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Abstract

This study aimed to examine whether flywheel resistance exercise training
improved muscle strength, muscle power and physical function in older adults.
Thirty-six older adults (64 + 5 years) were randomly allocated to either a flywheel
resistance exercise training group (ETG; n = 18) or a control group (CON; n = 18).
Subjects in the ETG underwent 6 weeks of resistance training on a flywheel squat
device (4 sets of 9 maximal repetitions). Isokinetic concentric (60°/s and 240°/s)
and eccentric (120°/s) knee extension and flexion peak torques and mean power
were measured. Physical function was assessed by the 30 second Chair Sit-Stand
Test (CST) and walking speed. After the intervention within-group analyses showed
significantly greater flexion torques and mean power with the dominant leg
(concentric at 60°/s and 240°/s and eccentric at 120°/s; all d >0.7, p<0.05) and
improvements in CST (d >0.8) in the ETG group, while no substantial differences
were found in CON group. Significant between group differences in knee flexion
torque both concentric (at 60°/s: 2=0.168 and 240°/s: 2=0.112) and eccentric (at
120°/s: n2=.103) with the dominant leg were also found in favour of the ETG group.
There was also significantly better performance in the CST test for the ETG
(n2=0.207). There were significant associations between changes in strength and
changes in mean power in the ETG. Changes in physical function outcomes were also
observed. In conclusion, flywheel resistance exercise training is an appropriate form

of activity for improving strength and functional capacity of older adults.

KEYWORDS: Strength; mobility; physical function, inertial training; elderly
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INTRODUCTION

Aging is accompanied by significant changes in the musculoskeletal system (e.g.,
decreased muscle mass, muscle weakness, and reduced gait speed), which often
leads to a deterioration in the performance of daily activities (15,21). Impaired
mobility and reduced physical capability in older adults is often related to a lack of
physical activity, which is the most prevalent risk factor associated with functional
decline and loss of independence (1). Loss of muscle power is also considered a
powerful predictor of functional disability in older adults (38). Physical exercise is
essential to mantain mobility and can inhibit the effects of aging on functional
capacity in older people (38). It has been shown that physical exercise interventions
improve functional capacity and the ability to perform daily acitivities in older
adults (12), however, the implementation of these programs remains inadequate.
There is still a need to define exercise prescription strategies to improve the

functional capacity in this population (5).

Strengthening of the lower-limb muscles in older adults may improve the ability to
perform activities of daily living and improve functional mobility (3). The benefits
of strength-based interventions in reversing age-related decline in muscle mass and
physical function have been confirmed, and these strategies are well tolerated by
older adults (27). Indeed muscle power output preservation is considered one of the
main strategies for counteracting age-related decrease in muscle mass (30). There
is evidence that eccentric strength is maintained with age in older adults (33) and it
is recognised that eccentric muscle contractions are intrinsic to many daily
activities. This has led some authors to suggest that eccentric exercises provide

additional benefits above standard exercises in this population (14). It has been
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suggested that strength-training regimes that incorporate a combination of
concentric and eccentric muscle loading would be an effective way to improve
functional status and could lead to better strength gains in older adults, when
compared to standard strength exercises (7,12,14). Devices such as isokinetic
machines or eccentric ergometers, may allow eccentric resistance-training

programs in older adults with reduced strength (33).

There is greater acceptance of eccentric-based protocols for clinical purposes (18)
and previous studies in older adults found improvements in maximal strength
(improvements ranging from 8 to 60%) (16,18,22,26,28,29), and clinically
meaningful improvement in functional mobility (16,22,28,37). However, many of
the programs previously used have been performed using costly equipment or
needed clinician support to facilitate the exercise load. To address these challenges,
inertial flywheel devices have emerged as an alternative to gravity dependent
weights, allowing participants to produce greater force, power, and improve muscle
mass and neural adaptations, than traditional strength training programs (10,24-
26). It has been suggested that inertial flywheel devices are particularly effective for
training the lower-limb muscles in older people (26), which of course is essential for

daily activities in older adults (35).

To date only one study, using a flywheel eccentric exercise-based intervention, has
been completed in older adults (26). Onambélé et al. (26), tested peak power in
knee extension and unilateral isometric knee extension, however, these authors did
not test the relationship between muscle power and improvements in functional

capacity. Moreover, Onambélé et al. (26) employed a leg-extension machine in their
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study, which is biomechanically different from normal functional activities, such as
walking or chair rising. There is, therefore, little support in the literature to justify
the inclusion of these exercise modalities when aiming to improve functional
abilities (i.e., sit-to-stand or walking ability) in older adults. Gluchowski et al. (12)
also highlighted the need to assess whether exercises focusing on eccentric actions
may lead to functional improvement in this population, we therefore conducted this
study to examine whether flywheel resistance exercise training improves muscle
strength, muscle power and physical function in older adults. We hypothesized that
this type of training would result in increased muscle force and power, and that
these adaptations would be accompanied by improved sit-to-stand ability and

walking speed performance.

METHODS

Experimental Approach

The study was a 2-site, single-blinded, parallel group, randomised controlled trial,
designed to determine the effect of flywheel resistance exercise training on muscle
strength, muscle power and physical function in older adults. Further, the study
aimed to investigate whether changes in strength and mean power were related to
improvements in physical function. Participants included in the experimental group
participated in a 6-week flywheel resistance-training program. Parameters that
were assessed before and after the intervention included: isokinetic concentric
(60°/s and 240°/s), and eccentric (120°/s) knee extension, flexion peak torques and
mean power, and physical function was assessed by means of the 30 second Chair

Sit-Stand Test (CST) and walking speed over 5 metres.
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Subjects

Fifty-two community-dwelling people were recruited from the local community via
announcements in daily newspapers, and were successfully screened for inclusion
into the study (Fig.1). Thirty-six older adults (24 female, 12 male) with a mean age
of 64 + 5 years and a body mass index of 28 + 4 Kg/m? (Table 1) were included.
Participants had to be older than 60-years of age and not have engaged in any
regular exercise in the previous 12 months. Subjects were informed about the
design of the study and all provided written informed consent. Subjects were
excluded if they self-reported any co-morbid condition that would impact skeletal
muscle function or mobility (e.g. severe rheumatoid or osteoarthritis, cardiac or
respiratory conditions). The 36 subjects who fulfilled the inclusion/exclusion
criteria were randomly allocated to either a flywheel resistance exercise training
group (ETG; n = 18) or control group (CON; n = 18). The CON group continued with
their typical daily activities that included employment or leisure activities and
received usual care from the community services and their general practitioner.
Usual care might include medical and allied health management, but did not include
regular exercise training. Randomization was performed by a member of the
research team, who was not directly involved in the recruitment or assessment of
subjects, using a computer generated random allocation program and a 1:1 ratio
(ETG:CON). The a priori sample size calculation needed to detect an 8% change
(clinical meaningful change) in maximal eccentric (ECC) isokinetic torque at 60°/s
(10) indicated that 12 subjects per group ensured a statistical power of 90% with

an alpha level of 0.05. An additional six subjects were recruited to each group to
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allow for attrition. The study was approved by the Institutional Review Board at the

XXMASKEDXX and was conducted in accordance with the Declaration of Helsinki.

<<FIGURE 1 ABOUT HERE>>

<<TABLE 1 ABOUT HERE>>

Procedures

Flywheel resistance exercise training

Before the training program, subjects completed two familiarization sessions on the
flywheel squat device (kBox 3, Exxentric AB TM, Bromma, Suecia). During the squat,
subjects stood on the platform with the feet shoulder width apart and knees slightly
flexed. From the standing position, after an initial submaximal repetition to initiate
the flywheel movement, the performer descended by flexing the hip and knee joints
simultaneously (i.e., by an eccentric muscle action). When returning to the starting
position subjects extended the hip and knee joints by a concentric muscle action.
The subjects were instructed to push with maximal effort through the entire
concentric action and to then resist the pull of the flywheel by performing an
eccentric muscle action. The knee started at approximately 15 degrees and reached

a maximum flexion of approximately 140 degrees.

Subjects from the ETG underwent 6 weeks of flywheel resistance training, twice
(week 1, 3, 5) and 3 (week 2, 4, 6) times a week, with at least 48 hours rest between
sessions. The flywheel squat device, was equipped with a flywheel with a moment

inertia of 0.025 kg m? for 4 weeks then increased to 0.05 kg_m?2 for the following
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two weeks (Table 2). After a brief standardized warm-up, 4 sets of 9 maximal
repetitions were performed (the rest interval between sets ranged from 2 to 3 min).
Each set consisted of two repetitions at the beginning to initiate the flywheel
movement and then seven maximal bilateral repetitions accelerating the wheel in
the concentric action and, upon completion, decelerating the wheel by means of an
eccentric action. Research personnel gave verbal encouragement during all
repetitions performed.
<<TABLE 2 ABOUT HERE>>

Measures

Outcome measures were assessed by the same researcher blinded to group

assignment at baseline and at the end of the intervention period (6 weeks).

Strength and Power Testing

To estimate strength and power gains in response to the flywheel exercise training
programme, isokinetic concentric (at an angular velocity of 60 and 240°/s) and
eccentric (at an angular velocity of 120°/s) knee extension and flexion peak torques
and mean power were measured in both legs using an isokinetic dynamometer
(Biodex System 4, Biodex Medical Systems, Shirley, NY). Isokinetic data for peak
torque and mean power were obtained at a sample rate of 100 Hz using the Biodex
System 4 Advantage software. Before testing, each subject had a familiarization
session to orient them to isokinetic testing. In the warm up activity subjects
performed 3-4 submaximal contractions of increasing intensity (from 50% to 90%)
for each of the isokinetic contractions and then rested for 1 min between the

warmup and the beginning of the test.
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Each subject was seated in an upright position and stabilised at with straps at the
shoulders, waist and thighs as per manufacturer’s guidelines. Each subject’s seat
position was recorded so that it could be replicated during subsequent testing. The
order of isokinetic strength testing for all subjects was standardised as follows: five
maximal concentric and eccentric knee contractions at 60°/s were performed first,
followed by concentric and eccentric knee contractions at 240°/s. Finally, five
eccentric contractions (120°/s) were performed. A rest period of 3 min was given
between each type of contraction and a 1 min rest between speeds. Subjects were
given verbal encouragement and visual feedback of the torque signal at each
repetition. The highest value obtained of all maximum efforts was used as the peak
torque value (N_m) and mean power output (W) for each muscle action and speed

mode and was chosen for further analysis.

Functional capacity
Physical function was assessed before and after the training period by means of two
functional tests based on daily activities. All subjects received instructions about

test procedures and were familiarized to each test.

The 30 second Chair Sit-Stand Test (CST) (31) is considered an important functional
evaluation clinical test which is able to measure lower body strength and has been
related to the most demanding daily life activities. The test consists of standing up
and sitting down from a chair (with a seat height of 0.40 m), starting with the back
in an upright position and the arms folded across their chest, as many times as
possible within 30 seconds. The test was measured by the same evaluator and was

timed to the nearest 0.1 second by using an electronic stopwatch.
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Walking speed has been also shown to be an indicator of disability in older adults
(36). Subjects walked as fast as possible for 5 metres in a quiet corridor, without the
use of any aids, wearing comfortable shoes. The main outcome was walking speed
(metres/second, m/s) assessed through gait analysis using a photocell system
(Racetime 2; Microgate, Bolzano, Italy). All functional tests were performed with

continuous verbal encouragement by the same researcher.

Statistical analysis

Descriptive statistics were calculated for demographic variables and dependent
measures. The normality of the data was evaluated by the Kolmogorov-Smirnov
test, for non-parametric distribution, differences between groups at baseline, and
after treatment were tested using Mann-Whitney’s. The statistical analyses
addressed two questions relative to the flywheel resistance exercise mode. Within
group pre- to post-training effect (ETG vs CON) was tested using a paired-samples
t-test. Pre- to post-training between group comparisons were examined using
repeated measures ANOVA, followed by Bonferroni’s post hoc test, to determine the
time effects and the interaction effect (time x group). Moreover, effect sizes were
calculated, and the threshold values for Cohen’s effect size (ES) statistics were:
trivial (0.0 - 0.19), small (0.2 - 0.59), moderate (0.6 - 1.1), large (1.2 - 1.9), and very
large (> 2.0) as suggested by Hopkins et al. (13). Partial eta (n) squared between
groups (0.01 = small effect, 0.06 = medium effect, and 0.14 = large effect) were also
performed to assess the relative magnitude of the differences between groups.
Spearman’s correlation coefficients were used as a measure of the strength of the

association between the changes in muscle strength and muscle power, and changes
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in the functional capacity outcomes. All descriptive analyses were conducted using

a statistical package (SPSS 17.0, Chicago, USA) using a significance level of p<0.05.

RESULTS

There were no significant differences between groups for age (p=0.131), body mass
index (p=0.550), or height (p=0.848). The 18 subjects in the ETG completed an
average of 14 out of the potential 15 sessions over 6 weeks, resulting in a compliance
rate of 93%. No harmful effects were noted in the ETG group after the 6 weeks

exercise intervention.

Strength assessment

Table 3 demonstrates the effects of the intervention on isokinetic knee extension
and flexion peak torque. Subjects in the ETG exhibited significantly greater flexion
and extension torques at 60°/s and flexion torques with the dominant leg at 240°/s
after the intervention. Within-group analyses showed a significantly better
eccentric torque during the knee flexion at 120°/s, while no substantial differences
were found in CON group (Table 3). Moderate ES (all d >.722) were observed for all

these outcomes.

<<TABLE 3 ABOUT HERE>>

Significant between group differences in the knee flexion torque both concentric (at
60°/s and 240°/s) and eccentric (at 120°/s) with the dominant leg were also found
in favour of the ETG group. Table 3 outlines the eta-squared measures of effect size

between groups. Large effects in favour of the ETG group were observed for knee

11
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flexion concentric torque at 60°/s (n?=.168) and 2402%/s (n2=.112) and medium

effect for knee flexion eccentric torque at 120°/s (n2=.103).

Functional capacity

The pre-test and post-test group mean values and within-group ES for functional
capacity are outlined in Table 3. Significant differences in the CST test (d=0.8) were
observed in the ETG subjects. Over the course of the study there were no significant
within group changes in functional capacity for subjects in the CON group. Between
group analyses revealed that those in the ETG displayed significantly better

performance in the CST test than those in the CON group (n2=0.207).

Power assessment

Mean power (W) values during the isokinetic knee flexion and extension are
reported in Table 4. Within-group analyses showed a significant improvement in the
power achieved both in flexion and extension at 60°/s and 240°/s but also in
eccentric flexion at 120°/s with the dominant leg (p<0.01). Most of these

improvements represented a moderate treatment effect (all d > 0.6).

<<TABLE 4 ABOUT HERE>>

Correlations between changes in strength and power measures and changes in

functional capacity

As detailed in Table 5, there was a significant correlation between changes in muscle
strength and muscle power and changes in walking speed after the 6-week

intervention for concentric (at 60°/s and 240°/s) flexion peak torque in the

12
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dominant leg and walking speed. Significant association between changes in
concentric mean power with changes in the physical function outcomes were also
observed (Table 5 and Figure 2). Moreover the knee flexion eccentric peak torque
was correlated with the changes in the CST test (Figure 2). Further, the changes in
eccentric mean power were significantly correlated with the changes in the CST test
(r2=0.299, p<0.05, Figure 2) and the changes in walking speed (r? = -0.406, p<0.01,
Table 5).
<<TABLE 5 ABOUT HERE>>

<<FIGURE 2 ABOUT HERE>>

DISCUSSION

In the present study, we hypothesised that flywheel inertial exercise training would
result in improvements in muscle strength and power and thus, improvements in
physical function. Following a 6-week program, peak torque for concentric knee
flexion at speeds of 60 and 240°/s significantly improved in subjects in the ETG.
Peak torque for eccentric knee flexion at 120°/s was also improved in this group
(ES: 0.72; p<0.05). CST increased by 15% and maximal walking speed by 5% for the
ETG. Collectively these outcomes represent considerable clinical impact, and should

help mitigate muscle and mobility deficits in older adults (38).

Previous studies have suggested that isoinertial resistance training could lead to
improvements in the isokinetic concentric-eccentric torque of limb extensors in this
population group (2). Bruseghini et al (2) reported a 5% improvement in maximal
isokinetic concentric torque at 60°/s together with a 5% improvement in maximal

isokinetic eccentric torque at 120°/s, which is lower than the results reported in the
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present study (21% and 22% respectively). In the current study, within-group
analyses showed a significant improvement in knee extension torque, but only at
60°/s. This is consistent with previous studies suggesting that concentric peak
torque is lower at higher algular velocities (20). Previous authors attributed these
differences to the reductions both in muscle fiber size and number, especially type
Il fibers in the elderly (20). Moreover, and despite the limited comparable data on
flywheel resistance exercise protocols in older adults, Fernandez-Gonzalo et al. (10)
conducted a pilot study assessing the efficacy of a flywheel resistance exercise
programme (8-weeks) in individuals suffering from chronic stroke (63.3 + 8.1
years). Similar to the current study, these authors reported a 3-6% increase in the
isokinetic knee extension concentric torque (60°/s) and a 7% increase in the
eccentric torque (90°/s) for the affected leg. (10) The identified changes could be
explained, at least in part, by neural adaptations, such as increased motor unit
recruitment and reduced co-activation (4) or better synchronization of motor unit

discharge (34).

There is evidence that eccentric strength is preserved in older adults and that this
could be related to an impairment in the capacity to fully activate muscles under
concentric conditions (32). Ochala et al. (25) suggested the preservation of eccentric
strength was due to an increase in muscle passive and active stiffness. It seems that
the better muscular output observed in the current study could be explained by the
tension developed by muscle fibers and in the perimuscular structures which it has
been suggested is higher in eccentric modes of exercise (14). Therefore, the efficacy

of this training paradigm is possibly mediated by the capacity to achieve higher

14
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forces during eccentric muscle action, which, in turn, could be attributed to the

recruitment of additional motor units (19).

The gains in strength and power demonstrated in the current study were
significantly correlated with the changes in functional capacity, and previous work
has shown that eccentric-based exercises positively influence physical performance
relevant to daily living activities. Leszczak et al. (17), for example, examined the
effects of an 8-week eccentric program and reported that walking speed (ES=0.31),
8-ft timed up-and-go test (ES=0.29) and the CTS test (ES=0.48), improved post-
intervention, which supports the findings from our study. Raj et al. (28) also
assessed the effects of eccentric training on functional capacity in older adults and
reported improvements in walking speed (ES=0.62; 5%). Further, Gault et al. (11)
reported improvements in maximal walking speed (ES=0.31, 5%), comparable to
that reported by Dias et al. (7) in the 6m walk test (12%) or the chair-rising tests
(15%), after a 12-week eccentric-focused resistance training program in older
adults. All of which is in agreement with previous results after flywheel resistance
training in stroke patients (9). These authors found that the improvements in
muscle force and power after this training method resulted in improvements in gait
performance after the intervention (CST; ES=0.34, 17%), which agreed with the

findings reported in our study (CST; ES=0.77, 15%).

There are some limitations to this study, for example subjects were all healthy older
adults, therefore, the generalisability is limited. Moreover, since the preservation of
eccentric strength seems to be mediated by the gender (i.e., women tend to show a

more pronounced preservation), our results may be slightly biased as we had more
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women. The training program was designed for individuals who are new to
eccentric exercise and cautious progression of the eccentric training was advised.
This may have impacted on the results as the lower initial load, duration and
training frequency may not have been a sufficient load to stimulate the muscles and
cause the expected adaptations. Moreover, the differences in technical execution
could explain, at least in part, why between-group improvements were observed in
one side only. It is common to observe asymmetrical weight shifting between the
left and right limbs at the end of a squat, with the majority of participants shifting
from the right to the left (6). Another possible explanation for these differences
could be lower limb asymmetries at baseline (greater flexion peak torques observed
in the left leg at 60°/s and at 240°/s). Despite these limitations, it can be concluded
that flywheel resistance exercise training is an appropriate form of activity to
increase isokinetic knee flexion, concentric and eccentric torque and for improving

the functional capacity (CST) of older adults.

PRACTICAL APPLICATIONS

The results of this study show that flywheel resistance exercise training (2-3
times/week) has the potential to enhance muscle strength, muscle power and physical
function in older adults. Clinicians and care givers could implement the reported
exercise strategies to prevent or attenuate the functional decline associated with
aging, subjects need minimal supervision, therefore, these protocols could be
implemented in rehabilitation settings as a safe and viable method to promote

physical function adaptations.
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Figure Legends

Fig 1. Consolidated Standards of Reporting Trials flow diagram of participants

through the study.
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