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Introduction: Access to image interpretation in Ghana remains a challenge with the limited number of
radiologists. Radiographers with the right skills and knowledge in image interpretation could help
address this challenge. The aims of the study were to determine and compare the ability (accuracy,
sensitivity and specificity) of radiographers and junior doctors in interpreting appendicular trauma ra-
diographs both before and after training.
Methods: An action research study involving a pre and post training test was carried out to determine
the level of accuracy, sensitivity and specificity in abnormality detection by radiographers after under-
going training when compared to junior doctors. Eight radiographers and twelve junior doctors were
invited to interpret an image bank of 30 skeletal radiographs, both before and upon completion of an
educational program. The participants’ tests were scored against a reference standard provided by an
experienced radiologist. Pre and post-test analysis were carried out for comparison.
Results: Post training mean accuracy (radiographers 83.3% vs 68.8%, p = 0.017; doctors 81.9% vs 71.6%,
p = 0.003), sensitivity (radiographers 83.3% vs 69.2%, p = 0.042; doctors 77.2% vs 67.8% p = 0.025) and
specificity (radiographers 83.3% vs 68.3%, p = 0.011; doctors 86.7% vs 75.6% p = 0.005) of both groups
significantly improved. No significant differences were recorded between the radiographers and doctors
after the training event.
Conclusion: The study revealed that, with a well-structured training program, radiographers and junior
doctors could improve on their accuracies in radiographic abnormality detection and commenting on
trauma radiographs.

© 2019 The College of Radiographers. Published by Elsevier Ltd. All rights reserved.
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Introduction

Accurate and timely interpretation of radiographs is important
in making informed decisions in the diagnosis and management of
patients. Any delay in accessing radiological reports could affect
both the clinician's management and patient's outcome. The
shortage of radiologists' in several countries has led to radiogra-
phers extending their roles in image interpretation. Ghana has a
radiologist to population ratio of 1:350,000” and access to image
interpretation remains a challenge. Radiographers extending their
roles in image interpretation could therefore help address this
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challenge. Image interpretation by radiographers has gone through
several stages over the years. The “red dot” scheme which was the
first level of image interpretation>* among radiographers served as
a means for radiographers to notify clinicians the presence of any
abnormality on an X-ray.>® However, the “red dot” scheme
restricted radiographers from specifying and describing the loca-
tion and nature of an abnormality.” The second level of image
interpretation is the radiographer commenting scheme which in-
volves the ability of radiographers to identify and describe abnor-
malities on radiographs,> and was introduced as a result of the
limitations associated with the “red dot” scheme.>® Though the
frontline role of radiographers in commenting on radiographs
could improve their job satisfaction and professional standing,® it
could also be cost effective. While the “red dot” scheme limited the
radiographer in communicating an opinion to the healthcare
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team,’ the commenting scheme gives opportunity to describe the
appearance and location of any perceived abnormality.>>® This
helps reduce the time and stress required by referring clinicians in
searching for abnormalities associated with a “red dot”. Though the
provision of initial accurate written comments for Accident and
Emergency (A & E) radiographs could improve the overall turn-
around time required by clinicians to make decisions,*>'° it could
only be achieved when radiographers acquire the appropriate
training. Several studies®!°~'> have reported increase in accuracies,
sensitivities and specificities among radiographers who engaged in
written commenting on radiographs in the A & E after receiving
training. In a comparative study by Piper and Paterson'? among
radiographers and nurses on commenting of trauma radiographs,
both groups recorded an increase in sensitivity and specificity
following training. Though an earlier study by Atta-Boateng'*
revealed the willingness of Ghanaian radiographers to extend
their roles in film interpretation, the study failed to assess the
image interpretation abilities of the radiographers. This study
therefore sought to assess the impact of an educational training on
the film interpretation abilities of radiographers in Ghana. The third
level of image interpretation is the radiographer reporting scheme
which involves radiographers who have completed high level
postgraduate education and are able to independently issue formal
written reports similar to radiologists.>>1>1°

Aims

The aims of this study were to determine and compare the
ability (accuracy, sensitivity & specificity) of radiographers and
junior doctors in interpreting appendicular trauma radiographs
both before and after training.

Methods
Research design

An action research study was conducted since the project aim
was to implement and assess the potential for a change in current
practice including pre and post-implementation training. Action
research seeks to cause a change by generating new methods or
ideas'” in a way to improve current practice.'®

Ethical considerations

Appropriate approval for the study was gained from the Shef-
field Hallam University Research Ethics Committee and the Ghana
Health Service Ethics Committee (GHS-ERC:11/02/2017).

Recruitment

A convenient group of eight (8) radiographers and twelve (12)
junior doctors were available at the time of the study for partici-
pation in the study. Specialists, consultants and senior medical
officers were excluded from the study because they may have ac-
quired some form of experience in image interpretation in the
course of their practice. It was explained to the participants that
their participation in the study was voluntary. None of the twenty
participants dropped out in the course of the study.

Selection of images

Thirty (30) radiographic images of the appendicular skeleton
following trauma were drawn from a pool of images from the image
reader of the X-ray department of the study site. The images were
spread between normal and abnormal with approximately a 50%

split and had already been reported on by the consultant radiolo-
gist at the hospital. The reports of these images were retrieved from
the computer archives to serve as reference point for comparison of
results from the participants. Two normal variant images of the
epiphyseal growth plates of the knee and elbow joints were
included as part of the test content to test the ability of the par-
ticipants in recognising epiphyseal lines.” Perceptual and cognitive
errors are common cause of missed diagnosis in image interpre-
tation.' Similarly, inaccurate diagnosis could also arise from the
lack of more than one radiologist in reviewing radiological re-
ports.”? A previous study had reported of an inter-observer varia-
tion occurring in 10% of skeletal radiographs reported among
consultant radiologists.”! Inter-rater reliability is the extent to
which more than one radiologist assigns the same report to the
same diagnostic test.>? It would have been ideal to have more than
one radiologist in producing the study reference standard in other
to ensure reproducibility of the reports. However, due to the lack of
radiologists in the region, the researchers had to fall on the only
consultant radiologist available. The consultant radiologist, having
practiced for several years had a lot of experience to ensure reli-
ability of the reports. Additional images of the appendicular skel-
eton following trauma were also printed in hard copy forms for the
training program. The test images did not form part of the images
for the training sessions in other to prevent recall bias.

Participant information sheets and consent forms

Before the commencement of the study, each participant was
issued an information sheet and consent form outlining the details
of the study. It was clearly stated on the consent form that partic-
ipation in the study was voluntary and that participants could
withdraw from the study at any point in time. Each participant was
provided with a specific code made available on the information
sheet and the pre-test answer booklets. Participants were to pro-
vide the code on the answer booklet during the post training test to
enable the researchers correlate the individuals' pre/post test
scores. One professional group was coded with letters and the other
with numbers. The test marker was also not privy to the difference
between the coding of the groups in other to avoid marking bias. In
the answer booklet, the participants were to specify how they
perceived their ability to interpret radiographs in normal clinical
practice using a scale of 1-10. A score of 1 represented ‘not at all
accurate’ and a score of 10 represented ‘very accurate’. No names
were provided by participants in the course of data collection to
ensure anonymity.

Pre and post training tests

The selected images for the study were printed in hard copy
forms since the participants viewed their X-ray images in hard copy
forms in normal clinical practice. Proper viewing conditions are
important when interpreting radiographs hence the test room was
set up with room illumination at ambient light levels to reduce eye
strain®® and avoid image interpretation errors.”* The viewing boxes
had bright lights and spot viewing areas to aid in viewing subtle
parts of any image. Magnifying aids were also made available at
hand to help visualize less visible parts of any image. All the images
were serialized with numbers from 1 to 30 to avoid mix-up and also
for easy correlation with the corresponding clinical histories indi-
cated in the answer booklets provided. The clinical history was
based on the history stated on the X-ray request at the time of
initial referral for the X-ray test.! Participants had to identify and
state whether each image presented was normal or abnormal. For
all images answered as abnormal, participants were to describe
briefly the location and nature of abnormality. A maximum of
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45 min was allocated for the session after which the booklets were
collected. The allocated time was based on a previous study that
allowed 150 min for 100 images (90 s per image).” The 45 min was
also to enable participants have ample time to make informed
decisions on the images presented and also to revisit any image that
they were initially unsure of. Similarly, a guideline from the Royal
College of Radiologists, United Kingdom recommends an approxi-
mately 90 s per examination in interpreting radiographic
examinations.”!

Training sessions

Participants underwent two training programmes in appendic-
ular skeletal radiograph interpretation carried out by an experi-
enced consultant radiologist across a period of 2 weeks. The
training content was similar to what had been employed in a pre-
vious study by Hazell et al.” Attendance was taken to monitor that
every participant was present for all training sessions and tests
carried out.” The training programme involved an introduction to
pattern recognition and its application to the appendicular skel-
eton. The lectures were a combination of Power-Point pre-
sentations and practical trainings. Lecture notes for the training
program in the form of hard copy manuals were provided for each
participant. Digital copies of the lecture notes and additional digital
images with a variety of trauma abnormalities were also made
available to the participants for individual use. Participants were
taken through a checklist containing a systematic method of eval-
uating images for potential abnormalities. The participants were to
use the checklist, skills and techniques acquired to interpret images
during the post-test. Three days after the last training session, the
participants were given the same image test bank used for the pre-
test to interpret. The same steps for the pre-test were employed for
the post-test. There was about a three week period between pre
and post testing. Due to the low staffing strength of the de-
partments and the busy work schedule of the participants, it was
impossible to lengthen the study period. In addition, junior doctors
as part of their housemanship training are periodically rotated to
other district health facilities. Ideally, a larger time interval would
be needed between pre-testing and post-testing as well as the last
training session and post-testing in other to control memory effect.
All the participants were present for both training sessions and
were tested together for both pre and post training tests. The re-
searchers supervised both tests to ensure that participants could
not discuss and exchange answers.

Test marking

The information sheets were removed from the answer booklets
before marking to ensure the scorer was blind to the profession of
the individual participants.'” The answered questions were marked
by an experienced radiographer with over 30 years of clinical
experience against the reference standard. The format of marking
and scoring was based on similar format applied in previous
studies.'®?> An image correctly classified as normal or abnormal
with correct location and description of abnormality was awarded a
mark of 2. An image correctly identified as abnormal but with
wrong identification of location and description of abnormality was
awarded a mark of 1. A wrongful spelling attracted no penalty. A
total score of 60 marks was therefore expected from each
participant.

Data analysis

The data was entered into the statistical analysis software, Sta-
tistical Package for Social Sciences (SPSS version 22.0). Significance

threshold was taken at p < 0.05 as a general standard value in social
science research.’® The individuals' performances were rated as
true positive, false positive, true negative or false negative from
which the individuals’ accuracy, sensitivity and specificity were
computed. The data was analyzed for normality using the
Kolmogorov—Smirnov statistic and found not to be normally
distributed. The mean performances of both groups were calculated
for the pre- and post-tests (Table 1). The Wilcoxon signed ranks test
was used to compare the pre and post-test performances of each
group. The Mann—Whitney (U) independent sample test statistics
was performed to test for equality between the tests results of both
groups.

Results

The radiographers and junior doctors had work experience
ranging from less than a year to ten years and less than a year to two
years respectively. Two radiographers had practiced for less than a
year and five had practiced between 1 and 5 years. One radiogra-
pher had also worked between 6 and 10 years. Five of the doctors
had between 1 and 2 years of post-registration clinical experience.
Three doctors had practiced for less than 6 months and four had
between 6 and 12 months of clinical experience. In addition, the
majority of participants (n = 18) had experience of A & E cases.

The Pearson's Correlation Coefficient was used to evaluate the
relationship between the participants' perceived image interpre-
tation accuracy prior to the start of the study and the actual accu-
racy of their pre-test. Both radiographers and doctors
demonstrated mild positive correlations (r = 0.2, p = 0.635) and
(r = 0.40, p = 0.197) respectively but were not statistically signifi-
cant. Post-training mean test scores among radiographers signifi-
cantly improved by 14.5 (48.8 vs 34.3, p = 0.012). In addition, there
were significant differences in the post-test mean sensitivity (83.3%
vs 69.2%, p = 0.042), specificity (83.3% vs 68.3%, p = 0.011) and
accuracy scores (83.3% vs 68.8%, p = 0.017). Similar trends were
recorded among the doctors in terms of test scores (48.8% vs 37.3%,
p = 0.002), sensitivity (77.2% vs 67.8% p = 0.025), specificity (86.7%
vs 75.6% p = 0.005) and accuracy (81.9% vs 71.6% p = 0.003).

Area under curve (AUC) performance

The receiver operating characteristic curve analysis was used to
assess the overall performance of both professional groups for the
pre and post-tests. The AUC ranges from 0.0 to 1.0. Statistically
significant higher mean post-test AUC values (0.83 vs 0.7, p = 0.017;
0.82 vs 0.72, p = 0.003) were recorded among the radiographers
and doctors respectively compared to their pre-test performances.
There was no significant difference between the post-test mean
AUC values (0.83 vs 0.82, p = 0.343) of radiographers and doctors.

Table 1
Wilcoxon signed ranks test (z) analysis for the pre and post test results.
Pre test Post test z p-value

Radiographers
Accuracy (SE) 68.8% (4.3) 83.3%(2.1) -2.379 0.017
Sensitivity 69.2% 83.3% —2.035 0.042
Specificity 68.3% 83.3% -2.539 0.011
AUC 0.70 0.83 —2.388 0.017
Doctors
Accuracy (SE) 71.6% (2.3) 81.9(1.3) —2.938 0.003
Sensitivity 67.8% 77.2% -2.239 0.025
Specificity 75.6% 86.7% —2.820 0.005
AUC 0.72 0.82 —2.943 0.003

AUC: Area under curve SE: Standard Error.
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Comparative analysis of test results between radiographers and
doctors

The Mann—Whitney (U) independent sample test statistics
was performed to test for equality between the tests results of
both groups. No statistical differences were recorded when both
groups were compared in terms of their corresponding pre and
post test results (Table 2). The radiographers achieved higher
abnormality detection rate (sensitivity) than the doctors in both
pre and post-test analysis (pre-test, 69.2% vs 67.8% p = 0.792;
post-test, 83.3% vs 77.2% p = 0.135) but statistically insignificant.
The doctors on the other hand attained higher specificity scores
than their counterpart radiographers (pre-test, 75.6% vs 68.3%,
p = 0.305; post-test, 86.7% vs 83.3%, p = 0.521) but the differ-
ences were also not statistically significant. Also, though the
doctors recorded a higher mean accuracy score than the radiog-
raphers in the pretest (71.6% vs 68.8%, p = 0.734), the opposite
was observed for the radiographers in the post test analysis
(83.3% vs 81.9%, p = 0.343) though the differences were again not
statistically significant (Table 2).

Discussion

Worldwide, there has been a paradigm shift in the interpreta-
tion of radiographs, with radiographers playing a frontline role in
the commenting of radiographs.® However, in Ghana, most radi-
ographers who engage in the interpretation of radiographs lack
formal postgraduate training and do so unregulated. There is no
formal postgraduate education in image interpretation for radiog-
raphers offered in any of the tertiary institutions in Ghana. Results
from the study showed radiographers lacked perceived ability in
recognizing and describing X-ray abnormalities following trauma
prior to the training. Imaging pathology and pattern recognition
among student radiographers is taught for one semester at the
University which could be, arguably, inadequate for newly qualified
radiographers to accurately interpret radiographs.® There are also
the resistance from radiologists' and the general lack of accep-
tance of radiographers who engage in written comments on ra-
diographs, which may have accounted for the low level of
confidence (r = 0.2) recorded among the radiographers. The doc-
tors however demonstrated a comparatively higher level of confi-
dence (r = 0.4) than the radiographer in the interpretation of
radiographs in clinical practice though statistically insignificant.
Doctors receive clinical radiology training in the course of their
study to diagnose at first instance and this could be a reason for the
levels of confidence recorded. The willingness of radiologists to
mentor radiographers would therefore be essential in improving
the confidence levels, abnormality detection and description skills
of radiographers.

Table 2
Independent samples Mann—Whitney (U) test between radiographers and junior
doctors.

Radiographers Junior Doctors u p-value

Pre-test

Accuracy (SE) 68.8% (4.3) 71.6% (2.3) 53 0.734
Sensitivity 69.2% 67.8% 44 0.792
Specificity 68.3% 75.6% 62 0.305
AUC 0.70 0.72 53 0.734
Post-test

Accuracy (SE) 83.3% (2.1) 81.9% (1.3) 35 0.343
Sensitivity 83.3% 77.2% 28 0.135
Specificity 83.3% 86.7% 57 0.521
AUC 0.83 0.82 35 0.343

AUC: Area under curve SD: Standard error.

Post-training scores and values achieved by the radiographers
and doctors were statistically higher than those demonstrated in
their respective pre-test scores as outlined in Table 1. The signifi-
cant increase in accuracy, sensitivity and specificity implies the
educational intervention had a positive effect on both groups’
ability to identify and describe traumatic appearances of the
appendicular skeleton. This was consistent with findings from an
earlier study’ among South African radiographers. Furthermore,
separate studies,®'*!1?1227 had all reported of high sensitivities and
specificities among radiographers who engaged in written com-
menting on radiographs of the appendicular skeleton after under-
going training. Hence, a re-test without the training sessions may
not have recorded any improved performances from the partici-
pants.”® This presupposes that radiographers could improve on
their image interpretation skills when given the required training.
To the best of our knowledge, currently, there is no radiographer in
Ghana with post graduate qualification in image interpretation. As
such, radiographers who engage in image interpretation acquire
their skills on-the-job either from senior colleagues or radiologists.
It would therefore be prudent for radiographers to undergo regular
educational trainings of this nature to complement their skills and
knowledge.

Although post-training mean scores significantly improved by
the radiographers and doctors, there were no significant variation
when the test results of both groups were compared. This was
however different from a similar study'® among radiographers and
other health professionals where significant variations in their test
scores were recorded. This is because the institution lacked
guidelines for radiographers and junior doctors seeking to engage
in trauma radiograph interpretation. The non-availability of
educational and mentoring programmes in place implies that
radiographers and junior doctors are unable to improve on their
image interpretation skills. It is therefore prudent that institutions
seeking to implement the commenting scheme put in place
guidelines to regulate its implementation. In terms of experience,
results from the study showed a weak positive correlation between
the years of work experience and the pre-test accuracy scores of
radiographers (r = 0.34, p = 0.40) and doctors (r = 0.22, p = 0.48).
Though doctors are trained to diagnose at first instance, the ma-
jority (n = 7) had worked for less than a year and may not have
acquired enough experience to adequately interpret radiographs.
Similarly, there is growing evidence to suggest the amount of
radiology teaching in undergraduate medical school curricula are
inadequate.’ 3! Moreover, there is no acceptable training struc-
ture in place for junior doctors and radiographers working within
the hospital hence the weak correlation recorded. This implies that
experience alone cannot be enough for accurate interpretation of
radiographs. Combined regular educational trainings and constant
skills practice could therefore be essential for accurate image
interpretation among radiographers and doctors.

The diagnostic test accuracy (AUC) of both groups significantly
improved after post training (Table 1). The AUC value ranges from
1- to 1 and a test is deemed very accurate when the AUC value is
nearer to 1.0.>? Though there were no significant variations in the
mean AUC values of the radiographers and doctors, the mean post-
test AUC values were closer to 1.0 indicating greater accuracy from
the test. The high diagnostic test accuracies exhibited by both group
further signifies the impact of the training programme on their
abnormality detection abilities.

Limitations and recommendations from the study
Findings from the study, may not be a true representation of the

image interpretation skills of the entire radiographers in Ghana due
to the sample size used. The sample size of twenty participants (12
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junior doctors, 8 radiographers) may have not enabled significant
differences to be detected between the two groups. Similarly, the
study was carried out in a single public health facility and the
findings may not be generalized nationally. There was only one
consultant radiologist and test scorer used in the study which could
be a source of bias. It was important to have more than one radi-
ologist and scorer in other to eliminate bias and ensure reproduc-
ibility of results.”?> There could also be the possibility of memory
effect due to the about 3 week interval between the pre-test and
post-test. The training programme was limited to the appendicular
skeleton and did not investigate the cost implication of imple-
menting such abnormality detection scheme. Subsequent studies
could focus on other anatomical regions of interest and the cost
implication in implementing such scheme.

Conclusion

The study revealed an increase in accuracy, sensitivity, speci-
ficity and confidence levels among radiographers and junior doc-
tors after a training event. The participants lacked confidence in
recognising and describing trauma abnormalities prior to training.
No significant variations were recorded between the radiographers'
and junior doctors’ trauma X-ray interpretation abilities. The
outcome of the study indicated that the required training can
improve initial levels of confidence and image interpretation skills
in both radiographers and junior doctors in contributing to the
clinical diagnosis and management of patients.
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