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a b s t r a c t

Introduction: Missed fractures in the Emergency Department (ED) can lead to delayed treatment and 
patient harm. Radiographer preliminary clinical evaluation (PCE) aims to support referrers when 
interpreting radiographs in the absence of a definitive clinical report. This pre-implementation study 
evaluated radiographer participation and diagnostic accuracy in a department without an existing 
radiographer abnormality detection system.
Methods: A prospective service evaluation study was conducted in a general hospital. Radiographers 
were asked to provide PCE for consecutive ED musculoskeletal trauma radiographs. Participation was 
recorded. PCEs were compared with the clinical report, and sensitivity, specificity and accuracy were 
calculated with 95% confidence intervals. Accuracy was evaluated against a fixed performance standard 
using a non-inferiority test. Differences in proportions between the first and second halves of the study 
period, in participation and accuracy, were assessed using z-tests.
Results: Of 937 eligible examinations, 412 contained a PCE comment (44.0% participation), increasing 
significantly from 39.3% (182/463) in the first half of the study period to 48.5% (230/474) in the second 
half (p = 0.0045). After exclusions, 369 PCEs were analysed. Sensitivity, specificity and accuracy were 
80.2%, 94.2% and 89.3%, respectively. The lower bound of the accuracy confidence  interval (85.7%) 
exceeded the non-inferiority margin (82% accuracy), confirming  PCE accuracy was statistically non- 
inferior to the 92% benchmark. Median time from examination attendance to PCE entry was 12 min.
Conclusion: Radiographers provided timely, accurate PCEs, achieving performance comparable with 
published standards, demonstrating the feasibility of implementing a PCE service.
Implications for practice: This study contributes to the evidence supporting PCE in departments without 
a 24-h hot-reporting service. Even without a dedicated training package, radiographers performed well, 
but this study emphasises that sensitivity remains a key area for further improvement.
© 2026 The College of Radiographers. Published by Elsevier Ltd. All rights are reserved, including those 

for text and data mining, AI training, and similar technologies.

Introduction

Missed fractures on trauma radiographs can lead to delayed 
treatment and adverse outcomes.1,2 In the absence of an imme
diate, definitive clinical report, having radiographers provide a 
preliminary clinical evaluation (PCE) at the time of image acqui
sition can reduce these risks.3 A PCE is a short, written comment 
made by a radiographer communicating the nature and location of 
any abnormalities.4 The concept evolved from earlier ‘red dot’ 

systems in which radiographers flagged  an image when a trau
matic abnormality was suspected.5 However, there is inherent 
uncertainty in red dot systems: they convey no detail about 
perceived abnormalities, and participation is typically voluntary, 
leading to ambiguity and inconsistent use.

In the United Kingdom (UK), the Society of Radiographers (SoR) 
has advocated replacing red dot systems with PCE for over a 
decade,6 and recent guidance4 explicitly supports radiographer 
PCE implementation as a ‘safety net’ approach to support referrers 
in the interim between image acquisition and a definitive clinical 
report being available. PCE is intended to ensure referring clini
cians do not overlook abnormalities identified  by radiographers, 
and support timely decision-making and patient safety. 
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Importantly, image interpretation education is now firmly 
embedded in UK radiography programmes, and higher education 
institutions assess and assure graduates' competence in applying 
PCE skills at the point of registration.4 A well-implemented PCE 
system helps radiographers comply with aspects of the Health & 
Care Professions Council's Standards of Proficiency,7 in particular 
standard 13.40 “distinguish disease trauma and urgent and un
expected findings as they manifest on diagnostic images, and take 
direct and timely action to assist the referrer”.

At the time this study was considered, Emergency Department 
(ED) radiographs in our institution were routinely reported by two 
reporting radiographers during standard weekday hours only. No 
routine weekend or out-of-hours reporting was available, and a 
24-h hot-reporting service was not in place. As a result, definitive 
clinical reports were often delayed, particularly for examinations 
performed outside normal working hours.

While the expansion of radiographer roles into PCE has been 
endorsed in UK policy,4,6 adoption has been slow.8,9 Key concerns 
include ensuring adequate accuracy of radiographer in
terpretations and consistent participation in providing com
ments.3 To address these, it is important to benchmark 
radiographer performance against accepted standards and to 
identify areas requiring training and development. Within this 
context, this pilot study aimed to evaluate radiographer PCE in our 
hospital, which had no prior radiographer abnormality detection 
system, to gather evidence of participation rates and diagnostic 
performance, thereby informing the implementation of a perma
nent PCE service in line with SoR recommendations.

Methods

Study design, setting and ethics

A prospective diagnostic performance study was performed 
comparing PCE accuracy against a fixed standard of performance. 
The study took place in a single department of radiology within a 
General Hospital. Using the Health Research Authority decision 
tool,10 the study was classified as a service evaluation and did not 
require full Research Ethics Committee approval. The study was 
recorded as a service evaluation with our local Research Ethics 
Committee. During the study, participation was voluntary and 
verbal systems of communication used to highlight abnormalities 
to referrers continued to operate. The PCE comments were not 
available to the referring clinicians and were used only for audit 
purposes.

Sample size and recruitment

The sample size calculation was based on a formula described 
by Scally and Brealey.11 The purpose of the audit was to determine 
whether there was any significant  difference in radiographers' 
ability to provide PCE comments compared with a fixed standard 
of performance using a non-inferiority test. In the absence of a 
national standard for radiographer PCE accuracy, we derived a 
standard from prior research on radiographer PCE in clinical 
practice.12–14 Upon re-analysis of the data from these studies, an 
accuracy standard of 92% was estimated, and we agreed an actual 
rate of 82% (0.10 difference) would be clinically important. A one- 
tailed test was appropriate, as we were not interested in inter
preting a performance better than the standard, but rather in 
detecting a departure below the standard, if one existed. Based on 
these assumptions, a sample of 354 PCE comments was required to 
adequately power the study. The sample was drawn from 
consecutive referrals from the ED for projectional radiographs of 
the musculoskeletal (MSK) system. Although the population was 

consecutive, PCE provision depended on the radiographer's 
voluntary participation.

All radiographers who were rostered to work in the ED X-ray 
room during the trial period (n = 21), out of hours inclusive, were 
asked to provide PCE comments on trauma radiographs. Partici
pation in performing PCE was voluntary throughout the trial; 
however, department managers and project leads actively 
encouraged engagement during the study period. No formal in
centives or mandatory requirements were introduced.

Procedure

During the pilot, radiographers were instructed to enter a PCE 
comment for all trauma radiographs of the appendicular and axial 
skeleton (see Table 1 for inclusion and exclusion criteria). PCE was 
limited to the identification of acute trauma pathology only (e.g., 
fracture, dislocation/subluxation, traumatic effusion or retained 
foreign body). If an acute abnormality was identified,  radiogra
phers were asked to briefly  describe the nature and anatomical 
location of the finding  using free text. If no acute traumatic ab
normality was identified, “No bony injury” was selected. Selection 
of “No PCE” or “Uncertain” was recorded as participation for 
engagement analysis but excluded from diagnostic performance 
calculations, as these did not constitute definitive positive or 
negative classifications.

The images were assessed on either a Philips Digital Diagnost 
(Unique 1) or Fujifilm  Flex (Console Advance) workstation. The 
radiographers were asked to evaluate the images immediately 
after image acquisition and to enter a PCE comment in the ‘event 
comment’ box of the Radiology Information System (RIS) (not 
visible to the referring clinician). Prior to the study, training ses
sions were held to introduce the PCE process and classification 
scheme (Table 2), and a quick-reference poster reminding partic
ipants of the classification system and inclusion criteria was placed 
directly above the X-ray image acquisition consoles.

Data scoring

All PCE entries recorded on the RIS during the study period 
were extracted into a spreadsheet, along with the corresponding 
exam details and demographics. The reference standard for 
determining the correctness of PCE was the definitive clinical 
report on each case, issued by a reporting radiographer or 
consultant radiologist. The report was considered the ground truth 
regarding the findings present.

To enable calculation of diagnostic performance measures each 
PCE was classified as a true positive (TP), true negative (TN), false 
positive (FP) or false negative (FN). Where multiple traumatic 
abnormalities were present, all abnormalities had to be correctly 

Table 1 
Inclusion and exclusion criteria

Criteria Inclusion Exclusion

Modality Projectional 
radiography

All other modalities

Anatomy Appendicular and axial 
skeleton

Visceral examinations

Reason for referral Acute/recenta trauma 
(including suspected 
foreign body)

• Non-trauma related 
(e.g. ? osteoarthritis)

• Post reduction/ 
manipulation

• Plaster change
• Post operative

a Trauma within the last 6 weeks.
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described for the PCE to be awarded a full TP. Some PCE comments 
were awarded fractional marks for partial agreement with the 
report, in line with previous work.15 Partial mark allocations were 
based on the likely effect on patient management of such an error 
in clinical practice. For example, if a clinical report described 
fractures of the distal radius and the ulna styloid process, but the 
PCE noted only the distal radial fracture, the PCE was scored as 
0.75 TP and 0.25 FN. Each case thus contributed a total of 1.0 
summed across TP, TN, FP, and FN.

Comparison and scoring was done by two radiographers on the 
project team (including a reporting radiographer) who worked 
together to reach consensus. To evaluate inter-arbiter agreement 
(i.e., consistency of marking), all cases were independently scored 
by an internal moderator (another reporting radiographer) who 
was blinded to prior scoring and the identities of the PCE authors.

Statistical analysis

Diagnostic performance outcomes—sensitivity, specificity, and 
accuracy—were calculated with 95% confidence  intervals (CIs) 
using the Wilson16 method implemented in VassarStats.17 A non- 
inferiority approach was used to assess whether radiographer 
PCE accuracy was acceptably close to the 92% benchmark standard. 
The null hypothesis stated that radiographer accuracy was more 
than 10 percentage points below the benchmark (i.e., ≤82%). Non- 
inferiority was concluded at the 5% significance level if the lower 
bound of the 95% CI for accuracy exceeded 82%.11,18,19

Differences in proportions between the first and second halves 
of the study period—both in participation and accuracy—were 
assessed using z-tests, with statistical significance set at p < 0.05. 
Inter-arbiter agreement in the classification of PCE outcomes (TP, 
TN, FP, FN) was evaluated using Cohen's kappa statistic20,21

calculated in MedCalc.22 Data handling was performed in Micro
soft Excel.23

Results

Radiographer participation rates

During the pilot, 948 consecutive ED X-ray exams were per
formed in the X-ray room that serves the ED. Eleven exams were 
excluded, either post-reduction or not related to acute trauma 
(trauma over 6 weeks ago). 937 cases were eligible for inclusion, of 
which 412 had a PCE comment on the RIS; an overall participation 
rate of 44.0%. Participation improved over time, from 39.3% (182/ 
463) in the first half to 48.5% (230/474) in the second half of the 
data collection. This increase was statistically significant 
(z = − 2.84, p = 0.0045). The individual-per-radiographer partici
pation rate ranged from 0% to 100%; 4 radiographers provided no 
PCE comments during the audit period (Fig. 1). PCEs were 

documented in 44.9% (390/869) appendicular exams and 32.4% 
(22/68) axial skeleton exams.

At the time of the study, 19 of the 21 radiographers eligible to 
participate were senior radiographers with more than five years' 
post-registration experience. Two radiographers had fewer than 
five  years’ post-registration experience. No relationship was 
observed between individual participation rates and experience 
level.

Diagnostic accuracy

Of the 412 examinations with a PCE comment, 26 were 
excluded from further analysis because either the ‘No PCE’ (1.6%, 
7/412) or ‘Uncertain’ (4.6%, 19/412) comment options were used. A 
further 17 (4.1%) PCE comments were excluded because they did 
not conform to the pre-agreed classification system. This left 369 
PCE comments to compare against the reference standard report. 
The disease prevalence for acute traumatic injury was 35.0% 
(129/369).

The radiographer's PCE diagnostic performance outcomes are 
shown in Table 3 and Fig. 2. The sensitivity, specificity and accu
racy were 80.2% (95% CI, 72.5–86.2), 94.2% (95% CI, 90.4–96.5) and 
89.3% (95% CI, 85.7–92.1), respectively. As the lower bound of the 
accuracy confidence interval (85.7%) exceeded the predefined non- 
inferiority margin (82% accuracy), radiographer PCE performance 
was statistically non-inferior to the 92% benchmark. Accuracy of 
PCE comments was higher in the second half of the data collection 
period (91.5% vs 85.8%); however, this did not reach statistical 
significance (z = − 1.91; p = 0.056). The number of axial skeletal 
examinations with PCE was very small (n = 14), making it 
impossible to draw meaningful comparisons with appendicular 
performance.

Inter-arbiter agreement

Kappa statistic demonstrated “very good” agreement21 (K =
0.93; 95% CI: 0.89–0.96) between initial scoring and indepen
dent moderation when classifying the PCE comments TP, TN, FP, 
and FN.

Error analysis

Of the 369 evaluated PCE cases, 39.5 errors were recorded, an 
error rate of 10.7%. This includes both complete errors and partial 
errors, the latter counted fractionally. Table 3 provides a break
down of the errors by body region. FN were the most common 

Table 2 
Preliminary clinical evaluation classification  scheme and keywords with 
definitions.

RIS key word/s Meaning

‘No PCE’ Unable to provide a PCE (e.g. lack of 
time)

‘No bony injury’ No acute traumatic abnormality 
identified

‘Uncertain’ If the radiographer is uncertain of the 
image findings

‘Abnormal’ – to include a brief 
comment on the nature and 
location of the abnormality

Acute traumatic abnormality identified: 
Acute fracture, raised fat pads in the 
elbow or lipohemarthrosis in the knee, 
subluxation or dislocation, foreign body
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Figure 1. Individual radiographer preliminary clinical evaluation per exam 
participation.
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error type, accounting for 25.5 of the 39.5 errors (64.6%), while the 
remaining 14 errors (35.4%) were FP.

False negative errors were often related to undercalling subtle 
fractures or soft tissue signs, including nondisplaced fractures, 
small avulsion fractures, paediatric buckle fractures, and elevated 
fat pads. Several FN errors related to retained foreign bodies (small 
glass fragments). A proportion of FN errors were fractional misses, 
where the primary injury was detected but additional abnormal
ities overlooked (e.g., distal radius fracture with unrecognised ul
nar styloid fracture), or the correct anatomical location was not 
reported (e.g., labelling a fracture as “proximal radius” on a wrist 
X-ray). Of the 33 cases contributing to full or partial FN errors , 10 
(30.3%) occurred in cases where terms of equivocation were used 
in the reference standard report, i.e. suggestive, likely, suspicious, 
and equivocal.

False positive errors were less frequent and primarily reflected 
overcalling of normal or non-acute findings,  including accessory 
ossicles or healed fractures. A small number of cases related to 
overcalling subluxations and dislocations, or soft-tissue signs such 
as raised fat pads or lipohaemarthrosis.

PCE turnaround time

The time between exam ‘attendance’ on the RIS and the PCE 
entry time was assessed as a surrogate for PCE turnaround time. It 
is important to note, however, that this is an imperfect way to 
assess PCE turnaround time, as it includes the time required for 
image acquisition and is further confounded if the examination 
was attended on the RIS but delayed. Within this caveat, the me
dian time between attendance and PCE entry was 12 min (inter
quartile range: 7–22 min); the outliers reflect  delayed PCE 
documentation (Fig. 3).

Discussion

This pilot study was carried out in response to the SoR's4 call for 
radiology departments without 24-h hot reporting to adopt PCE as 

a ‘safety net’ approach to support referrers and minimise patient 
risk. An immediate formal clinical report remains the gold stan
dard, but this is not currently feasible locally due to financial and 
staffing  limitations. By piloting radiographer PCE, we aimed to 
assess its feasibility and effectiveness and guide the future estab
lishment of a permanent PCE service.

Radiographer engagement with the PCE process in our pilot 
was moderate overall. Only 44% of eligible ED trauma radiographs 
received a PCE comment, though encouragingly, the rate was 48.5% 
in the second half of data collection. Participation varied widely 
between individuals – while some radiographers provided a PCE 
on most exams they performed, four radiographers did not enter 
any comments during the study period. In a comparable pilot by 
Lidgett et al.14 at a UK district general hospital, a 66% PCE partic
ipation was achieved. The researchers found that radiographers 
who received local training were significantly more likely to pro
vide PCE than radiographers who did not. Our lower initial 
participation likely reflects  the challenges of changing workflow 
and some radiographers’ hesitation. Anecdotally, some staff re
ported that they often forgot to provide a PCE during the trial and 
others were concerned about “getting it wrong”. In addition, 
disagreement with the implementation of a radiographer PCE 
system due to perceived workload impact was also cited. Prior 
research24,25 suggests radiographers generally view PCE positively 
and as beneficial to patient care; however, time constraints, lack of 
confidence,  limited training, and fear of litigation are common 

Table 3 
Region-specific and overall diagnostic performance of radiographer preliminary clinical evaluation (sensitivity, specificity, and accuracy with 95% confidence intervals).

Region TP TN FP FN Sensitivity % (95% CI) Specificity % (95% CI) Accuracy % (95% CI) Error rate %

Upper limb 72.25 85 8.5 12.25 85.5% (76.5–91.5) 90.9% (83.4–95.2) 88.3% (82.8–92.3) 11.7
Lower limb 29 130 5.5 12.5 69.9% (54.7–81.7) 95.9% (91.2–98.2) 89.8% (84.5–93.5) 10.2
Axial 2.25 11 0 0.75 75.0% (25.6–96.3) 100.0% (74.1–100.0) 94.6% (70.8–99.2) 5.4
Total 103.5 226 14 25.5 80.2% (72.5–86.2) 94.2% (90.4–96.5) 89.3% (85.7–92.1) 10.7
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Figure 2. Radiographer preliminary clinical evaluation diagnostic performance 
(sensitivity, specificity, and accuracy with 95% confidence intervals).

Figure 3. Distribution of time between exam attendance and preliminary clinical 
evaluation entry. The blue box spans the interquartile range (IQR, 7–22 min); the solid 
line shows the median (12 min). The whiskers extend to the minimum and maximum 
non-outlier values.
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perceived barriers. With proper implementation in line with SoR 
recommendations,4 a proactive clinical governance framework, 
local training and a preceptorship package, and regular audit and 
feedback, participation in a formal PCE system is likely to be 
significantly higher.

Among cases in which radiographers provided a PCE, diagnostic 
performance was high. Overall accuracy of radiographer PCE in our 
study was 89.3%, with a sensitivity of 80.2% for detecting acute 
injuries and a specificity  of 94.2% for confirming  no traumatic 
injury. Importantly, diagnostic accuracy was found to be statisti
cally non-inferior to the 92% benchmark derived from the litera
ture. Our findings  align closely with previous studies of 
radiographer PCE on MSK trauma radiographs in the clinical 
practice setting in the UK. Verrier et al.13 reported an accuracy of 
92% for radiographer PCE, and Lidgett et al.14 reported 89–90% 
accuracy in their pilot, with no significant  difference between 
radiographer groups with and without local training. Sensitivity in 
these studies ranged from 80 to 86%, and specificity  91 to 97%, 
figures in line with our results. Earlier work by Brealey26 proposed 
that any professional interpreting trauma radiographs should 
achieve at least 80% accuracy, with 90% considered optimal and 
95% ideal. Taken together, a growing body of evidence indicates 
that radiographers—without formal postgraduate reporting 
qualifications—can interpret trauma radiographs to a high stan
dard of accuracy (roughly 90% correct), approaching the perfor
mance of expert definitive clinical reports for MSK trauma 
radiographs.

Notably, radiographers tend to have higher specificity  than 
sensitivity in the clinical practice setting. Radiographers are un
likely to overcall pathology that isn't there, though they may 
overlook some traumatic injuries. Although this pattern mitigates 
unnecessary alarm or overtreatment, the findings  make it clear 
that targeted local training and systematic feedback are vital for 
improving sensitivity. Our pilot included only a small number of 
axial skeletal studies, too few to draw firm  conclusions on that 
subset. Verrier et al.13 observed that positive findings on appen
dicular radiographs were interpreted significantly more accurately 
than on axial radiographs. Encouragingly, even without a specific 
training package, the radiographers in our pilot performed well on 
appendicular trauma. Strengthening this foundation through a 
local training programme and ongoing feedback is necessary to 
improve performance, particularly sensitivity.

A clear advantage of radiographer PCE is the potential speed at 
which it can be made available to the clinical team. In our study, 
the median time from exam attendance to PCE entry was 12 min. 
Although this was an imperfect measure, it suggests that by the 
time a clinician sees a patient after returning from radiology, a PCE 
could already be available. Definitive clinical reports typically 
arrive hours or days later, unless a “hot reporting” service is 
operational; even then, few hospitals run a 24-h service. A PCE 
available within minutes can support timely care, mitigate risk and 
improve patient safety.4

Artificial  intelligence (AI) is increasingly being explored for 
fracture detection and is likely to support—or potentially repla
ce—radiographer PCE.3,4 While AI algorithms have the potential to 
improve fracture detection and clinical decision-making, current 
systems have not yet been validated for routine clinical use.4,27 The 
National Institute for Health and Clinical Excellence's most recent 
guidance on early value assessment for fracture detection AI27

confirms  that available technologies should only be used within 
the NHS as part of an evidence generation period—evaluating 
diagnostic accuracy, clinical impact, failure rates, and cost-effec
tiveness—before broader adoption. Oversight remains essential, 
both to verify AI outputs and to interpret them within the clinical 
context. Strengthening ED radiographers' image interpretation 

skills through appropriate implementation of PCE will equip them 
with the knowledge, skills, and confidence  to identify and chal
lenge inaccurate or misleading AI outputs.

Limitations

Participation in PCE was voluntary, and radiographers provided 
comments for only 44% of eligible examinations, introducing the 
possibility of “film-selection bias”.28 Radiographers may have been 
more inclined to comment on examinations they perceived as 
straightforward, potentially inflating  observed accuracy. While 
participants were asked to provide their own independent inter
pretation, no formal blinding to the definitive clinical report was 
implemented. However, during the study the predominant 
reporting model was delayed (“cold”) reporting. PCE turnaround 
times indicate that the majority of comments were entered 
contemporaneously, suggesting they were likely recorded before a 
clinical report was available.

A further limitation relates to the reference standard used. 
Diagnostic accuracy estimates rely on comparison with a reference 
standard that, in theory, is 100% sensitive and specific,29 yet sub
stantial inter-observer variation exists even among experienced 
observers when interpreting trauma radiographs.30 In our data, 
30% of full or partial false-negative errors occurred in cases where 
the reference standard report used equivocal terminology. This 
uncertainty within the ground truth highlights the inherent limi
tations of using a single clinical report as the reference standard. 
Although such an approach was pragmatic and appropriate for this 
service evaluation, it inevitably introduces reference-standard 
bias.28

Conclusion

This pilot study demonstrates that radiographers can provide 
timely and accurate PCEs for ED trauma radiographs, with diag
nostic performance comparable to published literature and sta
tistically non-inferior to the predefined  accuracy standard. 
Nevertheless, the study reinforces that sensitivity—while accept
able—remains the key area for further gains. Participation was 
moderate but improved over time, suggesting growing confidence 
and familiarity with the process. With appropriate governance, 
structured training, and routine integration of PCE into depart
mental protocols, radiographer participation and diagnostic per
formance are likely to improve. PCE represents a viable safety-net 
approach for departments without 24-h hot reporting, supporting 
early identification of abnormalities and enhancing patient safety. 
Continued development of radiographer image interpretation 
skills will also position the workforce to engage safely with 
emerging AI tools and maintain oversight of automated outputs. 
Overall, the findings  support the feasibility and value of estab
lishing a permanent PCE service within our department.

Ethics approval and consent to participate

This project was conducted as a registered service evaluation at 
Jersey General Hospital and, in line with local governance pro
cedures, did not require formal Research Ethics Committee 
approval. All data were handled in accordance with institutional 
confidentiality and information-governance standards. No identi
fiable  patient information beyond routine clinical records was 
used. Written consent for publication was not required as no 
identifiable data are included.
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