Acquah et al. BMC Medical Imaging (2026) 26:44 BMC Medical Imaging
https://doi.org/10.1186/512880-025-02114-0

Check for
updates

Accuracy of junior doctor plain trauma X-ray
interpretation: a systematic review and meta-
analysis

Godwill Acquah'?’, lieoma Chinedum Anyitey-Kokor'3, Andrew Donkor'#, Yaw Amo Wiafe!, Benard Ohene-Botwe”,
Michael J. Neep®” and Patrick C. Brennan®

Abstract

Background Plain radiography remains a first-line assessment tool for emergency departments’trauma patients.
Given the urgency of trauma care, emergency department doctors, including junior doctors, often perform initial
trauma X-ray interpretations to support timely patient management when there is an unavailability of an immediate
radiologist report. However, trauma X-ray interpretation is challenging, and inaccuracies can impact patient care.
This study evaluates the diagnostic accuracy of emergency department junior doctors on the initial interpretation of
trauma X-rays by systematically reviewing and meta-analysing existing research on the subject.

Method Studies were identified from PubMed, Scopus, Embase, Cochrane Library, and by checking the reference
lists of relevant studies. Quality assessment of included studies was evaluated using the QUADAS-2 tool. Meta-analysis
was conducted using bivariate models, with summary estimates reported as sensitivity, specificity, and the SROC.
Meta-regression and subgroup analysis was performed to evaluate the sources of heterogeneity. Publication bias was
assessed using Deeks'funnel plot.

Results Seven studies were included in this meta-analysis. Across the studies, pooled sensitivity, specificity and area
under the receiver operating characteristic curve (AUC) were 0.65 (95% Cl=0.47-0.80), 0.89 (95% Cl=0.77-0.95), and
0.86 (95% C1=0.83-0.89), respectively. Covariate analysis per anatomical region of trauma X-rays showed that for
skeletal region, pooled sensitivity, specificity, and AUC were 0.72 (95% Cl=0.55-0.85), 0.86 (95% Cl=0.73-0.93), and
0.87 (95% C1=0.83-0.89), respectively and for appendicular region, pooled sensitivity, specificity and AUC were 0.68
(95% C1=0.49-0.82), 0.82 (95% CI=0.62-0.93), and 0.81 (95% Cl=0.77-0.84), respectively. Substantial heterogeneity
was identified but was not due to a threshold effect (Spearman rho=0.29(p =0.49)). Meta-regression and subgroup
analysis revealed that anatomical-region-specific trauma X-ray interpretation and accuracy assessment techniques
influenced heterogeneity. No publication bias was identified (p=0.41).

Conclusion Emergency department junior doctors’accuracy in the initial interpretation of trauma X-rays was
moderate. The findings further suggest a high likelihood of missed abnormalities when they interpret trauma X-rays.
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This highlights the need for support strategies to enhance their diagnostic accuracy to strengthen clinical decision-

making in trauma care.
Clinical trial number Not applicable.

Keywords Traumatic injury, X-ray interpretation, Junior doctors, Diagnostic accuracy, Meta-analysis, Emergency

department

Background

Traumatic injuries remain a major global health concern,
with musculoskeletal trauma accounting for a substantial
proportion of emergency department (ED) presentations
[1-13] Plain radiography is the first-line imaging modal-
ity for assessing these injuries due to its wide availability,
cost-effectiveness, and efficiency in detecting fractures
and other related abnormalities [14—17]. In most set-
tings, radiologists traditionally interpret ED trauma
X-rays (TXRs) to inform patient management. However,
workforce shortages, increasing service demands, and
the need for timely decision-making have shifted greater
responsibility to ED clinicians, including junior doctors
(JDs), as well as reporting radiographers [15, 18—23].

In many EDs across both high-income and low-
resource settings, emergency department JDs routinely
interpret TXRs to support their immediate clinical deci-
sions, often before formal radiology reports are available
[15, 18, 19, 23]. Their initial interpretations directly affect
patient triage, treatment, referral pathways, and decisions
to discharge patients [18, 23].

Despite the advantage of JD’s initial interpretation, the
interpretation of TXRs is challenging, and errors can be
of significant detriment to both patients and clinicians.
This is intensified by most EDs being fraught with high
patient turnover, time pressures, complex working envi-
ronment and JDs’ relative inexperience [24—29].

For decades, existing research has shown variable levels
of performance of ED JDs in the initial interpretation of
TXRs, with inconsistent reporting estimates [23, 28, 30—
32]. There have so far been limited attempts to produce a
comprehensive synthesis of this evidence. The aim of this
study was to conduct a systematic review and meta-anal-
ysis of the existing literature to establish the sensitivity
and specificity of ED JDs’ initial interpretation of TXRs.

Methods

Junior doctor definition for the review

The term “junior doctor” varies internationally and for
over half a century, has encompassed a wide range of
early-career medical practitioners including casualty
officers, house officers, foundation year doctors, intern
doctors, medical officers, senior house officers, residents
(specialty trainee), registrars (specialty trainees), and in
some jurisdictions resident doctors (both specialty train-
ees and non-specialty doctors) [22, 24, 33-41]. Despite

these variations, which sometimes result in terminologi-
cal overlap, it is generally understood that they are fully
qualified doctors within the first ten years after gradua-
tion. During this period, they may be undergoing post-
graduate training (specialty training), employed in a
non-training post or gaining clinical experience in vari-
ous hospital departments under varying levels of super-
vision (postgraduate medical internship). The purpose of
this stage is to build the knowledge and skills necessary
to progress toward specialist or general practice roles [23,
39-42].

For this review, however, /Ds refer to fully qualified
early-career doctors working in EDs who are not enrolled
in formal residency (specialty) training programmes.
This includes doctors employed in non-training posts,
those undertaking postgraduate medical internships, and
early-career medical officers rotating through emergency
departments. They include house officers, foundation doc-
tors, casualty officers, non-training senior house officers
and medical officers.

Protocol registration and reporting guidelines

The study was registered in the PROSPERO
(CRD420251044917) and was guided by the step-by-step
process outlined by Leeflang [43] and Deeks et al. [44]
when conducting a diagnostic-test-accuracy systematic
review and meta-analysis. Additionally, the Preferred
Reporting Items for Systematic Reviews and Meta-Anal-
ysis of Diagnostic Test Accuracy (PRISMA-DTA) guide-
lines [45] were implemented to structure and summarise
the findings from the literature search.

PICO question

To guide the focus of this review and ensure a structured
approach to evaluating the accuracy of JDs, a clearly
defined clinical question was formulated. This question
specifies the patient group (population/patient), the diag-
nostic task being assessed (intervention), the compari-
son standard (comparison), and the outcomes of interest
(outcome). It provided a framework for determining
study eligibility (Table 1), directing data extraction, and
shaping the synthesis of evidence. The question was:

In patients presenting with traumatic injury who
undergo plain radiography (P), how accurately do emer-
gency department junior doctors initially interpret
their trauma X-rays (I) compared with radiologists or
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Table 1 Eligibility criteria from PICO
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PICO Inclusion

Exclusion

Population/Patient Patients who underwent plain radiography

with a history of traumatic injury

Intervention Interpretation of TXRs by ED JDs

Comparison Interpretation of TXRs by radiologist/advanced
practice radiographer
Qutcome 2% 2 table values (true positive, true negative,

false positive, false negative), sensitivity, and
specificity

Patients who underwent plain radiography for reasons other than
traumatic injury or traumatic injury alone

Patients who underwent examinations involving modalities like CT, MRI,
and ultrasound, regardless of their clinical history

Interpretation of TXRs by other professionals (e.g., nurses, radiographers,
residents (specialty trainees), senior doctors/registrars, and consultants).
Interpretation of TXRs by other professionals (consultant emergency
physicians and consultant orthopaedic physicians)

Inadequate information to construct a 2 X2 contingency table

NB: MRI=Magnetic Resonance Imaging CT=Computed tomography JD=Junior doctor ED=Emergency department TXR=Trauma X-rays

advanced practice radiographers (C) in identifying trau-
matic abnormalities (O)?

Database and search strategy

A systematic search strategy was developed and refined
to comprehensively identify eligible studies across four
databases: PubMed, SCOPUS, Cochrane Library, and
EMBASE, to retrieve relevant articles. This approach
aligns with Leeflang’s [43] and Deeks et al’s [44] recom-
mendations, which emphasise searching at least two
databases to enhance the comprehensiveness and reli-
ability of the review. Search terms included (“Junior doc-
tor” OR “Foundation doctor” OR “Intern” OR “Medical
officer” OR “Casualty officer” OR “House officer” OR
“Doctor” OR “Houseman”) AND (“radiographic inter-
pretation” OR “image interpretation” OR “X-ray inter-
pretation” OR “misinterpretation”) AND (“trauma OR
fracture”). Truncation and wildcards (*,?) were utilised
to broaden retrieval and capture keyword variations. The
literature search was conducted between 15th January
2025 and 15th April 2025 and updated on 15th August
2025 for any new publications. To prevent omissions, a
hand search was conducted in the reference lists of rel-
evant papers for eligible literature on the subject. The full
search string has been placed in the supplementary file.

Inclusion and exclusion criteria
This review included studies published from 1990 to 15th
August 2025, on TXR interpretation by JDs. There was
no language restriction during the search. The year 1990
was chosen to include older, yet clinically relevant studies
that reflect more contemporary trauma imaging practices
and JD involvement.

Eligible studies met the following criteria:

(1) reported on the accuracy of JDs’ interpretation of
TXRs.

(2) provided complete data or sufficient information to
construct 2 x 2 contingency tables.

(3) used radiologist interpretation as the reference
standard for accuracy. Studies that employed advanced

practice radiographers as a reference standard were
included based on jurisdictional certification and enough
information to suggest their accuracy was equivalent to
that of a radiologist.

Ineligible studies included:

(1) Reports on TXR interpretation of other healthcare
professionals (e.g., nurses, radiographers) or medical staff
(e.g., residents (specialty trainees), registrars, senior doc-
tors, and consultants).

(2) Studies on JDs’ plain X-ray interpretation of non-
trauma cases, as well as interpretations of radiographs
from other modalities like computed tomography (CT),
and magnetic resonance imaging (MRI).

(3) Studies that did not provide enough information to
construct 2 x 2 contingency tables.

Additionally, the population, intervention, comparator,
and outcome (PICO) framework, which further framed
the exclusion and inclusion criteria, has been sum-
marised in Table 1.

Selection strategy

Retrieved articles were imported into EndNote 21.0,
where duplicates were identified and removed. Two
reviewers (GA and ICA-K) independently read titles and
abstracts to assess relevance. Full-text articles identified
as potentially eligible were then reviewed in detail against
predefined inclusion criteria by the same reviewers. Stud-
ies not meeting the criteria were excluded, with reasons
documented. Any disagreements during the selection
process were resolved through collaborative discussion.

Data extraction and quality assessment

Two authors (GA and ICA-K) independently extracted
relevant data from selected articles. The extraction of
data was in two parts.

(1) general characteristics of included studies in our
study’s context: study reference, country, study
design, professional, clinical setting, assessment
technique, and reference standard.
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(2)  Characteristics of JDs’ TXR interpretation:
anatomical region of trauma X-rays, number of
plain TXRs (total, normal and abnormal), number
of interpretations per plain TXR, data (true positive
(TP), false positive (FP), true negative (TN),
false negative (FN)) and results (sensitivity and
specificity).

The following considerations were applied during data
extraction to ensure consistency and accuracy:

(1) In studies where the JDs interpreted the same
TXRs using both film and digital workstations,
the performance results from the variant yielding
the highest diagnostic accuracy were selected for
inclusion in the meta-analysis.

(2) For studies that reported both pre- and post-
intervention assessments of JDs’ diagnostic
accuracy, only the pre-intervention (baseline) results
were included in the analysis.

(3) Instudies where the initial interpretation accuracy
of JDs on TXRs was categorised by anatomical
region, and each category met the inclusion criteria,
data were extracted and analysed separately for each
region as individual study parts.

(4) Authors of relevant articles were contacted for
clarity on information where necessary.

(5) 1In cases where values for a 2 x 2 table (TP, FP, TN,
and FN) were not directly reported, and authors
who were contacted could not provide the raw
data, these values were mathematically calculated
from available data, i.e. total sample size, sensitivity,
specificity, and prevalence [16, 46, 47].

The methodological quality of included studies was
assessed using the Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool [48], as recom-
mended by Deeks et al. [44]. GA and ICA-K indepen-
dently conducted the assessment. For consistency, details
of how the plain TXRs were sampled by each relevant
study were used to judge whether the patient spectrum in
each study was selected consecutively or randomly [49].
All disagreements during extraction and quality assess-
ment were resolved through collaborative discussion.

Statistical analysis and data synthesis

A bivariate random-effects meta-analysis was conducted
using STATA v14.0 (StataCorp), specifically the Midas
command package [50]. A coupled forest plot was used to
display the pooled estimate of sensitivity and specificity.
A Summary Receiver Operating Characteristic (SROC)
curve was generated to illustrate the diagnostic perfor-
mance of JDs. The interpretation of resultant area under
the Receiver Operating Characteristic curve (AUC) was
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low (0.5 > AUC < 0.7), moderate (0.7 > AUC < 0.9), or
high (0.9 = AUC < 1) accuracy [50, 51].

To assess heterogeneity, the Higgins I? statistic was
calculated [52]. An I* < 50% indicated low heterogene-
ity, while I* >50% suggested high heterogeneity [52].
Where high heterogeneity was observed, Spearman’s
correlation was used to evaluate heterogeneity due to
threshold effects (values >0.6 indicating significance)
[52]. If a threshold effect was not present, univariable
meta-regression and subgroup analysis was conducted to
explore alternative sources of heterogeneity [50]. Deeks’
funnel plot was used to assess publication bias, with p <
0.05 indicating statistical significance.

Results

Literature search

Figure 1 presents the flow of the literature screening pro-
cess. Overall, 1541 articles were retrieved from the com-
prehensive search, of which 63 duplicates were excluded.
One thousand four hundred and fifty-four articles were
then excluded after reading the titles and abstracts. Fol-
lowing this, the full text of 44 articles was sought, of
which one was not retrieved. The full texts of the 43 arti-
cles remaining were read thoroughly, and 7 studies were
ultimately included in this meta-analysis [15, 18, 53—57].

Study characteristics

From Table 2, the included studies were conducted
between 1995 and 2023. Geographically, four studies
were conducted in the UK [18, 53-55], and three were
conducted in Africa [15, 56, 57]. Generally, the studies
assessed the plain TXR interpretation accuracy among
JDs. Regarding study design, four studies were compara-
tive [54—57], one study was retrospective and compara-
tive [53], one study was retrospective [15] and one study
was prospective [18]. The comparative studies compared
accuracy between JDs and other professionals, including
nurses [53, 55], radiographers [55-57], and radiologist
specialist registrars [54] against a reference standard. All
studies were conducted at the ED. In the assessment of
JDs TXR interpretation accuracy, four studies employed
a test bank approach [54-57], two studies employed a
retrospective analysis approach [15, 53], and one study
employed a prospective analysis approach [18]. Across
the studies, and in each case, the X-rays interpreted by
JDs were obtained from multiple anatomical sites of
patients’ injury. While radiologist interpretation was the
primary reference standard in most included studies, one
study in the UK relied solely on a reporting radiographer
as the reference standard [18]. This study was included
based on jurisdictional evidence supporting radiogra-
pher reporting roles and sufficient detail in the study to
suggest diagnostic performance equivalent to that of a
radiologist [19]. Common to all included studies was the
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Articles included: n=7

Articles identified from search (n =1541)
PubMed (n = 198), Cochrane (n=405), | | Duplicate:n =63
Scopus (n=791), Embase (n=138),
Citation searching (n=9)
i Records excluded (n = 1434)
Titles and abstracts read (n = 1478) Reviews, books, chapters, conference papers,
editorials, letters, notes (n=870)
l Irrelevant articles (n=564)
Full text articles sought (n = 44) . )
— | Full text articles not retrieved (n = 1)
. Articles excluded:
Full text articles read (n = 43) > | Patients with non-traumatic injury presentation
(n=8)
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Interpretation by other professionals
Nurses (n=3)
Consultant (n=1)
Radiographers (n=3)

Couldn't extract 2 x 2 (n=12)

Irrelevant articles (n=9)

Fig. 1 Flow chart of study selection process. NB: Full details of reasons for full-text exclusion have been presented in the supplementary file

fact that each reference standard chosen per study was
applied to all TXRs included in each study.

From Table 3, there were 443 TXRs across studies,
with 253 being normal and 190 being abnormal. One
study [54] reported the performance of the JDs in inter-
preting the same TXRs on film and a digital workstation
under controlled conditions. Their performance on film
was recorded as it was slightly higher than on the digital
workstation. Additionally, one study [18] also reported
the interpretation accuracy of JDs in two different arms,
i.e. immediate and delayed reporting arms. While reports
were readily available from advanced practice radiogra-
phers in the immediate reporting arm, JDs had to provide
their own interpretation in the delayed reporting arm.
Therefore, JDs’ performance in the delayed reporting arm
was included in our analysis. Further, one study [57] also

reported pre-training and post-training TXR interpreta-
tion accuracy among JDs. The pre-training results were
selected for our analysis. In one study [15], the overall
initial interpretation accuracy of JDs was categorised by
anatomical region of TXRs, i.e. appendicular, axial, chest,
and abdomen, and each category met the inclusion cri-
teria; therefore, data were extracted and analysed sepa-
rately for each region, increasing the number of study
parts from seven (7) from all seven studies to ten (10).
Five studies (five study parts) [15, 53, 55—57] reported
the interpretive accuracy of JDs on TXRs from the
appendicular region. One study each reported the inter-
pretive accuracy of JDs on TXRs from both appendicular
and axial regions [18], axial region only [15], chest [15]
and abdomen [15]. One study [54] was not specific with
the exact anatomical region of TXRs JDs interpreted, but
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Table 2 General characteristics of studies included per the review'’s context

Study Country Study design  Professional Clinical Assess- Sites of patients’  Reference standard
reference setting ment injury
technique
Freijetal. 1996 UK Retrospec- Senior House ARE Retrospec-  Hand, wrist, Interpretation by a consultant
[53] tive and Officers (SHOs) tive analysis  forearm, foot, ankle, radiologist
comparative lower leg

Gillard et al. UK Comparative 3 Casualty A&E Test bank Unspecified Interpretation by a consultant
1998 [54] officers approach radiologist
Coleman and UK Comparative 7 Casualty A&E Test bank Forearm, hand, foot, A consensus interpretation
Piper, 2009 [55] officers approach elbow, ankle, knee,  from a consultant radiologist,

shoulder a senior radiology registrar

and an advanced practitioner
radiographer on each case.

Snaith and UK Prospective Foundation years A&E Prospective  Upper limb, lower  Interpretation by a reporting
Hardy, 2014 [18] 1 and 2 doctors analysis limb, pelvis/hip, radiographer

spine, thoracic cage,

skull/face
du Plessis and South Comparative 8 medical of- A&E Test bank Appendicular Consensus interpretation of
Pitcher, 2015 Africa ficers < 3 years of approach skeleton three consultant radiologists
[56] experience on each case
Ofori-Manteaw  Ghana Comparative 12 JDs (6 months A single Test bank Appendicular Interpretation by a consultant
& Dzidzornu to 2 years of health approach skeleton radiologist
2019 [57] experience) facility
Liu et al. 2022 South Retrospective JDs A&E Retrospec-  Skull, facial bones, A consensus interpretation by
[15] Africa tive analysis  spine, upper/lower  a radiology consultant with 11

limbs, pelvis, chest,  years' experience and a senior
abdomen radiology registrar with 5
years'experience on each case

NB: UK=United Kingdom, A&E = Accident and Emergency, JD =Junior doctor, Unspecified =the study wasn't specific about the actual sites of patients’ injury, but was

skeletally oriented, thus from either the appendicular or axial region. “Study design” describes the methodological approach used, such as retrospective (analysing

previously recorded JDs' interpretations), prospective (collecting data of JDs’ interpretations in real time), or comparative (comparing the interpretation of JDs to
other healthcare professionals). “Professional” specifies the type and level of junior doctors or medical staff assessed, reflecting their training and experience. “Clinical
setting” denotes the environment in which the assessment took place, typically the Accident & Emergency (A&E) department. “Assessment technique” explains how
the doctors’ interpretation skills were evaluated, either using a test bank approach (pre-selected set of trauma X-ray cases) or retrospective/prospective analysis of
real cases. “Sites of patients’ injury” refer to the anatomical sites where traumatic injuries occurred and from which the corresponding TXRs interpreted by junior
doctors were taken. “Reference standard” indicates the gold standard against which the junior doctors’ interpretations were compared, usually the assessment of a
consultant radiologist or a consensus interpretation by multiple experienced radiology professionals.”

was skeletally oriented. In four of the studies, sufficient
information was provided for the mathematical calcula-
tion of a 2 x 2 table with matrix values (TP, FP, TN, FN)
[54—57]. Four studies [54—57] employed a specific num-
ber of JDs to each interpret the same set of TXRs; there-
fore, the number of interpretations is also presented.

Quality assessment

Figure 2 summarises the results of the risk of bias assess-
ment of each study part across the seven studies using
QUADAS-2. There was a high risk of bias for the patient
selection domain across four study parts [54—57]. This
is because these studies did not sufficiently describe
the sample of TXRs to judge whether the spectrum of
patients was selected consecutively or randomly. Regard-
ing flow and timing, there was an unclear risk of bias in
three study parts, as the studies [55-57] did not provide
enough information to judge whether all patients were
included in the analysis. There was one study part with
applicability concerns to the research question regard-
ing the conduct of the index test [18]. This is because,

although this review focused on the initial independent
interpretation of TXRs by JDs, the study allowed JDs to
seek assistance from other medical staff if they wanted
to, potentially compromising the independence of their
interpretation.

Accuracy of junior doctors' TXR interpretation

Overall, the pooled sensitivity, specificity and AUC of
JDs’ interpretation of plain TXRs across the seven studies
(10 study parts) were 0.65 (95% CI =0.47-0.80), 0.89 (95%
CI=0.77-0.95), and 0.86 (95% CI=0.83—-0.89), respec-
tively. The coupled forest plot and SROC curve repre-
senting this analysis have been presented in Figs. 3 and 4,
respectively.

Covariate analysis of junior doctors’ interpretation
accuracy per anatomical region of TXRs

Covariate analysis was performed to assess JDs’ TXR
interpretation accuracy by anatomical region of TXRs;
this was possible for skeletal and appendicular anatomi-
cal subdivisions only. This is because for axial, chest
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Table 3 Characteristics of junior doctors'trauma X-ray interpretation

Study

Results

Data
TP

Number of interpretations

Total

Number trauma X-rays

Total

Anatomical region of trauma X-rays

Sensitivity  Specificity

93%

FN
3

TN

74

FP

normal abnormal
44

80

normal abnormal
44

80

92%

41

124
96

124
32
20
57
40
30
70

Appendicular

Skeletal

Freij et al. 1996 [53]
Gillard et al. 1998 [54]

83.3%
57%

63* 2% 10% 21% 75%
24%
43

84
98

12
4

28

51%

100%
68.7%
67.8%

18* 48*
0
42%

50%
12

140
57

14
12
30

Appendicular

Coleman and Piper, 2009 [55]
Snaith and Hardy, 2014 [18]

95.6%
65.5%
75.6%

98%

12
240

45

45

Appendicular + Axial

Appendicular

28%  52% 75%
58%

44%

165*%

80

320
360
70

10
15
44

du Plessis and Pitcher, 2015 [56]

136*
43

122%

80

1

180
26

44

15
26

Appendicular

Ofori-Manteaw & Dzidzornu 2019 [57]

Liu et al. 2022 (app.) [15]
Liu et al. 2022 (ax.) [15]

15
2

Appendicular

Axial

(2026) 26:44

91%
97%

33%
38%
0%

TN/(FP+TN). app. = appendicular ax.= axial cht.= chest abd.

14
52

10

35

16

36

36 16

52

Chest

Liu et al. 2022 (cht)) [15]

100%

Abdomen

Liu et al. 2022 (abd)) [15]

TP/(TP+FN). Specificity

true negative. Sensitivity =

=false negative, TN=

false positive, FN
tial interpretation accuracy of JDs was categorised by anatomical region of TXRs, i.e. appendicular, axial, chest, and abdomen, and each category met the inclusion

criteria; therefore, data were extracted and analysed separately for each region, increasing the number of study parts from seven (7) from all seven studies to ten (10). Appendicular includes the lower or upper extremities
or the girdles. Axial includes the spine, skull/face, or thoracic cage. Skeletal means either from the appendicular or axial region. Chest means the soft tissues of the chest. Abdomen means the abdominal soft tissues

true positive, FP=

NB: * = mathematically calculated value, TP

abdomen. NB: In one study ( Liu et al., 2022), the overall i
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and abdomen, the study parts were one each. For skel-
etal TXR interpretation, JDs’ pooled sensitivity, specific-
ity, and AUC were 0.72 (95% CI=0.55-0.85), 0.86 (95%
CI=0.73-0.93), and 0.87 (95% CI=0.83-0.89), respec-
tively. Again, for appendicular plain TXR interpretation,
JDs’ pooled sensitivity, specificity, and AUC were 0.68
(95% CI=0.49-0.82), 0.82 (95% CI=0.62-0.93), and 0.81
(95% CI=0.77-0.84), respectively. From Table 4, these
results are presented as well as their respective diagnostic
odds ratios.

Heterogeneity and threshold effect

From Fig. 3, there was substantial heterogeneity in sensi-
tivity and specificity in the meta-analysis conducted. Spe-
cifically, the Higgins I* for sensitivity and specificity was
87.99% and 86.54% respectively. Moreover, the consider-
able difference observed between the 95% confidence and
prediction contour in the SROC curve affirms these sub-
stantial heterogeneities [58] (Fig. 4).

On investigating whether heterogeneity was due to
threshold effect using Spearman correlation, it was
found that the correlation coefficient was 0.29 (p=0.49),
indicating that heterogeneity was not due to threshold
effects. Table 5 further summarises these estimates.

Meta-regression and subgroup analysis

Considering the absence of a threshold effect in this
study, meta-regression and subgroup analysis was per-
formed to determine the sources of heterogeneity. Spe-
cifically, meta-regression was used to assess whether
study-level characteristics influenced variations in sen-
sitivity and specificity across the included studies. The
variables included anatomical region of TXRs, geo-
graphic location of studies, and assessment technique.
For the anatomical region of TXRs, two parameters were
examined: skeletal region (thus either appendicular or
axial regions) and appendicular region only. Studies that
reported the initial TXR interpretive accuracy of JDs
on skeletal regions were coded as 1 (yes) and all others
as 0 (no). Similarly, studies that reported the initial TXR
interpretive accuracy of JDs on the appendicular region
were coded as 1 (yes) and all others as 0 (no). For geo-
graphic location, the parameter was Africa. Studies con-
ducted in Africa were coded as 1 (yes) and studies from
outside Africa were coded as 0 (no). For the assessment
technique, the parameter was test bank approach. Stud-
ies that employed a test bank approach in the assess-
ment of JDs’ interpretive accuracy were coded as 1 (yes),
while studies using a prospective or retrospective analysis
approach were coded as 0 (no).

The results revealed that the anatomical region of
TXRs and the technique employed in the assessment
of JDs” accuracy caused heterogeneity. JDs had a higher
sensitivity in interpreting appendicular TXRs than
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non-appendicular TXRs. Moreover, their sensitivity was
higher in studies that employed the test bank assessment
technique than in studies that employed either a pro-
spective or retrospective analysis approach. For specific-
ity, there were no significant differences identified across
these variables. Despite this, heterogeneity remained
substantial across the majority of the combined effect
sizes. Table 6 presents the results.

Publication bias

Figure 5 shows Deeks’ test results for JDs” overall plain
TXR interpretation accuracy. The p-value of 0.41 indi-
cated that there was no publication bias.

Discussion

JDs in some jurisdictions play a role in assessing and
interpreting plain X-ray findings in trauma-related cases
within emergency departments, often making immedi-
ate management decisions based on those interpretations
[15, 18, 23, 55]. This typically occurs in contexts where
immediate access to a radiologist or reporting radiogra-
pher interpretation is not feasible [15, 55], particularly
in resource-limited settings lacking sufficient numbers
of trained radiologists and where the role of report-
ing radiographers is not yet established [15]. While this
form of task-shifting can facilitate rapid decision-making
during acute presentations [56], concerns remain about

interpretation errors, which could negatively impact
patient care. Accordingly, the present study was aimed at
evaluating the accuracy of JDs’ interpretation of TXRs.

This meta-analysis involving seven studies (10 eligible
study parts) indicated that compared with a reference
standard, JDs’ pooled sensitivity, specificity, and AUC in
interpreting TXRs (across all studies, skeletal TXR inter-
pretation and appendicular TXR interpretation) were
0.65-0.72, 0.82-0.89, and 0.81-0.87, respectively (Fig. 4;
Table 4). These findings consistently indicate that JDs
had a moderate accuracy when interpreting plain TXRs.
Specifically, they demonstrated a high ability to classify
true negative radiographs correctly (11%-18% false posi-
tive rate) compared to a moderate ability to classify true
abnormal radiographs (28%-35% false negative rate), sug-
gesting a considerable likelihood of missed diagnosis.

Our findings align with a Danish study on JDs’ inter-
pretation of a set of chest X-rays, which found that their
sensitivity was lower than their specificity [40]. The cur-
rent evidence, which suggests that JDs may be able to rule
out abnormalities when there are none present on a TXR
rather than to detect them, raises safety concerns, par-
ticularly in trauma care, where missed fractures or inter-
nal injuries can lead to significant morbidity. By far, this is
especially troubling.

Most patients presenting to EDs are initially evaluated
by JDs before senior clinician involvement. However,
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Fig. 4 Summary receiver operating curve of junior doctors’ overall plain
trauma X-rays interpretation accuracy

Table 4 Summary estimates of combined effect sizes

Anatomical Sensitivity  Specificity DOR AUC
region of TXRs (95% CI) (95% CI) (95% Cl) (95% CI)
Skeletal 0.72 0.86 16 (4-56) 0.87
(0.55-0.85)  (0.73-0.93) (0.83-0.89)
Appendicular 0.68 0.82 10 (2-39) 0.81
(0.49-0.82)  (0.62-0.93) (0.77-0.84)

NB: DOR=Diagnostic Odds Ratio, Cl = confidence interval, AUC=Area under the
receiver operating characteristics curve, skeletal =either axial or appendicular
regions, Appendicular=only the appendicular region

Table 5 Summary estimates for heterogeneity and threshold
effect

Values

87.99% (95% Cl=81.85-94.13)
86.54% (79.43-93.65)

0.2857 (p=0.4927)

12 (sensitivity)
12 (Specificity)
Spearman correlation

12=Higgins 12 Cl=confidence interval

undergraduate training and early clinical exposure often
do not adequately prepare JDs for independent practice
at the ED [31]. Yet the ED is often one of the first envi-
ronments where junior doctors are personally responsi-
ble for initial management and the discharge of patients
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Table 6 Summary of the meta-regression and subgroup analysis
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|2

Variable Parameter Category/subgroup No. of Sensitivity [95%  p-value Specificity [95% p-value
studies Cl] Cl]
Anatomical Skeletal Skeletal (Yes) 8 0.47[0.26-0.67] 0.10 0.67[0.52-0.83] 0.20 0.69
region of TXRs Non-skeletal (No) 2 0.11 [-0.10-032] 0.93[0.78-1.00]
Appendicular Appendicular (Yes) 5 0.50[0.32-0.67] 0.01* 0.69 [0.56- 081] 0.15 0.94

Non-appendicular (No) 3 0.10 [-0.03-0.24] 0.88[0.70-1.00]
Geographic Africa Africa (Yes) 6 0.29[0.06-0.52] 027 0.78 [0.60-0. 97] 0.51 035
location UK (No) 4 0.54[0.25-0.84] 0.63[0.34-0.91]
Assessment Test bank Test bank approach (Yes) 4 0.70[0.58-0.83] 0.00* 0.74[0.57-0.91] 0.74 0.86
technique approach Prospective or 6 0.21[0.11-0.31] 0.73 [0.52-0.94]

retrospective

assessment (No)
NB: * = Statistically significant, I?=heterogeneity, Cl=Confidence interval, TXR=Trauma X-rays, UK=United Kingdom

Deeks' Funnel Plot Asymmetry Test
o pvalue = 0.41
O Study
© @\\ ,,,,, Etre]geresswn

1/root(ESS)
i

T

Diagnostic Odds Ratio

Fig.5 Deeks'test for publication bias across the included studies

[23], for which, if the presentation were trauma, their
management decision may be informed by their initial
interpretation of a patient’s TXR. Given their demon-
strated sensitivity, reliance on such interpretation could
lead to inadequate treatment and, inevitably, the recall of
a discharged patient where misinterpreted findings are
clinically significant. This can also pose some medico-
legal consequences for JDs.

Professional ethics demand that patients are given the
best possible care [59], and hence, consultant and senior
clinicians at the ED have a responsibility to ensure that
patients attending the emergency department are cor-
rectly diagnosed and managed. While this can take sev-
eral forms, it can also include encouraging JDs to seek

1000

reviews from senior doctors at the ED when uncertain
about plain TXR findings [14, 38, 60]. Also, targeted
interventions, such as incorporating TXR interpretation
training for JDs, may be helpful [29, 57].

Moreover, radiographers could also be useful in this
regard, with studies having demonstrated the effective-
ness of hot reporting by advanced practice radiographers
on junior doctors’ interpretation accuracy at the ED [18].
In jurisdictions where this may not be feasible, junior
doctors can collaborate with radiographers to avoid mis-
interpretations, as demonstrated in a UK study [61]. As
a backup, teleradiology services can also be employed to
obtain a prompt radiologist’s report [62]. Additionally,
commercially available Al fracture detection systems,



Acquabh et al. BMC Medical Imaging (2026) 26:44

which have been demonstrated to have the potential to
improve fracture detection when used alongside humans
[63], could serve as an additional tool to help reduce mis-
interpretation among JDs.

Substantial heterogeneity was observed in the pooled
sensitivities and specificities in our analyses. On the one
hand, this may come from differences in the experiences,
training or case exposure among JDs across studies. On
the other hand, this may come from factors related to the
TXRs, like complexity or the presence of multiple find-
ings on one single radiograph.

By conducting meta-regression and subgroup analy-
ses (Table 6) of JDs TXR interpretation accuracy, this
review explored the sources of heterogeneity and found
that studies that reported the interpretation accuracy of
JDs on appendicular TXRs recorded higher sensitivity.
For this result, the authors believe that this may be due
to familiarity with appendicular trauma cases, which are
a common trauma-related presentation to the emergency
department [15, 64]. Again, it was identified that studies
that reported the use of test bank approach in the assess-
ment of JDs’ interpretive accuracy recorded higher sen-
sitivity among JDs compared with studies that reported
a prospective or retrospective analysis. Notably, studies
employing test bank assessments in this review tended to
include a disproportionately higher number of abnormal
radiographs compared to normal radiographs (Table 3),
of which, according to Hardy et al. [64] have the potential
to overestimate X-ray interpretation accuracy, especially
sensitivity. Therefore, it is recommended that assess-
ments aiming to evaluate interpretive competency using
a test bank approach should be carefully constructed
so that cases selected will reflect local clinical realities,
ensuring a balanced and representative case matrix [65].

Although it is unlikely that the overall conduct of this
review introduced bias, one notable methodological
shortcoming of the studies included was that only two
of the studies (five study parts) described the sampled
trauma X-rays to enable the judgment that the spectrum
of patients was representative of those in practice, i.e.
consecutive or random sampling of patients. Thus, there
was a likelihood of patient selection bias in the remaining
five studies. Again, in one study, there was the likelihood
of JDs seeking assistance during their initial interpreta-
tion, which may have influenced the independence of the
index test and raised applicability concerns. Addition-
ally, not all included studies reported full 2x2 contin-
gency values (i.e., TP, FP, TN, EN). For such studies, the
authors were contacted, but raw data were not retrieved.
As a result, these values were mathematically calculated
from reported sensitivity, specificity, case counts and
prevalence. Again, despite conducting meta-regression
and subgroup analysis due to substantial heterogene-
ities identified, significant heterogeneity persisted in the
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combined effect sizes. However, this is not unusual in
diagnostic test reviews and may be attributed to varia-
tions in demographic characteristics or study design.
Also, the studies did not provide enough information to
explore other JD-specific or plain TXR-related factors
that could have influenced heterogeneity, like experi-
ence and case complexity. Therefore, it remains unclear
the influence of these factors on JDs’ accuracy. Moreover,
the number of studies meta-analysed was small and from
only three countries, affecting the generalisability of find-
ings. Therefore, caution should be taken when generalis-
ing findings.

One methodological strength among the studies
included was that the reference standard employed in
each included study was applied to all the trauma radio-
graphs employed in each respective study, and hence
eliminated any potential for differential verification bias,
of which evidence suggests can overestimate accuracy
[49, 66]. Also, the reference interpretations were gen-
erated without the knowledge of JDs. This review and
meta-analysis employed a comprehensive and rigorous
methodology, adherence to PRISMA-DTA guidelines for
reporting, and guidelines for conducting diagnostic test
accuracy reviews. This, coupled with a review protocol
registered before full conduct, ensured transparency.
Furthermore, there was no publication bias in the meta-
analysis conducted.

Conclusion

The accuracy of ED JDs in interpreting TXRs was mod-
erate. Specifically, they demonstrated a high ability to
classify true negative findings correctly compared to a
moderate ability to classify true abnormalities. Given
that JDs often make initial clinical decisions in emer-
gency departments based on these interpretations, espe-
cially in settings lacking immediate access to radiologists
or reporting radiographers, these limitations may have
direct consequences for patient safety and quality care.
Incorporating structured support systems, including
second-reader protocols by senior clinicians, targeted
training in trauma radiograph interpretation, teleradiol-
ogy services, or collaboration with radiographers at the
ED could improve their accuracy and possibly their initial
clinical decisions. Future studies can consider JD inter-
pretation accuracy in trauma axial, chest or abdomen,
the clinical and medicolegal implications of interpreta-
tion errors, and explore factors that may influence accu-
racy, as well as evidence-based strategies for improving
accuracy.

Abbreviations
A&E Accident and Emergency

ED Emergency department
TXR Trauma X-ray
UK United Kingdom
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TP True positive

FP False positive

N True negative

FN False negative

SROC  Summary Receiver Operating Characteristic

AUC Area under the receiver operating characteristic curve
SHO Senior house officer

cl Confidence interval
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