ance mewric The feanures & g e P of a given wek dagaimtp Tnown dards
dmnq-ﬂmpm

Pocedus plae Amauisdnq.lyﬂldmanﬁmhgn&nwnhnﬁapﬁm

Pofice ncy fproficiency Aq:dthddmnnawya score (benchmark) on a daslived g or

bencdunark odher form of mscanen

Poficency daed progresson A waning program Gut Ecas (h sET ped, be & dwap ined
mnM»muhekﬁnd’ummmw:w

Semind ermw An event or § & sevious deviah Meﬁulm«m-m
lheﬁelllwmemuammdu dure or (2) creans sige
Eaorogen ic boull 1o the patiend’s tEsoes
A companent usk, the eres mgegaie o wiich the 1 o a gpecific procedy

Tisk decosstroction To break down a procedus oo anRom i Laks, S0eps o com pom ens

significantly fewer objectively assessed intraoperative
errors when compared with the contrd group.” The
reader & referred to Table 1 for a lis of wrms used
thmughoutdns article. Gallagher et al.” and Gallagher
md O‘Sﬂlvm have argued that simulation-based

the patient with unidirectional anterior instability due

primarily to a Bankart lesion (capsulolab 'de hm

from the antercinferior glenoid) h

bone Ins a suture anchor repair using hmphmss a
ly awepted hod used © obtain a successful

"7 In addition, the essential com-

ing is optimal when trai are given prec
feedback on their perf with specific recom-

dat for i nt, proxi to the per-
formance. Theyhmako susgsud thn trainees be

ided a e perd hmark to  Band

pomnuohhe procedure are well outlined regandless of
whetherthe patient & phad in the lateral decubitus or
beach-chair orientation.™ This an  arthroscopic

work toward and that this benchmark should be a
walid representation of a cinically important perfor-
mance characteristic or task. Thus trainees must
demonstrate the ability to meet specific performance
benchmarks before they are permitted to progress in
training (proficency-based progression [PBP] training)

(Table 1). The effects of this hodology & well
¢69IO

We sought to study the eff of PRP

phs simulation for the aqquisit ofsurpdﬂdkl?br

repair (ABR) was selected as the platform for
this research.
The in igation into PBP training plus la ti
required the develop andvdltmononxput
specific took to anduct the amalysis. The fist compo-
nent © be created was a “metric tool” that could
objectively and accurately charaterize an ABR by
clearly defining the esential “seps” “errors,” and
“sentinel emrors” (more serious errors) for a standard
reference repair (Table 1). The metric wol created was

shown to have face and content validity™ using a
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modified Delphi panel methodaogy (Table 1)." Sec-  distinguish between novice and experienced surgeon

ond, a "trining tool” (a shoulder model simul perfor Apr(ﬁ(inq benchmark for the use of
coupled with the ABR metrics) was proved to hawe  the metrics with the simul blished.”” Lastly,
cmstrua walidity (Table 1), showing the ability to  an “assesment tool” (a adavenc shoulder coupled
Table 2. Th Phases of Bankart Procedure (in Roman k) and Bried y of 45 Steps of Procedure
1 Porsas

1. Bsadlsh poserior parul

2 View posterior humeral head and extean of he HEl-Sachs when presest

3. Mgrodouce midan wevior pinal neadle dancy w0 the subiopularis and @rect i wwasd e anteroinde for gienodd and Lbrum

4.Mnunh:nm&m&kvdhmm“.ehrﬂu‘nﬁw
5. DemonErate Mot ment acoss o (he anteromn levior genoa@labrum
& ktroduce anereauperiorn pinal neadle & e superoloeral apect of de rotar interval and dErec B woward the anerior glenad
7. an up cannula, ard pic sheahy, or swisch ing ssck
L A P
Minpuai-m
& View or grode the superior Libsl aachment ongo e genodd
Q“ewup*-ialnancd&aﬁ
10 Rode wikas g Wy inclufing vim lracture, asioular defect
Mimnw
L Mapﬁelknﬂmumd&amﬁ i fevior genohume nl Bgamens
12 Mapmklh:mmdnhmuﬁu‘nm-lﬁmumlknaﬁumnlmd
m G e
nnev-euhequw&thm&.m-lud‘dmhn‘n
14 View the subdca pularis suscle superficid 1o dhe moddie of capaule
15 Withan imtramesd, grasp and perform an inferior 1o superior shilt of the cgauloldrad Ssoe K g tendom)
14 Obosin a view of dhe aedor genodd neck
17 Mechumn ically ibrade de glenodd neck
V. Iafe v anchor prepa s Son/ie réon
18 Sew e guide Sor the ot Enferior anchor hole & e Enderior reghon of e anteroinde for quadsn
19 Dl anchor hole odisque w0 the genodd arboular face
20 emert anchor
20 st sutu e anchor
V. Suture &lverymangenen
22 Fuss a cannulieed suture hook or suture wwriever (huough the cgpaular (hsoe indesior w0 the anchor
23 Fuss anchor suture Bed (hoough dhe cpaular tisoe and defiver out e ansesor canmula
VI, Koot tying
24 Defiver an athuscopic slifing koot
25 Back up with 3 or 4 lalhikches
24 Qe suure wilk
VIL Sexond anchor pregu raon/merdon
27 Sew e &l guide Sor die second anchor fuperior (o e firsg anchor and Endedor w0 the genodd equanr
2R Dl andhor hole odiique W the genoid arsoular e
29 bmert sut ure anchor
30 T anchor security by pulling on sutue wils
VI Suture delive sy /onan agesnc ol
3L Fuss a canmnu e d suture hook or uture wwriever though the cpaular tsoe Bnfedior W e suture anchor
32 Fuss anchor suture Bod though e cgaular tisoe and deliver ou the anesor carmula
IX. Koot tying
31 Defiver an aghwacopic slfing koot
34 Back up with 3 or 4 halhiches
35 Qu sugure wil
X i anchor prepa s Son/fre réon
34 Sew e &rill guide Sor e thind anchor at or supesor W the equanr
37 DN anchor hole odiique  the ghenoid arboular face
38 et sugure anchor
39 st anchor security by pulling on sutu e wils
X. Sugure delivery et ge s
40 Fuss a canmnoled suture hook or future worbever (hoough the cpauler thsoe
41 Russ anchor suture Bod thoough e cgoular tisoe and deliver ot e anse Sor canmula
XL Kok tying
42 Defiver an aghwacopsc slfing knot
43 Back up with 3 or 4 halhikches
44 Qu suture il
NI Procedure = view

45 View and/or peode final complesed repak
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Table 3. Summary of 29 Differert Bankarnt Procedure Metric Errars

Palure w0 maintain bdra-ativuler podithon of the posse Sor canmnula

Palure w0 maintain btra-ativuler podithon of he mbdme ror canmnuh
Fallure w0 maintain tra-agivuler podtion of die ane raiupe sor canmula

Dasage w0 e sup Rorder of the subscap
Damage w0 the antevior border of @ supmsginats
Loss of inwra L i of ardu &

hor operating cannula ficss of each porual & wared

cady cnce Sor each plase |lmnm:n,i:-qloamld)h-nm+l portal)

Laceste ntact capou liabral Saue (sextind ers)
Falure w maintain congrol of working & nnel erron)
Guide & nat locad n e infefior region of the an eroinderior

tof the genodd (forthe firg anchor positon)

Brary of the completed tunned Ies ouside safe zane of 0w 3 mum from the ooy glendd rim (sendned ermr)
Shullow

of arde

g and defom ut Ty curdlage

{ emaor)

Faure w0 sabnsah secure seating of e &rill guide during anchor insegim

legplant brealage
Teogplan t remn s visidly pooud pengine] error)

Palure w brmert the anchor with the bmeriey Luey Ene (when peesent) w0 or beyond the ey Ene an the drill guide

Anchor L w remain secuely fived widdin bane at e approgrise

Capoular penetraghon & & or fuperior 1o the anchor hole for anchor poaiSiorns | and 2 (sexgind ersr)

Capoular p
Trstrume s breakage

Teadog of capmulohbal Sue
Da s " o s
Off-loating of sutu e anchor
Breakage of suturing device

oot & o p j‘ "”k" dolabrd §

Ting device or sugure

Palure wo create and mantan ndenason of e cagiule or Libral tssoe with knot tying feenSned errar)

Ve void &
Connplesad nat abuts ardoular cardlge

Vi void & peeient beoween (hoows of the complesed Tl hitcdes
Suture breakage

Reoween thuows of the comnpieted plmary knot (sendind esor)

Gude s inferior 1o e equatar of de gienodd (for e Qird and find anchor)

NOTE. Metie errars can be wsadaed with multigie pluses and ops of the grocaduse (0~ 77 wal arros).

with the ABR metrics) was evaluated and also shown to
have construct validity (Table 1),

The pumpose of this stidy was to determine the
effectiveness of PRP g using smulation bath
compared with the ssme curficulum without the pro-
ficency requi and pared with a traditional
Arthroscopy Association of North America (AANA)

Resident Course for learning to perform an ABR. We
hypothesized that a training | coupling PRP
training with a shoulder model simul would be
superior to an identical curriculum using a simulator
but without the need © show profidency, as well as ©
a traditional curriculum with no simulator or profi-
clency requirements.

Table 4 Demog aphic and Baseline Perceptial, spatial Psych A Data for Particpants
Ix mplic Viriable Guoup A Guoup B Group C P Value
Gender, n
Male 13 13 4
Peale 1 1 2
PGY of tmining, 0
PCY 4 6 & 7
PGY S & é 9
Regle hand denna ar Nny MHN
Age, yt, mean (SD) BH) 32 32(3) 54
Perceptud asesamne st (PicSOr) mean (SD) 092 poT) 093 (0.07) 093 (0.0y F
Viucsputal mscsmen, mean D) P} 26(7) 247 76
Paychomnotor asesane o, mean (SD)
Dosrinant hand
Correct bncisbors 2a) 12 10(4) A5
Incorsect incsbons a3 p.s) 09 (o.n) 01 (03) 15
Nondosrinad hand
Correcs indbons 0 H) 9(5) 9(5) 44
Icorect ncdons al ps) ol (03) 0.2 (08) F
PGY, p duwe yeur; PeSOy p d dace
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blisded for intra-op
pvmrn-uv ola la-lurl procedure
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HAg 1. Smdy p g prosocols:
groups A (wadisonal traning [ l]). group B (smulagon
enhanced ), and group C (proficiency-hased progression [PRP]
waming plus simulation). All groups underwent baselin
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programs from across the United States participated. All
subjects were assigned a unique identifying number
that gave no indication of their PGY, resilency pro-
gram, or study group. The Westem Institutional Review
Board opined (No. 1-776362-1) that, as an educational
curficulum study, this investig was pt from
the need for full institutional review board approval
[tased on the criteria of 45 CFR 46.101(b)(1)]. The
stidly protocol was registered with the Natiomal In-
stitutes of Health (ClinicalTriak gov No. NCT01921621)
before initiation of the investigation.

Bankart Procedure Performance Metrics

The surgical residents were evaluated on their skill in
pedorming an ABR on a cadaverk specimen. Previ-
ously validated “performance metrics” formed the basis
of this evaluation and inchxded 45 key seps with
related steps grouped into 1 of 13 phases (Table 1) of

assessmenes followed by lecures on knot tying. but only
group C was required 1o pass a cognitive examinason on the
metrics and 1o test to profidency on knat tying. Groups B and
C waned © perform an arthroscopic Bankart repatr (ABR) on
2 model stmulator, but only group C had 10 test to proficency.
All 3 groups wmained 0 perfarm or practced performing an
ABR on a adaver. All particpanes from each group per-
formed an unasded ABR on a fresh adaveric shoulder that
was videouped and scared In blinded fashton (IRR, iter-
rater relabilty.)

Methods

Participants/Subjects

Forty-four postgraduate year (PGY) 4 or 5 residents
from 21 Accreditation Council for Graduate Medical
Bducation—approved orthopeedic residency training

,—' “eatdom
- assigrment _
EL \ _
Faded o
e R AR

Or-dve Orrbee Sas -
miori | | eoera ‘ _ZL-:_’ ofre]
Prr— Y=y
sed it et tying
Tracktonsl g [——
g wesbond cew Larefoieney |
3
2 shonsider st frvwrre
< course P rw-vred
B i oy
L1 T U T
s | oo . M2k
@
= Assisted but Unaided Video-recorded Bankart Cadaver Repair

Independently Assess

Trial design

ed by two Experienced Faculty

the dure’’ (Table 2). Seventy-seven potential
ermrs 1o be avmded were specified (Table 3). Of these
ermors, 20 were designated as more serfious, or sentinel,
ermors because ether (1) the emor’s enactment had the
potential to serously compromise the suwess of the
procedure or (2) the eror had the potensal to create
significant istrogenic damage © the shoulder. The
metrics were clearly defined with beginning points and
endpaints for each step, as well as precisely what did
and did not constitute each potential error. All subject
surgeons and faculty were provided a link on the AANA
Web site to 2 full Jength onentation videos, 1 each in
the lateral decubitus and beach-chair orientations.
Awxess was available 4 weeks before the course in
which they were participating. Bach video demon-
strated all of the steps, in addifion to either d .
strating or specifially identifying each of the potential

FAg2. Parscipant flowchan denadling that 2
of 14 partsapams In group A were unable
0 mplete the procedure, 1 group C
subject could not complese knot tying to
proficiency, and 4 group C residemts were
wunable to show profidency an the shoulder
mode]l smulxor (Gfled 2 atemprs). The
group C subject who fafled 10 show profi-
cdency both on knot tying and on the
maodel smulxor aso {afled to complete the
final Bankart repatr. The remaming 12
subjects from group C who met all nser.
medate ptﬂﬂ?' desig-
nated as growp would be the only
subjects allowed 1 progress per the PEP
protocol. Asterisks indiate that the panic
fpant ffled to demonstrae profidency in
one or mare mermediae procedure
omponenss.
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capacity © process and inerpret visual information
about where objects are in space. In this assessment, a
pencil was used to create the shoriest and most
appropriate route between 2 specific points on a block-
grd street map. A possibility of 20 correat routes be-
tween various points existed for each of two wests. The
number of comect routes creaed in two 3-minute time
penods was scored. Bach registrant completed 2 tests
(scores range from 0 to 40). “Perceptual ability” refers
to the capadcity to dentify, organize, and interpret sen-
sory information about visual depth of fiekd. It was

d with a ¥ generated and smred task
requiring the subject to onent the axis of a spinning
cone perpendicular © a designated fae of a cube.”
Bach of 30 trak placed the cube in a different

Fg 3. AANA Fundamentak of Arthroscoptc Surgery Tr: 2
wark: with multiple p 1 porual sites In an opaque
dome covering a mandrel around which knots are ged
through an arthroscopi anmula (inset on lapop screen).
A USE amera (lpeva, Sunnyvale, CA), direced through
a window, projects an tmage of the inside of the dome omto a

Lptop computer sareen.

errors (induding sentinel emrors) © be awided in per-
forming an ABR safely.

Baseline Assessments
To ensure homogeneity among the 44 subjects, all
residents completed previously validaed s of

- orie
1.0). *Psychomotor ability” refers to the capacity for
coordinated adivity involving the arms, hands, and
fingers (and, potentially, movement of the feet). Per-
formanee was assessed using a lghted endoscopic box
trainer with a fixed overhead view projected onto a
laptop screen. A 4 x 8—inch piece of paper had a series
of l-inch-long maralle]l lines drawn perpendicular ©
and along the long border of the sheet Bach of 30
parallel lines was separated by 10 mm. Iistruments
were passed through openings in the front of the box
trainer. An endoscopic grasper was controlled by one
hand and used to hold the paper within the box.
End ic scissors were controlled by the other hand

& iomnal (scores range from 0.0 ©

their visuospatial,“™ perceptial®™ and psychomotor
abilities™ ™ (Table 4). *Visuospatial ability” is one
component of cogniive fundion that & relaed to the

and used to make cuts in the paper between the
designated lnes. The number of accurate paper cuts
(between, but not touching, the parallel lines) able to be

Fg 4. (A) Exterior view of the anterior aspect of a left shoulder modd ﬂm:ht&-mmmd in the beach.chatr arentason; a

hook probe s dd d through a mad

partal. (B) Arthrascopic view from the ansetosuperior portal of a left shoulder in

the Lieral decubtus orientason. The second anchar & In place with 155 sumres cursing toward the posterior poral; a sumre
hook device passes through the midamterior partal, plerces the bbrum, and delivers 3 monaofilament suture (10 be used Lser for

shutding).
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made in 60 seconds was tabulated. Two triaks were run,

one with the in the d t hand and the
other with them in the nondominant hand.
Study Groups

During the weekend courses, all groups were pro-
vided similar background shoulder instability lectures
that focused on indications, contraindications, and case-
tased examples. References to surgial technique were
avoided in the lecture presemtations. For each of the
3 groups, separate, dedicated, experienced Master and
Assodate Master AANA faculty members worked
closely with that cohont of residents. The duration of

R.L.ANGH.O ET AL.

Study in the hboratory using a cadaveric specimen
then followed under the direct supervision of an
experienced faculty member with knowledge of the
Bankart metrics. Presh frozen specimens with a com-
plete shoukder gindle from the scapula to the mid hu-
mens with associated soft tissues were used. After
appropriate thawing, the scapula was mounted with a
clamp in the surgeon’s orentation of preference
(lateral decubitus v beach chair). Bony bindmarks
were identified and marked with a surgical pen, por-
tals establshed and a diagnastic arthrascopy per-
formed. An ABR was generally the fist intra-anticular
procedure studied. Afier a Bankart lesion was created,

training was similar for each of the 3 groups. The
3 training curriculy are outlined in Figure 1. Alltraining
was @onducded at the Onthopedic Leaming Center
(OIC) in Rosemont, Dlnos.

Group A: Traditiona (Control). Group A was derived
from a cohort of PGY 4 and 5 residents who had
independently registered for a 3-day AANA Resident
Course at the OLC. The cumiculum involved equal
time spent on the practice of knee and shoukler

| which included an ABR. The registrants
oidlewmsewaepvmtheq’]mmnytolx
involved in the study but were not required to do so.
A cohort of 14 residenss (of a total of 48 registered
resilents), elected to panticipae in the research
project, and mmpleted an ABR at the end of their
course of training.

The 14 subjects in group A served as the contral group
and followed an agenda typical for an AANA Resident
Course (Fg 2). The cumiculum inchided lectures on
vanous topis inclixding shoulder instability. Knot-tying
skill was practiced under the direcion of an experi-
enced faculty member. Both sliding and non-sliding
knots, as well as half-hitches to secure the primary
knot, were practiced. Knot-tying boards provided the
opportunity to tie knots around hooks using large wrd
and/or No. 2 FiberWire suture (Arthrex, Naples, FI). In
addition, practice tying suture knots and delivering
them down an 8.5-mm arthroscopic @annuly was
afforded. Finally, knots coukd be created and delivered
through a cannula with the bop around a mandrel

practicc was conducted in the steps necessary to
mobilize the capsulolabral tissue and complete a 3-
anchor repair. Standard instruments for an ABR
were made awailable. A 45° cannulated suture hook
was the primary tool used to deliver sutures through
the apsublabral tisuve. Single-loaded push-in an-
chors and a simple loop suture pattern were used. The
resilents were able to continue with guided stdy on
the Bankart repair as long as desired and until they
believed they were profident. Subsequently, addi-
tiomal arthroscopic shoulder procedures @ukd be
electively studied as well.

Group B Smulitor. Multiple randomly selected resi-
dency program coordinators were notified of the op-
portunity for their residents © partidpate in this PRP
training stidy. The first 32 PGY 4 and 5 residents ©
register became the stixly participanss. Training for
groups B and C was conducted concurrendy at the OIC
but during a & ekend from group A training.
Of the 32 preregistered suly 16 were domly
assigned to 1 of 2 training protomls (group B or C)
based on a @mputer-generated random allocation™
(Fig 2). Of the 16 residents randomized to group B, 2
who were preregistered filed to show up for the
weekend counse; thus group B comprised 14
residents. The residents in group B engaged in knot-
tying stidy and practice similar to that for group A
until they believed they were profident. A series of 5
knot trials were then tied and bibeled in sequence for
Iaa' taulg erp B partidpants were afforded the

(smooth bar) using the AANA Fund k of
Arthroscopic Surgery Training workstation (Fig 3). The
omque dome eliminated direct surgeon view of the
knot being tied and required the use of triangulation
skilk. A small USB camera was directed through a
window in the dome with the image viewable on a
Laptop computer screen. The field of view ined the

y to train and practice an ABR
umga&y" kder model simul (Fig 4) secured
in the onentation of surgeon preference.’” A standard
equipment tower with a 30° arthroscope was
provided along with all instrumens necesary ©
complete an ABR. The simubior model was

knot being tied. The subject surgeon had the opportu-
nity to spend as much time practicing knots as desired
and until the participant believed he or she was profi-
cient A series of 5 knot trials were then tied and labeled
in for ber

"

e

psed of a dense plastic endoskeleton palpable
through simulsted skin and soft tissues. Posterior,
antercsuperior, and midanterior portals were created.
A glenoid, humeral head, biceps, apsule, and bhibrum,
in addition to Bankart and Hill-Sachs lesions, were
present and provided the opportunity to complete all
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of the steps de d in the ork videos for
an ABR. Work on the simulator continued as long as
the residents desired and until they believed they
were profident with the steps and sequences of the
capsulolsbral repair. Purther study and guided practice
of the steps for an ABR on a cadawernic specimen then
followed and continued as long as participants desired
and until they believed they were proficent

Group C: PEP. All residents randomized to group C
attended the course (n = 16) and were exposed to a
protocol dentical to that of group B with the additional
requirement of showing proficiency at various stages of
the training (Fig 2). Bach of the individual proficency
benchmarks for the procedural @mponents was
establshed based on the mean perd of

1861

instructor both believed the subject had adequately
prepared for testing.

A new simulstor model was then orented in the
resident’s position of preference. Equipment represen-
tatves from multiple different vendors served as sur-
gical xssstants and were randomly assigned ©
participating surgeons. The assistants were instructed ©
act only at the specific direction of the operating sur-
geon. Prompting and coaching (of technique) were
prohibited (the procedures were proctored by staff from
the OIC). The resident surgeon then proceeded ©
complete a disgnostic evaluation and perform a
3.anchor ABR atempting to mimic the key steps
identified in the orientation videos. By use of the
Bankart metric score sheet, 1 of 6 designated faculty

sqnmepm:psdcxpmmdammmdt
specific exercise.” 77 After arriving at the OIC, if
the resident had not yet taken and passed the
cognitive test online, @vering the validated manc
steps and errors de d in the on
videos, he or she was required to do so on site. A
minimum score of 84% was required © pass. Those
who initially failed continued to stidy thc material
and were provided additional hcuky

Knot-tying study progressed in a manner similar to
groups A and B. Once residents believed they had
mastered the knot-tying skilk, they had the opportu-
nity for the inwegrity of their knots to be tested using
the Pundammtis of Arthroscopic Surgery Training

knot r'?if desired. To pass, the
loop-knot ¢ 'hldl)'v less than 3 mm
when subjected 1 a static load of 15 1b for 15 seconds.
The benchmark was set at 3 minimum of 3 of 5 knots
meeting this standard. Once the formal testing process
began, the subject tied 5 knot trals which were
Lbeled in sequence. All 5 were then tested using the
tensiometer. Subjects who failed antinued to practice
until mnfidence was gained, and then the testing
sequence was repeated with a new series of 5 knots
being tied. This d until the resid
achieved proficiency or was ble to do so and failed
to showyrqmsm improvement in the knot-tying
skill set.

Work and practice then began with the same shoul-
der model simulator used by group B. The model was
onented according to physidan preference. Landmarks
were ientified, and posterior, midanterior, and ante-
rosuperior portaks were established. After a diagnostic

ination was perf d, the seps for a 3-anchor
Bankart repair were practiced. The faculty instructors
provided proximate feedback and recommended cor-
rections based on |he ]rcvmly defined step and emor
metrics d d in the onfentats vndens. Pncuoe
and faculty feedback inued th h

bers, inimately familiar with the Bankant metrics,
scored the subject in real time during the arthroscopic
repair on the simulator model. The simulstor bendh-
mark for a passing score on the shoulder model was
established from a prior study™ and inchaded a 3-
anchor repair with no more than 4 total emrors and
no more than 1 sentinel eror. If a resident hiled ©
meet the benchmark, the faculty who swmred the model
test, the assigned training instructor, and the resident
all conferred to identify the specfic deficiences
exhibited and the appropriate comrections. The subjeat
then worked towand acquisition of the requisie skills
with instructor guidance. When confident, the subjeat
was given 1 additional opportunity to repeat the scored
procedure on a new maodel. In a normal PBP protocad,
residents who faill to meet each of the nemediate
proficency benchmarks would not be allowed ©
progress in training and would require additional
practice until the deficiencies were @rrected (and
woukd not be allowed to progress to working with the
cadaver). Howewer, given the artificial finite ime con-
straints of the study weekend, all group C participants,
regardless of persistent deficiencies, were allowed ©
proceed to pracgtice with a cadaveric specmen and
guided instruction similar to groups A and B.

Final Videotaped Bankart Repair Assessment

At the completion of their respective courses, the
subjects from each group perdformed an assisted,
unaided an.hroanopic diagnostic survey and a 3-anchor
Bankant upur on a fresh cadaveric shoukder. The
cadaweric s were e red ptable if
(1) arthroscopic visibility of the target tisues was
obtainable; (2) the specimen permitied adequate access
to the target tissues (fexibility); and (3) the integrity of
the capsulolabral tisues was sufficent to permit
mobilization, suture delivery, and knot tying. All
necessary instrumentation and implants were made
awilable. Residents participating in the course served as

procedure until the subject and hn or het famhy

for each other. They were instructed © aat
only at the request of the operating surgeon and were
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prevented from coaching or prompting. The OLC staff
prociored the procedures for compliance.

The procedure was videotaped in it entirety begin-
mgmmd!lmlvtwhmt}:msmpﬂul.ﬂ!

ilent surgeon mapped the bony landmarks and then
aaedhsorherpmtmdmk Allota ]lmlon(rl
the i o The

mhwwswnhdnmandamdatdvmwd
eotaped for 5 seconds to signal that the subject surgeon
was no longer operating. One of 4 designated faculty
members then reintroduced the arthroscope and, using
a sharp elevawor from either the anterosuperior portal
midanterior portal, or both, created a standarnd Bankart
lesion, 6 to 9 mm deep (medial from the bony rim) and
from the 2- to 6-0'dock position along the glenoid.
Once the Bankan ksion was created, care was taken to
avoid additiomal mobilimtion of the capsulolabral 6is-

R.L.ANGH.O ET AL.

Video Reviewer Training

Once the construction of the metrics for an ABR was
completed and face and content validity verified,” a
final version of a swre sheet was formatted. Ten
Master/Associate Master AANA  Bculty surgeons
formed the panel of reviewers designated to score the
videas. This group included the 3 arthrascopic surgeons
(RLA., RKN.R, and R.A_P.) who, in conjunction with
a onsulant experimental psychologist (A.G.G).
deweloped the arthroscopic Bankart metric definit
(Table 1). The 10 reviewers were randomly asigned ©
form 5 fixed peirs, which remained @nstant
throughout the scoring of all videos. Reviewer training
was initiated with an 8 hour in-person meeting during
which time each metric was studied in detail. Multiple
video examples of ive patient @ses were shown ©

sue. The arthroscope was then withdrawn, and a green
card was videotaped for 5 ds, signaling that the
subject surgeon was operating for lhebalanne of the

o] The arthr Pe was rei duced into the
yenohunznl joint by the subject surgeon, and any
remaining elements of the diagnostic surwy were
completed. The subject then perf d a 3-anch
Bankart repair, attempting to mimic the steps demon-
strated in the ori jon videos and practiced in the
simulation model.

All subject surgeons used identical implants: single-
aded (2.8mm) Gryphon push-in anchors with a
single No. 2 Orthocord (DePuy Mitek, Raynham, MA).
A 45° cannulated suture hook was used to deliver a
shuttling devwe with muopade passage of the anchor
sutures through the cay Before work
wsbegunond:eﬁmlwmed&nkmrepn in-
structions were given to all residents regarding the
protocol for anchor pullout from cadaveric bone. If an
anchor failed prior © completion of the index sliding
knot, the surgeon was permitted to remowe the anchor
and suture and to replace it with a metal 5.5-mm
screw-in anchor (Smith 5 Nephew, Andover, MA).
The proced then ¢ d with no penalty. The
time required for the reintroducton of the screw-in
anchor and re-passage of the anchor suture through
the capsulolabral tissue was subtracted from the total
procedure time. If the anchor failed subsequent to the
initial shding knot being completed (i.e., efforts © back
up the primary knot with half-hitches), the surgeon
was instructed to abandon the first anchor position and
¥ d to the 4 hor position. No time hmit
was imposed on the performance of the Bankart repair,
and participants were able to continue © work as long
as they bebeved they were making progress. At the
paint in the procedure when the subject surgeons did
not believe they could make further progress in the
Bankart repair, they wukd electively choose to termi-
nate the procedure.

ilh each parnticular metric. Videos of patients in
both the Lateral decubitus and beach chair orientations
were represented. Discussion helped to clarify how
each siep and error were to be scored, inclixding the
nuanaes and @nwentions to be uwsed Several weeks
later, full-length practice videos 1 and 2 (one each in
the lateral decubitus and beach-chair orientation) were
sent to and independently saored by each of the 10
reviewers, and the scores were tabulated. During 2
subsequent 2-hour group phone conferences, the dif-
ferences and discrepancies among all reviewers were
compared and discussed, seeking anformity in scoring.
In addition, each designated pair of reviewers con-
ducted 1 to 3 additional phone conferences to analyze
the specific instances in which the two of them scored
panticular events differently. Sulsequently, all re-

viewers smred practice videas 3 and 4 (with each -

tient ion again rey d), and the results
were tabulated. The scores for each of the 5 designated
pairs of reviewers were compared for the second set of
practice videas. In only 1 of 10 comparisons (2 videos x
5 reviewer pairs) did the iner-rater relisbility (IRR)
(Table 1) cakulation (a5 discussed later) fall below an
aceptable level” of 0.8, at 0.76. Thus, confidence was
established that the future scoring of the videos
generated by the paricipanss of this study could be

acmmplished with a high IRR.
Video Scoring
The AANA h di <!

t.he“ﬁil-kx‘d:smdyvﬂeos ud'lwnhonlythe

ifying number attached, to a
su‘le mir of reviewers. Other than the research coor-
dinator and the study consultant all video reviewers
remained blinded to the source of the video being
reviewed. Bach video was independently reviewed and
soored by the 2 bers of an assigned mir of
reviewers. All scores were tabulated for each of the 13
phases of the procedure. Bach step and error metnc
were scored a5 either yes or no, designating whether
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. Steps completed

Maan no. of steps completod and
95% Confidence Intery sk
#
L

M T T v
A B C
Groups
Fig 5. Mean number of Bankan procedure sieps (and 95%
fick ntervak) pleted for each study group. The
probability values observed for differences n performance
were as follows: P < 001 benween group C and group A; ' <
1001 between group C and group B.

the specific event was or was nat olserved to have
ourred by the reviewer. In addition to saring of steps
and errors, each event characterized as “damage to
nontarget isue” (Table 1) (e.g., gouging the articular
cartilage or tearing of the capsule) was scored. There
was no Emit to the number of individual i in
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SPSS statistical software program; IBM, Ammonk, NY).
Purthermore, for the entire procedure, the total
numbers of steps completed, erors made, and sentinel
ermors enacted were also averaged for the pair of re-
viewers. The subject’s operative time was obtained by
subtracting the faculty time to create the Bankarnt kesion
from the total recording time for the prowedure.

The 2 raw score sheets from the designated pair of
reviewers were compared for each of the individual
steps (n = 45), and the number of agreements (ether
both reviewers documented that a step was performed
or both scored the step as not being completed) was
tabulated. In addition, the ber of disagr in
sooring steps (one of the reviewers indicated that the
step had been completed and the other indicated that
the step had not) was tabulated. ’I’heI'RR ﬁrthestqn
was cakulsted rding to the f g
Agreements/(Agreements + Disagreements).

In a similar manner, there was either agreement or
dissgreement in the 2 scores for each of the potential
ermors (n = 77). The IRR for error scoring was calcu-
lated in the same manner as that for the steps. Fmally,
the IRR for 13 the entire procedure was cakculated
using both the step and error agreements or disagree -
ments for the complete pmoeduw (n = 122) The

aceptable IRR was defined as 0.80 or g
Statistical Methods

The analyss was conducked a5 a series of multiple
regr The o iables (covariates) were

which damage to non-target tisue could be scored,
with each oxcurrence talied as a single error event. The
score sheet also aontined a box for spedfic reviewer
comments for each metric.

Score Tabulation
Pauchdthel}sqwuephaxsofdlemncedme.
the bers of u leted steps and errors made
were tabulated and t.he swres for the 2 reviewers
averaged. Purthermore, for each ab,ectthes!pand

the 3 inerventon wmnditions, that & PBP plus simu-
lator (condiion C), smulator (conditon B), and tradi-
tional training (condition A). Group C was used as the
reference mnditon within the analysis. As a check on
the veracity and stability of the results, all of the ana-
lysc wu'eaho amduacd using Pﬂann legtsm The
ive  interpr unch
regardless of the model used. AI of the reported PGIIB
are hased on the analyses from the multiple regressions.
Pmﬂ:a'ﬂme. a bogistic regression analysis was per-

error data were pooled for the 3 repetitive ¥

of the procedure: (1) anchor preparation, (2) suture
passage /management, and (3) knot tying. These data
were used to determine which of the procedural phases
showed the greatest differences in performance among
the groups (1-factor analysis of variane: analyss) (BM

Table 5. Regression Analysts of Sweps Completed

fi d to esti the probability of those trainees
from the different training cm'm'uh being able to attain
the proficency bencimark for the final ABR.

A seoondary amalysis was conducted © evaluate the
subset of group C subjects who successfully met all of
the imtermediate benchmarks throughout training,

1 dired Coelli Gexts Suan dardized Coellice nas
Model B SE [ [ P Valoe
Refewnce grouge 42167 0518 68225 < 001
woup C (comssant)
Guup A -31833 0927 -0.5% —4.135 < 001
Guoup B —-4702 0590 -0.715 ~5.286 < 001
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ﬂudygoup.ﬂlepow values abserved for differences in
performance were as follows: P = 01 baween group C and
mk'? = 049 between grouwp C and group B.

designated as group €. Group €7 was evaluated for
the same performance metrics as the other groups,
which included steps, errors, sentinel errors, and time,
as well as the probability of attaining the benchmark on
the final repair. All of the participants in group C fol-
lowed the PRP training “a:miculum.” The PRP “prow-
cal,” in distinction, would only permit thase individuaks
who meet each intermediate proficiency benchmark to
progress in training (group €™ ) (Fig 2).

Results

The mean and standard deviation scores on the
haseline assessments of pereeptual, visuospatial, and
psychomotor performance are shown in Table 4.
Although group A performed somewhat better on the
psychomotor test than groups B and C, these differ-
ences were not statistically significant.
Intermediate Proficiency Training Benchmarks for
Group C

All 16 participants in group C were able to obtain a
passing score on the cognitive examination, although
several required additional instruction after failing to

Table 6. Regression Analysts of Errors Made

R L.ANGH.O ET AL.

achieve a passing saore of 84% on theirinitial test. One
subject from this group was unable to show proficency
inknot tying despite repeated training and practice. Six
group C participants filed their first attempt © meet
the benchmark for a RBankart repair on the smulator
maodel. After additional guided training and practice, 2
of 6 were able to show proficiency on their second
atempt with the shoulder model. Of the 4 participants
who were unable to show proficiency on the model,
one of whom was also the panticipant who failed ©
show proficency at knot tying. Thus 12 of 16 group C
subjects met all of the intermediate proficency bench-
marks during training. On the basis of the PBP protocal,
these 12 (designated group C7™) would have been the
only partidpants from group C allowed to progress ©
working on the cadaver.

Final Cadaveric Bankart Assessment

Two cadavers, 1 each from groups B and C, failed ©
meet the acceptability criteria and were replaced with
better specimens. The video reconding was restarted
with the onset of work on the replacement specimen.
For the 44 videos scored, the mean RR for the total
number of steps performed and errors made was 0.93
(range, 0.84 © 0.99; SD, 0.04).

Incomplete Final Procedures
Of all 44 subjects, only 3 filed to complete their final
Bankart repairon a cadaveric shoulder. Two individuals
from group A were only able to finish the first anchor
with an awerage of 16.25 steps @mplewed, 7 emors
made, and 0.5 sentinel ermors enacted. They waorked for
anawerage of 9 minutes. In group C, 1 subject had the
first anchor pullout during efforts to deliver and secure
the primary suture knot, and this subject elected not ©
replace that anchor (although the subject could have
dmle so acmrding to the anchor pullml pratocol). The
J, pl ‘alloflhe d and third anchor
ponents thus perf g only a 2-anchor final
repair, which was deuncd mmmplec During this
procedure, an average of 37 steps were completed,
along with 4 errors made and 0 sentinel errors enacted.
The operative time was 92 minutes. This subject was
the one who had previously failed to show proficency
both on knot tying and on the shoulder maodel repair
components of the training curficulum and would nat

Vet anda rdive d Coe thcie s Sundardived Coclli dexts
Model B SE [ ! P Valoe
Relexme gour 2500 0&19 3173 D03
goup C (corssnt)
Guoup A 3275 1229 0444 2445 on
Guoup B 2400 LY 0339 2035 049
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Sentinel errors

2.5
2.0 l L
15 l
1.0

Groups
FAg 7. Mean number of sentnel errors enacied for each sudy
group. The probability values observed for differences n
performance were & follows: P = 023 betweengroup C and
group A 'P = 351 between growp C and group B.

nommally have been allowed © progress to training
with the adaver. It was not possible © estimae or
accurately extrapolate the number of ermors, number of
sentinel errors, or ime for the 3 incomplete procedures.
Thus, for the comparatve analysis of the 3 groups for
steps, errors, sentinel emors, and time, group A
comprised 12 subjects, group B comprised 14 and
group C comprised 15.

Steps Completed

Figure 5 shows the mean values and 95% confidence
intervals (CIs) of procedure steps completed by groups
A B, and C. Groups A and B completed a similar
number of procedure steps, whereas group C, on
average, completed 4 more steps. The differences be-
tween the groups’ performances using the regression
maoxdel with group C as the reference group are sum-
marized in Table 5. The results showed that group C
completed, onaverage, 42.2 procedure steps. Subjects
ingroup A completed 3.8 fewer steps, whereas those in
group B completed 4.7 fewer steps. Both of these dif-
ferences were statistically significanmt (P < .001 for
group C vgroup Aand P < 001 forgroup Cvgroup B).

Table 7. Regression Analysts of Sentnel Brrors Made
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Procedure Errors

The meannumber of errors and 95 % CE for each group
are shown in Figure 6. The mean number of errors among
subjects in group C was 2.6 (Table 6). On average, the
subjectsin group A made 3.3 more errors whereas those
ingroup B made 2.4 more emrors than thase ingroup C.
Bothof these differe noes werestatistical ly signi ficant (P=
011 for group C vgroup A and P = .49 for group Cv
group B). Owerall, the subjects in group C showed a 56%
reductionin themean number of errorsover group A and
241 % reduction over the number of errors made by those
in group B. The participants in group C were also more
consistent, with the range in number of erors much
smaller when compared with groups A and B

Sentinel Errors

The mean values and 95% Cls for sentinel emrors are
shown in Figure 7. Onawrage, the subjects in group C
made 0.53 sentinel errors, whereas thase in group A
made 1.175 more sentinel errors and those in group B
made 0.43 more sentinel errors (Table 7). The differ-
ence between group A and group C for sentinel emrors
was statstially significant (P = .017), but the difference
between group C and group B was not. Owrall, the
subjects in group C made 69% fewer sentinel emrors
than those in group A and 44% fewer than group B.

Bankart Performance Time

The mean values and 95% Ck for ime taken by the
groups to perform the index procedure are shown in
Figure 8. Groups A, B, and C took a similar amount of
time to plete the proeed with no significant
differences olserved (Table 8).

Analysis of Group C*™

A secondary analysis was conducted to determine
the performance of the 12 group C™ subjeas.
The differences between the mean scores of group
C™ and those of group C were cakulated. The dif-
ference in steps completed was marginal (4246 for
group C™™ v 422 for group C). The emor amalysis
showed that 12% fewer errors were made (2.29 for
group C™™ v 2.6 for group C), 6% fewer sentinel
errors were made (0.5 for group 7 v 0.53 for group
C), and 4% less time was required to complete the
procedure (77.17 minutes for group C°° v 8044
minutes for group C).

Do anda sfive d Coe ificie 1as Sundardieed Coelhidens
Model B SE B ! PValoe
Refewnce grougp: guoup C (commtan) 0533 0313 1706 [
Guup A 1175 0.449 oas 2506 o0y
Goup B 0431 0450 0062 0958 344
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Final Bankart Proficiency Benchmark
The proficency benchmark (set as the mean perdor-
mance of an expernenced group of surgeons) had
viously been blished for a adaveric shoukle
no more than 3 wotal errors (1 less error than the
smulator model benchmark) and no more than 1
inel error. In addition, a 3 hor Bankant repair
must have been wmpleted. Overall 28.6% of group A
subjects (4 of 14), 36.7% of group B (5 of 14), 68.7% of
group C (11 of 16), and 75% of group C™ (9 of 12)
were able 1 achieve the final proficiency benchmark.
Logistic regression analysis for the relative differences
between the control condition (group A, traditionally
trained group) and group B (simulator), group C
(smulstor + BPB cumiculum), and group €
(simulstor + PBP protocol) wsperimnedmduxdto
determine the oddsratios for the comparisons. Relaty

R.L.ANGH.O ET AL.

had a 36.4% greawer probability of achieving the final
benchmark than thase in the entire groupC.

Discussion

PBP Paradigm

Two primary conchsions can be drawn from the data
in this study. First, the performance of the entire group C
on the final Bankant evaluation shows that the PRP
curficulum using smulation is superior both to the
traditional curriculum (group A) and to the curfiailum
identical to that in group C (inclixding the use of the
simulator) but without the requirement © show profi-
am(mn) < "l u! ) of cﬂ'
shows the superiority of the FBPptmocd itself, in which
only those trainees who meet each sequential interme -
diate profidency benchmark during training are
permitted to progress in the cumiculum. The most
important and revealing comparison of the 3 uuw
pr ks, therefore, es groups A, B, and C
The subjects in group C° performed more of the
operative steps butdid not take significantly longer to do
s0. They ako made significantly fewer objectively
asessed intraoperative ermmors and were over 7 times
more likely to achieve the final benchmark than those in
group A, who followed a traditional training pathway.

The pedormance of group B was only marginally
better than that of group A and this finding
sludsthnn is not simply awess to working with the

that is imy Rather, it & the
metrt-dqrendan PBP curnculum coupled with the
1 that opfimi the effectn of the

training. The findings of this inwestigation strongly
support the “outcomes” (objective asessments )—bhased
approach rather than the “process” (time spent/expo-
sure ganed)—-based appraach © graduste medial
education advocated by the Institute of Medicine.”
Because of the antificial constraint of a imited period

group A, group B subjects were 1.4 times (P = . un,
group C subjects were 5.5 times (P = .033), and group
C™ subjectswere 7.5 times (P= 024)as likely 1 achieve
the final quantitatively defined proficiency benchmark.
Only the mmpar of proficency b n group A
admc,swdlashtmgmAadmC"'
were statistically significant (Fig 9). Trainees in group ™

Table 8 Regression Analysts of Time Taken

for training (a weekend course), all members of group
C were allowed to progress and practice with the
cadaver and participate in the final Bankant asessment
whether they met all of the intermediate benchmarks
or not. During the training process, 25% of the subjects
in group C failed to show proficiency during the knot-
tying phxse or on the shouker simulaton model
(1 subject failed both). These individual pedformances

Drnita ndardived Coedli et s Suan dardized Cocllice s
Model B SE § ] P Valoe
Relerme pou CrEn) 1455 18055 < 001
woup C (coussany)
Guup A Qs34 4522 008 007 K)2)
Guoup B - 13009 4522 -03% -1.995 053

B, bew; B, sumndardi ol beti SE, tandasd ermr; | (60 skt

381



PROFICTENCY-EASED PROGRESSION TRAINING

are, thus, not representative of the PBP pratocol and
diminish the performance of group C as a whole. Had
these 4 subjects had additional time and further
opportunities to show proficency, it & likely that they
may have been able to do so.

Overall, confidence in the dbserved effects of the
training methods was high, There were no statisti-
cally significant differences between the groups on
pre-murse, baseline visuospatial perceptual, or psy-
chomotor asesments. I\lnhennon. the blinded and
objectively d pedformances of the
subjects’ final Bmkan mpnrs were saored with a
consistently high IRR (>90% agreement between the
raters for all assessments, with none falling below 80%).

Performance Outliers

1867

experience. Simple knowledge of the metrics (steps and

ermors) and the opportunity to practice with expen

feedback (group A, traditional AANA Resident Course)
resulted in an inferior demonstraton of arthroscopic

Bankant skills. Purthermore, the addition of the op-

portunity to work with the simulator (group B) resulted

in a modest improvement in performance over the
control (group A). The use of the metric-dependent PRP

curiculum @upled with the simulator (group C)

resulted in the acquisition of a statistically superior ABR

skill set. Multiple potential reasons exist for the supe-
riority of this protocok:

1. The requirement to obtain a passing score on the
cognitive examination at the outset ensures that the
tainee & very bmiliar with the seps to be
completed and errors to be avoided for the reference

For the 2 group A subjects who effectively leted
only a l-anchor Bankart repair, nspanethauhcy
woukl have enacted sulstantially more ermors during a
complete 3-anchor procedure. It was not possible to
accurately estimate the total number of emors that
woukl have been enacted for a full repair. Conse-
quently, all of their data (including steps completed and
errors enacted) had to be excluded from the statists
analysis. The necessary exclusion of these 2 subjects’
data results inan owerestimation of the performance of
group A as a whole. The 1 group C subject whose repair
was considered incomplete abandoned the effort on the
first anchor repair because this subject was unable to
complete the knottying steps. This subject did, how-
ever, complete the second and thind anchor compo-
nents of the repair and, along with performing 37 steps,
made only 4 emmors and no sentinel errors. Thus the
subject's overall performance was not substantially
different from group C as a whole.

PBP Superiority
An important finding from this study is that the
training process must be more than an educational

Ag 9. Odds ratis and stagsscal signefi.
ance of differences between group A and
groups B, C, and €™ for final Bankan
proficlency demaonstragon. (PBP,
proficlency-hased progression.)

29%  Greup
(Teacktinnal courmn)

Group C
[Sirnudator « PEP ‘carncufun’)

36% g
(Siruator)

Tepair.

. Proximate feedback linked to established and vali-
dated metrics facilitaies the prompt, specific and
effective mrrection of errors.

3. Deliberate practice’” in attempting to mimic the
specific skills demonstrated in the orientation videos
ensures uniformity in acquinng the esential skills
needed to perform the reference procedure.

4. The medium-fidelity simulator provides the oppor-
tunity for practice and repetition of the important
skills necesary for effecive perdformance of a
Bankart repair.

5. The validated pedformance benchmark for the
simulator serves a5 an intermediate asessment tool
and helps identify individual trainee deficiencies
requinng comedion.

6. The tainee’s knowledge of the requirement 1 show
profidency by meeting each of the inermediate
benchmarks © be able © progress in training helps
the trainee focus on acquiring the necessary skills.

7. Trainee performanceata quality-assured performance
levelbased on validated metrics must be shown.”* 7%

~

75%

'
[Sirudator + PSP jroocel)

Proficiency
Demonstrated

— O Rats = L4
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Metric-Based Curriculum

There are a number of unique aspects to this study,
and they primarily relate to the dewelopment and use
of the procedural metrics. This is the first simulaton-
tased stixdy, to our knowledge, in which the metric
characterization and validation of a complete proce-
dmhmhecnmedmn.'l’hsefbnmﬂuw
investigate the merits of the emerging paradigm shift
in surgical skills training from the amrmﬁnuhip
maodel to a PBP and, dy,
known as the AANA Copemicus Imha:w: (Nicolaus
Copemicus & credited with the paradigm shift from
the earth to the sun being considered the center of the
universe). In the approach reported on in this study,
the smulation was simply one of the vehicles for the
delivery of a metricbased training cumriculum. Much
of the effort focused on the development and walida-
tion of ic-based perf characteristics that
appropriately captured a reference approach to the
performance of an ABR.™ Pace validity and content
wvalidity for the Bankant metrics were verified using a
modified Delphi panel meeting with Maur and
Associate Master AANA shoulder faculty.” The
constrct vaidny of the mem coupled with the
shoulder simul del” and separately with a
cadaveric shoulder™ was confirmed. On the basis of
these results, specific pedformance benchmarks were
established separately for the shoulder model and for
the adaveric specimens.

The approach to the of perf in
this study uses precse metric definitions of perfor-
mance anxd simply requires the scorer to determine
whether a specific event did or did not occur. This bi-
nary approach to the measurement of perfs has

R.L.ANGH.O ET AL.

maodel) to be used for training and assessment. This
medium-fidelity platiorm & relatively inexpensive, is
readily available, and serves as an acqurate represen-
tation of the human shoulder joint. One shontcoming of
a physical simulator, howewer, & that it is unable ©
capture any perk data or provide feedback ©
the trainee. A significant investment in time and effort
for mstructional faculty and video reviewers was
required 1 obtain detailed dataand formulate accurate
perfor The app h wed for
simulation-tased training in this stixly, nevertheless,
hads considerable promise in the short-term because
the vast majority of surgical procedures (particulardy for
traditional open surgery) hawe no virtual reality plat-
form. Relative to higher-fidelity computer-based sim-

L physical simulat els are much easier ©
dewelop in an expedient manner. This capability affords
the surgical mmmtydleommmty todcvdopPBP
simulation- based in are
amumdtnnefmuadmmnl and new surgical pro-
cedures. The crudal element in terms of the efiective-
ness of any simulstor will be its coupling with
appropriae and accurate metric-based characernza-
tions and the “operational definitons” (Table 1) for
those metrics.

Stixlies assessing the value of smulation in surgial
skills education and training have begun to emerge. We
were unable to find any studies in the hterature with
which © € our inwestigats Prank et al.*?
perdormed a systematic review of the published litera-
ture (19 stdies) on modern arthroscopic simulator
training models. The analysis suggested that practice on
anhruoq-c simulators improves peformanca: on the

1 but evidence that skilk obtained during

been shown o fadlitate the reliable saoring of metric-
tased performance units acrass a variety of functions
during skilks training’ > "7 with different experience
levels. 7™ In contrast, Likertscale asessments
(Table 1) result in a les focused appmd: to mini-
mizing emors b the from
optimal pedformance are less deady defined.”” A
Likert-type scale & a method of ascribing a quantitative
vale © qualitatve data to make it amemable to sta-
tistical analysis and was originally designed to assess a
range of respondent attitudes.'” Beause of the
inherent subjectivity in this method of attempting to
rate objective performance, it an be difficult © obtain

lewelk of IRR (>80%) in the scoring of
events.'” Tt has been shown that Likent-scale scoring
may be less reliable than metric-based assesments’’
and simply gives the trainee feedtadk information on
the glotal aspects of his or her perdformance.

Simulation Platforms
The detsiled metri platform
that already existed (an anatomically accurate shoukler

abled a simulats

il ining are sferred to the of ing room
ishddrg,Cammaal.“ snd.iedtheinqnclon
transfer of training using the ArthroSim (TolTech,
Aurora, CO) virtual reality arthroscopic knee simulator,
which has previously been shown to have construat
validity.** The PGY 3 ornth dic resid who d
on the simulator (for an averqeof 11 hours) showed
greater proficency on a live diagnostic knee arthros-
copy than the control group trained in a traditional
fashion. They perdformed sgnificantly better on the
procedural checkdist and asesment of probing skills
but not on the asesment of visualzation skills.

Implications

For well over a century, the apprenticeship model has
been the predominant method used to assist surgial
trainees in skill acquisiton and preparation for the
practice of surgery. A paradigm of repeated observation
in addition © graded, enhanced responsibility and in-
dependenee during operations of increasing echnial
complexity has been used Although reasonably effec-
tive, this approach is inefficent and produces
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cnsiderable variability in the skill sets obtained by
trainees with equivalent time exposure and experi-
ence.” Alternatively, PRP training using simulation
emables tminees 0 focus on the acquisition of specific

dural skills, their progress, and comrect
dcﬁctnus. It & through the process of deliberate
practice® that they leam not only what to do but,
perhaps more importanty, what not to do. The trainee
is thus able to enact errors and kam to comect them in
an incnsequential manner and without risk © pa-
tients. In addition, this structured approach promotes
the agquisiion of a more homogeneous skill set at the
completion of training.*?

One of the of the medical ¢ nity prior
to this stixly was the generalizmbility of simulation-
tesed training. Even simulation enthusiasts harbor the
omeem that simulation-based training effectiveness
may be, in part, a function of the effort that enthusiasts
put into the training initiatives and the reported sai-
ence. The results of this study showed that simulation-
tosed training & wery effective, even when appled
across a large number of residents from training pro-
grams throughout the United States using facilty
equally dispersed. One of the reasons for this sucess
was our deliberate choice of a reference qmmach ba
particular procedure. This hod of .
means that at the outset of their leaming a particular
procedure, trainees do not have a myriad of approaches
and techniques to master. They can develop their own
surgical style once they have aqquired safe operative
skills for the reference approach.

Limitations
Other than their year in training, no additional in-
formation regarding the participants was awailable. The
extent of an individual resident’s arthroswpic surgery
exposure amxd experience, particularly shoukder
mhmswpy was likely variable. The diverse group of
Y rogs rey d (21) and the fact that
residents from an individual program were randomizd
to different training protocols should have minimizd
any selection bias. Although the residents in group A
performed the best overall on the baseline visuospatial,

¥ L and r-:-L the

hetmen-goup differences were not  statistically
signi ficant.

The ber of lled was based, in

part, on previous sudts (eg. Seymour et al%) and
sao(mthtiyonthelogsuc chdlzngsdhavu‘ more
than 12 simuh £ at the OLC
during the final &nkm I!plll‘ Because there were
more than llpxrtqmsmeachold\epoup.dle

! were andomly assigned to flights to complete
tlur videotaped repair. The 14 group A residents were
rs from a 1 AANA Resident Course, and

their Bankm rewrding was performed over 2 flights.
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Training for the 14 group B and 16 group C parnticipants
was conducted on a separate stdy weekend. The final
Bankart repair for these 2 groups required 3 flights of
surgical procedures, some of which lasted 2 hours. With
turnover, 8 hours were required to record the 3 flights
(30 total recordings).

Ttisacknowledged that conducting an analysis of PRP
training during the finite time period of a weekend
course imposes an anificial constraint. PRP training
dicawes that the trainee mntinue © study and practice
as long a5 it takes to master the requisite skilk. It is
probable that most of the manticipants in group C who
didnotreach all of the intermediate benchmarks during
the weekend murse would ikely have been able to do
so with additional training and practice. Furthermore, it
was not the intent of this investigation to stixly the
efficency of individual resident’s skill acquisition or
residents’ effidency in perfa’mm the mdex pooadum
The efficiency of the PBP g 7 L is
clearly implied. In essentially the same time frame as
the other groups, a substantially greater percentage of
residents trained using the PP protocol coupled with
simulation achieved the final benchmark compared
with those participating in the other training methods.

The final proficiency was perfs d using
cadaweric shoulders. The specimen size, tisue compli-
ance, and extent of pre-existing glenohumenal patha-
ogy likely introduced some inherent variability in the
cadaweric shoulders. The impact of these differences
was minimizd by using the previously described
aceeptability criteria: Those specimens deemed unsuit-
able for an ABR were replxced and a new video
recording was initiated.

Finally, all partidpants and faculty for each of the 3
study groups were provided a ink to 2 full-length
videas (lateral decubitus and beach chair) demon-
strating each of the 45 steps and showing or identifying
all of the errors and sentinel errors. Although the link
was provided to all participanss and faculty 1 month
before the course in which they were invaved, we
have no record of how often they viewed or studied the
videos.

Conclusions
A PBP training curriculum and pratocol mupled with
the use of a shoulder model simulator and previously
validated metrics produees a superior arthroscopic
Bankart skill set when compared with traditional and
simulatorenhanced training methods.
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