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Abstract 

Purpose: The diagnosis of suspected physical abuse (SPA) remains a continuous challenge to paediatric 

healthcare. Several studies have reported that computed tomography (CT) improves the evaluation of SPA. This 

study aims to systematically review the diagnostic performance of CT compared to radiography in investigating 

skull and chest fractures for SPA.  

Materials and methods: Multiple databases were searched, using PRISMA methods, from 2008 to August 2024 

for relevant studies in English. Two reviewers independently screened and selected relevant studies using 

Covidence software. The QUADAS-2 tool was used for the quality assessment of the included papers. Sensitivity, 

specificity and the effective radiation dose of CT and radiography from the included studies were extracted. Pooled 

sensitivity and specificity were calculated with their respective 95% confidence intervals (CI). GRADE criteria 

were used to appraise the overall quality of the synthesis.   

Results: Of the 4057 identified papers, 10 met the inclusion criteria; all 10 included skull and/or chest. The overall 

sensitivity and specificity of CT were 96.5% (95%CI: 94.9–97.7%) and 99.5% (95%CI: 99.1–99.8%), 

respectively. Compared to the sensitivity and specificity of radiography, 59.8% (95%CI: 56.2–63.3%) and 99.7% 

(95%CI: 99.3–99.8%), respectively.  

Conclusion: CT sensitivity is significantly higher than radiography in detecting rib and skull fractures for SPA. 

The effective dose for chest LDCT is comparable to that of radiography. Therefore, LDCT should be considered 

as a potential replacement to radiography in SPA investigations for the chest and skull. 

What is known? 

• CT shows higher diagnostic performance than radiography in detecting skull and rib fractures in the 

diagnosis of SPA.  

What is new? 

• When a head CT scan is acquired for SPA diagnosis at any age, the two-view skull radiograph can be 

safely eliminated from the Skeletal Survey protocol. 

• With respect to rib fracture diagnosis, Chest CT can replace chest radiography for SPA diagnosis. 

• The effective dose and image quality of low-dose chest CT is comparable to that of two-view chest 
radiography for SPA diagnosis. 
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BEIR                Biological Effects of Ionizing Radiation 

CCJ                  Costochondral junction 

CI                     Confidence intervals 

CT                    Computed tomography 

CXR                 Chest radiography 

ESPR                European Society of Paediatric Radiology 

FN                    False negative 

FP                     False positive 

k-factor             Effective dose conversion factor 
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SS                      Skeletal surveys 

SXR                  Skull radiography  

TN                    True negative 

TP                     True positive  
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Introduction 

Suspected physical abuse (SPA) is any form of harm or injury to a child that is intentionally inflicted by a caregiver 

or other person responsible for the child's welfare [1; 2]. SPA is a significant cause of childhood morbidity and 

mortality and remains a continuous challenge to healthcare and society [1-5]. Hence, accurate diagnostic 

evaluation and management of these injuries are crucial for ensuring the well-being and safety of the child. 

However, detecting injuries in neonates, infants and young children should be balanced against concerns regarding 

the radiation dose from diagnostic imaging [5]. 

For decades, radiography has been utilised for SPA due to its availability, high spatial resolution, and low effective 

radiation dose [1]. Guidelines for skeletal surveys (SS) have been established by multiple governing bodies to 

optimise and standardise the detection of injuries associated with SPA [6-8]. SS refers to high-quality radiographic 

projections investigating the entire skeleton and typically consists of 25 to 32 projections depending on the age 

and size of the child and also the imaging guidelines being followed [1; 2; 5; 9]. The utility of diagnostic imaging 

in addition to clinical assessment are supported by research, especially for children under the age of three [7; 10-

12]. However, recent studies have highlighted concerns about the ability of radiography to detect certain fractures 

in the acute stage [1; 9; 13]. 

It is recommended to undertake a follow-up SS approximately two weeks after the initial SS to identify additional 

fractures as well as an assessment of the age of the injury of the abused child [1; 14]. Several studies reported that 

follow-up SS can detect between 9% and 46% more fractures than the initial projections, especially within the 

ribs and bone metaphases [15-18]. Furthermore, many cases were reported where suspected fractures detected on 

initial radiography were identified as negative in follow-up studies [1; 15]. Significant challenges exist regarding 

the child’s return for follow-up, and reports suggest that between 23-60% of abused children do not return for 

follow-up imaging [15]. Radiation doses associated with the initial and the follow-up SS are relatively low, with 

the effective dose ranging from 0.09 to 0.52 mSv and 0.07 to 0.11 mSv respectively [14; 19; 20]. However, 

fractures, including ribs, scapula, skull and some long bones, have been diagnosed more accurately when using 

computed tomography (CT) [5; 21-26]. 

In 2018, The European Society of Paediatric Radiology (ESPR) updated guidelines for radiological diagnosis of 

suspected SPA to include a head CT with three-dimensional (3D) reconstruction as a part of the routine SS in all 

children younger than one year [27]. The guidelines also suggest that 3D head CT should be routinely performed 
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to better diagnose skull fractures and related soft tissue injuries. Several studies have reported a greater diagnostic 

accuracy of head CT compared to conventional radiography for SPA [14; 25; 28].  

Modern imaging technologies, including CT, have become a primary investigation tool for various medical 

disorders [29]. Several studies have indicated a rise in the use of CT, including its increased use within the 

paediatric population [30-33]. This awareness has led to radiation safety campaigns such as Image Gently which 

aims to optimise radiation dose when imaging paediatric patients [34]. To minimise the radiation risks to the 

paediatric patient, the use of low-dose CT (LDCT) has been recommended [1; 35]. Previous studies assessing CT 

skull and chest for SPA indicated improvements in CT technology enabled a significant reduction in radiation 

dose during CT scanning for SPA [1; 35; 36].  

Interpretation of SPA on plain radiographs can be challenging. CT can improve visualisation of complex 

anatomical regions [28; 37]. False-positive interpretations of skull radiographs, for example, can happen because 

of the superimposition of suture lines, vascular grooves, fissures or other normal variants [28; 38; 39]. This may 

result in unnecessary medical assessment and social work investigation [28; 38; 39]. On the contrary, false-

negative interpretation may result in a patient being returned to an unsafe environment [38]. Similar interpretation 

difficulties are found with chest radiographs [21; 40]. Incomplete and non-displaced rib fractures are difficult to 

diagnose using radiography [41]. Additionally, it is difficult to detect posterior rib fractures using radiography 

due to the superimposition of the transverse process of the spine on the rib [42; 43]. Unlike radiography, CT can 

separate anatomical structures and allows more accurate detection of fractures. A further benefit of using CT for 

SPA is its ability to detect additional clinical injuries including, but not limited to, intracranial injuries, soft-tissue 

lung issues, small pneumothoraxes, intra-abdominal perforation and lacerations from blunt trauma to solid organs 

[24; 44]. However, disadvantages of using CT technology for SPA include: access to CT, time required, potential 

requirement for sedation, cost of the procedure, dose to the carers, increasing demands on CT, specialised training 

for the radiographers, more time needed to review the images, increased potential for incidental findings, should 

be considered[1; 5]. Additionally, there has been no meta-analysis comparing radiography with CT in the diagnosis 

of SPA, this current work aims to fill that gap.  

This systematic review and meta-analysis aims to compare radiography and CT in the evaluation of skull and 

chest fractures for SPA to determine whether CT provides superior sensitivity and specificity to radiography. A 

secondary aim is to identify the range of radiation doses and protocol variations when utilising CT for SPA.  
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Methods  
This systematic review was registered with PROSPERO (CRD42023439354) and conducted in line with the 

Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) guidelines [45]. As all 

information was in the published domain, no ethical waiver was necessary.  

Literature search 

Keywords 

Relevant keywords were identified using a PIRO approach, from which appropriate medical subject headings 

(MeSH terms) were generated. The MeSH terms used for this systematic review are summarised in Fig. 1.  

Search strategy 

The chosen MeSH terms were then linked and used in different databases, including PUBMED (including 

Medline), SCOPUS, EMBASE, Web of Science, CINHAL and Cochrane, to find all relevant studies that 

compared the use of CT and radiography for SPA. These databases were chosen because they are the largest 

English language, systematically searchable, biomedical and health sciences literature databases that are either 

open-access or subscribed to by the study institution library. Further searching was performed using Google 

Scholar to ensure as much grey literature as possible was included. 

  

 

                          

 

 

 

 

 

Fig. 1Summary of the terms used in the systematic review. P, Population; I, Index test; R, Reference standard; O, Outcome. 

PIRO 

P 

I 

R 

O 

Child abuse or Child neglect or Child mistreatment, or Pediatric Emergency Medicine or 
Non-accidental injury or Suspected physical abuse. 

Computed x-ray tomography or Transmission computed tomography or CT or CAT scan or 
Spiral CT or Helical CT or Tomography or Computed Tomography or CT x-ray. 

Skeletal survey or SS or CXR or SXR or Radiography or X-ray or Digital Radiography. 

Detection of fractures. 
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Inclusion criteria  

(1) Publications, including randomised control trials, cohort studies, case-control trials and experimental studies 

published between 2008 and August 2024. 2008 was chosen as our scoping review indicated that the first paper 

comparing CT to radiography in the diagnosis of SPA was in 2008 by Wootton-Gorges et al. [21]. (2) Studies 

should include a comparison between CT and radiography in identifying fractures in cases of SPA. (3) The age 

of participants was ideally restricted to children under the age of five years because older patients can identify the 

cause of harm therefore, imaging is not the main source of information (4) Included studies were restricted to 

those in the English language (5) papers are to have sample sizes sufficient for appropriate power.  

Exclusion criteria  

(1) Phantom and/ or animal studies are excluded; (2) reviews, conference abstracts and letters were excluded; (3) 

papers not in English language; (4) patients with accidental injuries; (5) studies where the majority of patients 

were aged over 5 years. Our rationale being that Patients over 5 years typically can communicate the cause of 

their injuries and as such would be imaged slightly differently. (6) commercially funded studies. 

 

Data extraction 

All papers collected from different databases were uploaded to the Covidence software (Covidence, Melbourne, 

Australia) for screening and review. Duplicated articles were automatically removed by the software. Two 

reviewers independently reviewed records and applied the review inclusion and exclusion criteria. The following 

characteristics were extracted, including year of publication, study design, sample size, average patient age and 

fracture location. For comparison, average radiation doses and imaging protocols for CT and radiography were 

also extracted. Controversies between the two reviewers were resolved by consensus discussion.  

Quality assessment and risk of bias 

The validity of the included studies was assessed using the Quality Assessment of Diagnostic Accuracy Studies-

2 tool (QUADAS-2) [46]. QUADAS-2 tool evaluates the risk of bias across four key domains: patient selection, 

index test, reference test, and flow and timing. To determine the level of bias, each domain was evaluated using a 

three-point scale: low risk (green), high risk (red) or unclear risk (yellow). Each domain has questions to help 

authors reach the appropriate judgments of bias level.  
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Data analysis 

The pooled sensitivity and specificity of CT and radiography were calculated and reported together with their 

95% confidence intervals (CIs) for each included study. The pooled diagnostic performance across all these 

studies was represented by identifying the sensitivity and specificity of the total number of participants. Then, 

these sensitivity and specificity figures were compared graphically using a forest plot. Heterogeneity between 

included studies was estimated using I2 statistics performed using the MetaDisc 1.4 software (Hospital 

Universitario Ramon y Cajal, Madrid, Spain). Heterogeneity is categorised as follows: (≤40%) low heterogeneity, 

(41-75%) moderate heterogeneity and (>75%) high heterogeneity. 

Result  

Literature Search  

The PRISMA flowchart (Fig. 2) illustrates the selection process for the included studies. From the databases 

previously mentioned, a total of 4057 non-duplicate records were identified. The titles and abstracts of these 

studies were screened, and 131 studies were deemed relevant and underwent full-text review. Of these 131 papers, 

121 did not meet the required inclusion criteria for several reasons, including that the study did not include a 

comparison between radiography and CT, most patients in the study were older than five years and the study 

objective was not relevant to this review. Ten studies were considered eligible for inclusion.  
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Fig. 2 A PRISMA flow chart summarising the selection process for the included papers. n, number of studies  

In
cl

ud
ed

 

  Studies included in review (n = 10)     

  

Studies screened (n = 4057) 

Studies sought for retrieval (n = 131) 

Studies assessed for eligibility (n = 131)     

Studies excluded (n = 3926) 

Studies not retrieved (n = 0) 

Studies excluded (n = 121)   
Not English (n = 1) 
Wrong study design (n = 12) 
Accidental injuries (n = 3) 
Comparison not included (n = 55) 
Not relevant to study question (n = 44) 
Majority of patients' age > 5 years (n = 6) 

Sc
re

en
in

g 
Id

en
tif

ic
at

io
n 

References removed (total = 998)   
Duplicates identified manually (n = 11) 
Duplicates identified by EndNote (n = 745)  
Duplicates identified by Covidence (n = 242) 
Other reasons (n = 0 ) 

Studies from databases (total = 5055) 
EMBASE (n = 565) 
PubMed (n = 2067) 
SCOPUS (n = 688) 
WOS (n= 758) 
CINHAL (n = 602) 
Cochrane (n = 375) 

 



   
 

10 
 

Quality Assessment 

Table 1 summarises the quality assessment for each included paper. All included studies were regarded as a low 

risk of concern in the patient selection domain. Four studies were considered as having a low risk of concern in 

all four domains [25; 38; 47; 48]. The paper by Sanchez and colleagues (2018) was graded as an unclear risk for 

the index test and reference standard domains because the interpretation processes for both the index test and 

reference standard were not reported [22]. For the flow and timing domains, three papers were regarded as an 

unclear risk because the interval times between the index test and reference standard were not represented in their 

studies [28; 44; 49]. Therefore, none of the selected papers were eliminated at this stage, because they had an 

overall low risk of bias. 

Data extraction  

All ten included studies compared the use of radiography and CT for SPA investigation. Table 2 summarises the 

number, gender and age of patients in each study and the number of fractures detected by radiography and CT for 

SPA. Five studies focused on chest injuries, while the other five studies investigated skull fractures. The mean 

age of the participants across all studies was 9.6 months (range 0 to 7 years old). Of the total number of fractures 

identified through CT; 512 were rib fractures, and 210 were skull fractures. When compared, to the number of 

fractures identified by radiography, 273 were rib fractures and 175 were skull fractures.  

Table 3 highlights the number of fractures detected by radiography and CT based on their anatomical position. 

For chest imaging, fractures in all parts of the rib except in the lateral portion were detected more by CT than by 

chest radiography (CXR). Two studies reported that fractures of the lateral part of the rib were better visualised 

by CXR than by CT with the total number of fractures detected by CXR being 53 compared to 48 detected by CT 

[21; 37]. For skull imaging, only one study presented the fractures based on their anatomical position [44]. All 

parts of the skull were better visualised with CT rather than skull radiography, except for the frontal bone, one 

fracture was detected by skull XR compared to zero by CT.  

Table 4 illustrates the performance and the effective dose of CT and radiography for SPA diagnosis. All included 

studies reported superior diagnostic sensitivity of CT in the detection of fractures for SPA when compared to 

radiography. Imaging protocols used in each included paper were different; consequently, different radiation doses 

were recorded. Karmazyn et al. [48] recorded an estimated effective dose of 0.06 mSv for three radiographs of 

ribs, while they used three different protocols for the chest CT. In the first group, for patients with a suspicion of 

intrathoracic trauma, chest CT was performed with intravenous contrast media with an average dose of 0.45 mSv. 
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The other two groups used LDCT, with and without tin filtration, with average estimated doses of 0.14 and 0.17 

mSv, respectively [48]. Forbes-Amrhein et al. [47] and Sanchez et al. [22] compared the effective radiation dose 

for chest CT with the four view images of the CXR (AP, lateral and bilateral oblique ribs). For CXR, they recorded 

a radiation dose of 0.15-0.29 mSv in the Forbes-Amrhein et al. [47] study and an average of 0.35 mSv in the 

Sanchez et al. [22] study. Whereas, for chest CT average doses of 0.77 mSv [47] and 0.48 mSv [22] were recorded, 

respectively. Martin et al. [25], Sharp et al. [28] and Culotta et al. [38] recorded an effective radiation dose ranging 

from 0.006 to 0.112 mSv associated with two views of the skull (AP and lateral). For skull CT, an effective 

radiation dose of 0.9-5.8 mSv was recorded [25; 28; 38]. 

Diagnostic performance of CT and Radiography for SPA 

The pooled sensitivity and specificity for CT were 96.5% (95% CI: 94.9–97.7%) and 99.5% (95% CI: 99.1–

99.8%) with heterogeneity (I2) of 82% and 59.3%, respectively. Radiography showed a sensitivity of 59.8% (95% 

CI: 56.2–63.3%) and a specificity of 99.7% (95% CI: 99.3–99.8%) with a high heterogeneity of 94.2% and a 

moderate heterogeneity of 49.9%, respectively. Fig. 3 illustrates the forest plot of the overall sensitivity of CT in 

comparison with the forest plot of the overall sensitivity of radiography. Forest plots for pooled specificity of CT 

and radiography are illustrated in Fig. 4. Additionally, the area under the curve (AUC) for the combined diagnostic 

performance of CT and SS across all ten papers is represented with a high overall performance of CT (AUC=0.99) 

compared to the overall performance of radiography (AUC=0.89). Only 4 articles included a definition of the gold 

standard, these details have been included in Table 2. Other studies did not include a definition or identification 

of the ‘gold standard’ for their comparison and they relied solely on radiological reports, so the gold standard 

could be a combination between the two modalities. 
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Fig. 3 Top left indicates the sensitivity of CT, top right, sensitivity of radiography and the bottom forest plot of the difference in 
sensitivity of CT and radiographic SS in the diagnosis of SPA, indicating CT has a higher sensitivity of 0.37 on average. 
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Fig. 4 The top left indicates the specificity of CT, the top right, the specificity of radiography, and the bottom is a forest plot of the 
difference between CT and radiographic SS in the diagnosis of NAI, indicating CT and radiographic SS has about similar specificity. 
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Discussion  

This systematic review identified ten papers eligible for inclusion; five focused on the detection of rib fractures, 

while the remainder focused on skull fractures associated with SPA. Rib and skull fractures are the most common 

skeletal injuries associated with SPA [21; 25]. Furthermore, non-accidental brain injuries are a leading cause of 

fatal injury in young children, accounting for 80% of deaths from all head trauma in young children [50]. Due to 

the associated increased radiation dose used in diagnostic CT imaging, optimising CT protocols for SPA is 

important. This is particularly so for paediatric patients, who are more vulnerable to the effects of radiation 

compared to adults [51].  

Four of the included studies compared the diagnostic performance of CT with radiography in detecting fractures 

at specific locations of ribs [21; 37; 47; 48]. Forbes-Amrhein et al. [47] investigated the performance of different 

imaging modalities in the diagnosis of costochondral junction fractures. CT was reported to be more sensitive 

than CXR for detecting Costochondral junction fractures. CXR identified only 34.6% of Costochondral junction 

fractures detected on CT, while CT missed two fractures identified by CXR. The other three studies reported the 

number of fractures identified by radiography and CT in different positions of ribs, including anterior, 

anterolateral, lateral, posterolateral, and posterior locations. CT was more sensitive than CXR in detecting 

fractures in all locations, except for in lateral locations [21; 48]. Such trends could have resulted where abdominal 

CT scans were evaluated in some cases, these may have only image part of the rib and thus could have impacted 

on sensitivity [21]. Based on the included studies, CT scans detected more rib fractures than radiography. CT 

detected a total of 512 and missed 18 fractures with a sensitivity of 96.6% and specificity of 99.7%, while CXR 

identified 273 and missed 258 fractures with a sensitivity of 51.4% and specificity of 99.8%. The severity of rib 

fractures are often underestimated, however, rib fractures are a sign of a severe injury which may result in fatal 

harm [52]. Karmazyn et al. [48] used LDCT in their study and reached an effective dose of 0.14 mSv, comparable 

to the dose of the standard three views rib radiography (0.06 mSv). LDCT imaging protocols help alleviate concern 

regarding the perceived high radiation dose for CT imaging. Thus, CXR could be replaced by CT for investigating 

SPA when protocols have been optimised accordingly. 

Although the results show a wide range of doses for CT (0.14-0.48 mSv) and radiography (0.06-0.35 mSv), these 

ranges overlap, indicating a somewhat comparable dose. An overlap between the highest CXR radiation doses 

and the lowest CT chest doses indicates just how much dose optimisation there has been in CT over the years. 

However, there are limitations as different studies used different effective dose conversion factors (k-factors) to 
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calculate the estimated effective dose. There were no significant differences observed in the estimated radiation 

dose between radiography and CT (p=0.059). Karmazyn et al. [48] and Forbes-Amrhein et al. [47] used body-

size-specific k-factors to estimate radiation dose in their studies. Karmazyn et al. [48] used a k-factor of 0.026 

mSv mGy -1 cm -1 while Forbes-Amrhein et al. [47] used a k-factor of 0.032 mSv mGy-1 cm-1 depending on the 

patents' sizes included in their studies. On the other hand, Sanchez et al. [22] used an age-specific k-factor which 

is found to overestimate effective dose when compared to size-specific k-factors [53]. This makes direct 

comparison of doses challenging. 

In the current study, one paper describes the accuracy of CT and radiography in detecting skull fractures based on 

their anatomical position. Pennell et al. [44] found that CT identified more fractures in parietal and occipital bones 

than radiography, 35 on CT and three on skull XR compared to 33 on CT and one on skull XR, respectively. 

Overall, the diagnostic performance of skull CT was greater than skull XR, with 210 skull fractures (96.3% 

sensitivity) detected by CT compared with 175 skull fractures detected by radiography (80.3% sensitivity). 

Additionally, 3D reconstruction of the CT skull provides additional information on soft tissue injuries, which may 

be overlooked on skull XR [25; 38; 44; 54]. As the current guideline for investigating suspected SPA involving 

head CT as a part of the SS, these results suggest that when there is a head CT then two-view skull radiography 

can be safely eliminated from the SS protocol. Further work is needed to investigate whether CT is equal to SS 

for dating old fractures.  

Based on the ten included studies, the overall diagnostic performance of CT for SPA is higher than radiography. 

These findings suggest CT has greater performance in fracture diagnosis of SPA in the chest and skull. The risk 

of the high radiation dose associated with CT should be balanced with the risk of missed diagnosis of fractures in 

the initial SS for SPA. Due to the high percentage of non-return children for the follow-up SS, patients may remain 

in an abusive environment which may lead to a fatal injury. This review found a higher sensitivity of CT in the 

detection of rib and skull fractures for SPA. Furthermore, using LDCT protocols allows a reduction in the effective 

radiation dose and facilitates the prompt and appropriate management of SPA diagnosis.  

CT should be considered as a replacement for radiography SPA diagnosis, particularly for the skull and chest. 

This recommendation is made at the cost of a higher dose, but the benefit of improved sensitivity. However, 

further research and possibly clinical trials are needed before replacing SS with whole-body CT when contributing 

to SPA diagnosis. 
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This review has several limitations. An estimate of bias using Eggers test was not possible as no papers reported 

a sample mean and standard deviation. Only ribs and skull fractures are included when comparing CT and 

radiography for SPA. For a more accurate comparison, whole-body CT should be included. Furthermore, the 

various CT and SS radiography protocols and gold standards used in the included studies will affect the accuracy 

of the pooled sensitivity and specificity values. Wootton-Gorges et al. [21] included patients who were scanned 

for either abdomen or chest CT which resulted in missing some parts of ribs.  Also, one paper, by Hong et al. [37], 

calculated the diagnostic accuracy of CT in post-mortem cases, which may increase the diagnostic performance 

as radiation dose levels were not a consideration. Another limitation, although SPA is not common over the age 

of 5 years, one study, Hong et al. [37], has included less than 10 participants aged up to 8 years with a percentage 

of less than 1.5% of the total participants, this study was included to ensure that all relevant studies were captured. 

Moreover, all the included papers were retrospective. Finally, this review is restricted to English language studies 

only which may have further limited the review.  

Conclusion  

CT sensitivity is significantly higher than radiography in detecting rib and skull fractures for SPA. The effective 

dose for chest LDCT is comparable to that of radiography. Therefore, LDCT should be considered as a potential 

replacement to radiography in SPA investigations for the chest and skull.  
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Tables  
Table 1: Summary of the Risk of Bias Assessment for the included publications. 

 

Low Risk                          High Risk                         Unclear Risk  

 

 Table 2: Data extraction – general information 

 

Study RISK OF BIAS 
PATIENT 

SELECTION 
INDEX TEST REFERENCE 

STANDARD 
FLOW AND 

TIMING 

 
Wootton-Gorges et al. 2008 [21] 
 

    

Karmazyn et al. 2022 [49]     

Hong et al. 2011 [38]     

Forbes-Amrhein et al. 2022 [48]      

Sanchez et al. 2018 [22]     

Martin et al. 2020 [25]     

Sharp et al. 2018 [27]     

Culotta et al. 2017 [39]     

Cosgrave et al. 2022 [50]     

Pennell et al. 2021[45]     

Study Fracture 
location 

Sample 
size 

Gender Mean 
Age 

 

Gold 
standard 

Radiography CT 
M F TP TN FP FN TP TN FP FN 

Wootton-Gorges et al. 2008 [21]  
 
 
 

Chest 
 
 

 

12 
(225 ribs) 

5 7 2.5 mo NR 
 

79 94 0 52 131 94 0 0 

Karmazyn et al. 2022 [49] 50 
(1200 ribs) 

29 21 9.7 mo  NR 42 108
7 

0 71 112 108
7 

0 1 

Hong et al. 2011 [38] 56 
(1318 ribs) 

27 29 1 y Autopsy 38 119
5 

5 66 86 120
9 

8 15 

Forbes-Amrhein et al. 2022 [48] 15 
(210 CCJ) 

NR 2.5 mo CT 27 132 0 51 78 130 0 2 

Sanchez et al. 2018 [22] 16 
(384 ribs) 

7 9 6 mo NR  87 279 0 18 105 279 0 0 

Martin et al. 2020 [25]  
 

Skull 
 
 
 

21 NR 6.8 mo CT 19 83 0 2 21 83 0 0 
Sharp et al. 2018 [27] 94 NR 11 mo Radiography 11 70 0 13 24 70 0 0 
Culotta et al. 2017 [39] 177 93 84 5 mo NR 62 108 0 7 67 108 0 2 
Cosgrave et al. 2022 [50] 106 NR 10.6 mo NR 43 51 2 10 52 51 2 1 
Pennell et al. 2021 [49] 158 NR 5 mo NR 40 107 0 11 46 107 0 5 

FN, false negative; FP, false positive; TN, true negative; TP, true positive; sz, sample size; mo, months; y, year; CCJ, costochondral junction; NR, not 
reported. 
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Table 3: Location of the fractures 

Study Body part Fractures, n 
Position X-ray CT 

 
 
Wootton-Gorges et al. 2008 [21]  

 
 
 
 
 
 
 
 

Chest 

Posterior 24 39 
Posterolateral 3 9 

Lateral 26 16 
Anterolateral 12 21 

Anterior 11 42 
 
 
Karmazyn et al. 2022 [49] 

Posterior 11 27 
Posterolateral 4 5 

Lateral 23 31 
Anterior 2 12 

Costochondral 1 38 
 
 
Hong et al. 2011 [38] 
 

Posterior 19 37 
Posterolateral 0 1 

Lateral 4 1 
Anterolateral 1 4 

Anterior 14 40 
Forbes-Amrhein et al. 2022 [48] Costochondral 27 78 
Sanchez et al. 2018 [22]  

 
Not reported 

Martin et al. 2020 [25]  
 
 
 

Skull 

Sharp et al. 2018 [27] 
Culotta et al. 2017 [39] 
Cosgrave et al. 2022 [50] 
 
 
Pennell et al. 2021 [45] 

Frontal 1 0 
Parietal 33 35 

Occipital 1 3 
Multiple 4 8 

Indeterminate 1 0 
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Table 4: Diagnostic performance and radiation dose for x-ray and CT 

 

Study 
% 

AUC 
Radiation dose mSv 

Sensitivity Specificity 
X-ray CT X-ray CT X-ray CT X-ray CT  

Wootton-Gorges et al. 2008 [21] 60.3 100 100 100 0.9 (0.8 - 1) 1 NR 
 
Karmazyn et al. 2022 [49] 

 
37.2 

 
99 

 
100 

 
100 

 
0.84 (0.69 - 1) 

 
0.998 (0.99 -1) 

 
0.06  

G1: 0.45 
G2: 0.17 
G3: 0.14 

Hong et al. 2011 [38] 36.5 85.1 99.6 95.6 0.84 (0.68 - 0.99) 0.96 (0.92 - 0.99) NR 
Forbes-Amrhein et al. 2022 [48] 34.6 97.5 99.2 100 0.84 (0.67 -1) 0.99 (0.98 - 1) 0.22  0.77  
Sanchez et al. 2018 [22] 82.9 100 100 100 0.96 (0.91 - 1) 1 0.35  0.48 
Martin et al. 2020 [25] 90.5 100 90 100 0.98 (0.95 - 1) 1 0.009  2.15 
Sharp et al. 2018 [27] 45.8 100 100 100 0.86 (0.73 - 1) 1 0.04 1.6 
Culotta et al. 2017 [39] 89.6 97 98.2 93.9 0.97 (0.95 - 1) 0.99 (0.98 - 1) 0.059  4.2 
Cosgrave et al. 2022 [50] 81 98 98 96 0.94 (0.89 - 0.98) 0.99 (0.97 - 0.998) Not reported 1.6  
Pennell et al. 2021 [45] 78.4 90.2 100 100 0.95 (0.98 - 1) 0.98 (95 – 1) NR 
G, group; AUC, area under the curve; mSv, millisievert; NR, not reported. 
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