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ABSTRACT
INTRODUCTION: Studies targeting medical students and 
junior doctors have shown that their radiological skills are 
insufficient. Despite the widespread use of chest X-ray; 
however, a study of Danish junior doctors’ skills has not 
previously been performed. 
MATERIAL AND METHODS: A total of 22 participants per-
used a standardised series of ten chest X-rays. The test used 
a multiple-choice form for each image, and the clinical data 
and the tentative diagnosis of each image were also made 
available to the participants. For each image, the partici-
pant chose a single primary diagnosis; and for each diagno-
sis, the participant’s confidence in the diagnosis was as-
sessed on a five-point Likert scale. The diagnoses were 
divided into four groups: normal findings, chronic diseases, 
acute diseases and hyperacute diseases or conditions. 
RESULTS: A total of 22 doctors receiving basic clinical edu-
cation (BCE) completed the study. Overall, participants cor-
rectly established 51% of the diagnoses. The participants’ 
overall confidence in the primary diagnoses was 57.5% on 
the Likert scale, corresponding to 57.5% confidence in the 
proposed diagnoses. The sensitivity was calculated to 0.49 
(95% confidence interval (CI): 0.41-0.57) and the specificity 
to 0.55 (95% CI: 0.41-0.68).
CONCLUSION: Based on the results from this study, we con-
clude that BCE doctors do not meet the minimum require-
ments for radiological diagnostic skills for the use of chest 
X-ray that were established for this study. 
FUNDING: not relevant.
TRIAL REGISTRATION: not relevant.

Doctors in basic clinical education (BCE) are in the front 
line in emergency wards and trauma centres. It is ex-
pected that they are capable of independently evaluat-
ing chest X-rays, even though the Danish medical educa-
tion does not contain a separate course in radiology 
with a final examination [1-3]. 

International studies of medical students and junior 
doctors show that their radiological skills are insuffi-
cient, and these studies emphasize the need for training 
in radiology [4-6]. To our knowledge and despite the 
widespread use of chest X-ray, a similar Danish study 
has never been performed. An assessment of the Danish 
BCE doctors’ diagnostic skills reading chest X-ray there-
fore seems relevant to medical schools, hospitals, pa-
tients and BCE doctors alike. 

The minimum radiological diagnostic skills that a 
BCE doctor should command are the requirements for 
the doctor of medicine degree as defined at the three 
Danish medical faculties [1-3]. 

Specifically, the pathological findings that students 
must be able to recognize on a chest X-ray are defined in 
the curricula. In addition, there are more non-specific 
requirements for doctors, which they should fulfil during 
their BCE [7]. 

The purpose of this study was to determine  
whether BCE doctors are capable of meeting the min-
imum standards for a BCE doctor’s diagnostic skills using 
thorax X-ray, as required by the Danish medical degree 
and by the Danish Health and Medicines Authority.

MATERIAL AND METHODS
This prospective, multicentre, controlled, cross-sectional 
study was conducted after the test material was valid-
ated and reference diagnoses were established. 

The study was conducted at the following Danish hos
pitals:
– Odense University Hospital, Odense
– Odense University Hospital, Svendborg 
– Hospital of South-west Jutland
– Hospital of South Jutland.

Participants
All 89 BCE doctors affiliated with the above hospitals 
during the period from 1 April 2011 to 5 May 2011 were 
invited to participate.

The study period coincided with the first part of the 
doctor’s BCE term. Long work hours and mandatory 
courses at all hospitals, except at Hospital of South-west 
Jutland, thus prevented many BCE doctors from partici-
pating. The 22 BCE doctors who did participate formed a 
random group, mainly from Hospital of South-west 
Jutland, whose work schedule allowed them to partici-
pate in the study. The age and the sex of the participants 
were not registered, but both men and women partici-
pated.

The inclusion criteria were: Persons holding a med-
ical degree from a Danish University and currently work-
ing as a BCE doctor. 

The exclusion criteria were: Former position at a ra-
diological department or other training in radiology.
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The framework of the study
Participants evaluated a standardised series of ten chest 
X-rays at a radiological workstation with a Radiology Im-
aging System and picture archiving system (RIS/PACS). 
For each image, the participants chose a single primary 
diagnosis in a multiple choice form. Participants also re-
corded their assessment of how confident they were 
with regard to their chosen diagnosis. Measuring partici-
pants’ confidence in their diagnoses provided a tool for 
assessing whether BCE doctors are aware of the limita-
tions of their own abilities. 

The trial took place at various hospitals, and it was 
estimated that differences in the quality of monitors and 
the physical environment could affect the results and 
lead to differences in the BCE doctors’ measured per-
form ance [8]. To counteract this, the trial was assigned 
to hospital radiology departments with displays of a di-
agnostic standard, arranged in rooms with proper back-
lighting. To further standardise conditions between hos-
pitals, the images were shown with an external DICOM 
image module (K-PACS. V.1.6.0.)

The primary diagnoses included in the study only 
comprised conditions and diagnoses that are commonly 
seen in emergency wards. Thus, the trial reflects the BCE 
doctors’ daily work. The images used in the study were 
chosen according to the following criteria: 

– The image should contain a single primary diagnosis 
without additional secondary findings that could 
create doubt as to which diagnosis was the primary 
one

– The primary diagnosis had been verified by series of 
X-rays, or other modalities, such as computed 
tomography or magnetic resonance imaging

– The primary diagnosis should not contain atypical 
visual elements

– The findings of the primary diagnosis should be 

visually clear and not be concealed by other 
structures

– The image should be of good quality without 
artifacts

– A correct clinical reference and a tentative 
diagnosis should be provided with the image.

Observance of these criteria is tantamount to adherence 
to the recommendations of radiological images suitable 
for studies [9]. This study included ten primary diagno-
ses in the image material. The images were exported in 
DICOM format so as to maintain the original image qual-
ity. For each image, the original reference text and a 
tentative diagnosis were copied directly from the RIS/
PACS system for use in the multiple choice form. 

Questionnaire
The test used a standardised multiple-choice form for 
each image. The form was designed for maximum clarity 
and minimised the risk of errors during the subsequent 
data processing [10]. For each picture, the clinical data 
and the tentative diagnosis were provided. This was 
done to simulate the conditions in BCE doctors’ daily 
work and to provide optimal conditions for diagnostics 
[11]. For each picture, the participant should choose a 
single primary diagnosis out of 37 possible diagnoses, 
and for each diagnosis the participant’s confidence in 
the diagnosis was assessed on a five-point Likert scale 
[12]. The diagnoses were divided into four groups: nor-
mal findings, chronic diseases, acute diseases and hyper-
acute diseases or conditions.

Validation
To validate the material used in the study [13], radio-
graphs and questionnaires were tested by three experi-
enced radiologists under the same conditions as were 
later used in the study. There was no inter-observer vari-
ation, and there was consistency between the original 
radiological findings and the primary diagnoses chosen 
by the radiologists. 

Statistical analysis 
Danish BCE doctors’ ability to interpret chest X-rays was, 
to the best of our knowledge, unknown prior to this 
study, and no other studies were available for compari-
son. Thus, no formal sample size computations were 
performed at the planning stage. The actual number of 
participants was determined by practical limitations, but 
as many participants as possible were invited to partici-
pate in the study.

Data were presented and described according to 
data type: categorical variables were analysed using fre-
quency tables, continuous variables were examined with 
descriptive statistics such as mean, median and standard 

Normal chest X-ray, 
used in the study.
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deviation. Where data were not normally distributed, 
non-parametric methods were used. Point estimates 
were supplemented by corresponding 95% confidence 
intervals (CI). Because the participants all scrutinised the 
same ten pictures, clustered sandwich estimators were 
used for the computation of the 95% CI. In addition, the 
participant’s confidence in the proposed diagnoses was 
calculated and expressed as the sum of scores from the 
Likert scale. 

Primary endpoints were a) the total percentage of 
correct primary diagnoses and b) the percentage of cor-
rect primary diagnoses for every single image. 

Secondary analyses focused on the sensitivity and 
specificity of the BCE doctors’ diagnostic ability. To that 
end, the primary diagnoses were divided into two 
groups. The categories 1 and 2, i.e. “Normal” and 
“Chronic changes” were combined to form the category 
“Healthy”. These findings had no immediate conse-
quences to the patients, regardless of the BCE doctors’ 
diagnoses. Moreover, the categories 3 and 4, i.e. “acute 
conditions” and “hyperacute conditions” were combined 
to form the category “Sick” since these findings require 
immediate action and, therefore, are highly dependent 
on the BCE doctors’ judgment. Thus, category 1 and 2 
findings that were assessed as category 3 or 4 findings 
were “false positives”. Correspondingly, category 3 and 
4 findings that were assessed as category 1 or 2 findings 
were “false negatives”. Assessing sensitivity and specific-
ity in this way provides information on BCE doctors’ abil-
ity to distinguish conditions that require instant treat-
ment.

All data were entered into Microsoft Excel 2007 
spreadsheets and calculated with Stata/MP 12.1 
(StataCorp LP, College Station, Texas, USA).

Trial registration: not relevant.

RESULTS 
Primary diagnoses  
A total of 22 BCE doctors completed the study (Table 1). 
The result for every participant (Table 2) and every sin-
gle image in the study was calculated (Table 3). Overall, 
participants chose correctly in 51% of the diagnoses 
(95% CI: 0.43-0.58) with the greatest number of correct 
answers being provided for picture six, which was nor-
mal and without pathological findings. 

Confidence
The figures for the participants’ confidence levels for 
each diagnosis were rated on a five-point Likert scale 
corresponding to 0-100% (Table 3). The participants’ 
overall confidence in the primary diagnoses was an ac-
cumulated average of 33 for all ten pictures, but with 
large variation between the different pictures (standard 

deviation 7.8). This gives an overall confidence level of 
3.3 on the Likert scale, corresponding to a 57.5% confi-
dence in the proposed diagnoses. 

Sensitivity and specificity
The assessment of sensitivity and specificity of the BCE 
doctors’ diagnoses allows us to assess whether BCE doc-
tors can distinguish relatively benign conditions from 
ser ious conditions that require immediate treatment. 
We found a sensitivity of 0.49 (95% CI: 0.41-0.57) and a 
specificity of 0.55 (95% CI: 0.41-0.68) (Table 4) 

DISCUSSION
The minimum standards for BCE doctors’ diagnostic 
skills using chest X-ray are established by the faculties at 
the Danish medical schools and by the Danish Health 
and Medicines Authority. In order to assess whether 
these goals have been met, a number of factors must be 
taken into account. 

First of all, uncertainty is associated with any diag-
nostic procedure. This uncertainty is difficult to quantify 
due to the nature of the material and the method used. 
Diagnostic precision varies much, even among trained 
radiologists. Studies attempting to measure this uncer-
tainty indicate that the number of errors made by 
trained radiologists fall in the 11-30% range [9, 14]. 
Other studies of inexperienced doctors’ radiological di-
agnostic abilities show errors in diagnostic accuracy 
ranging from 28% to 45% [5, 6]. It is therefore evident 
that the acceptable maximum number of diagnostic er-

TABLE 1

Participants by hospitala. 

Participants

Hospital n %

Odense University Hospital   6   27

Odense University Hospital, Svendborg        3   14

Hospital of South Jutland                                2     9 

Hospital of South-west Jutland   11   50

Total 22 100

a) The age and sex of the participants were not registered.

TABLE 2

Number of correct primary diagnoses for each participant.

Sum of correct answers

0 1 2 3 4 5 6 7 8 9 10 total

Frequency, all groups – 1     – 2  5 4 8 1 –  1 – 22

Estimated % of correct primary 
diagnoses, all groups  
(95% confidence interval)

0.51
(0.43-0.58) 
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rors allowable for the study cannot be clearly defined, 
and it is therefore necessary to set a theoretical min-
imum level . 

The study uses optimal radiological material, is 
based on well-defined diagnoses and radiographs which 
were analysed under optimal conditions. During their 
education, BCE doctors are examined in the particular 
diseases and analysis of radiological findings is part of 
their curriculum. During the test, they had access to the 
relevant clinical findings and a tentative diagnosis. The 
threshold value chosen for this study is that in this well-
defined context and working under optimal conditions, 
BCE doctors ought to score high on diagnostic certainty 
corresponding, as a minimum, to the lowest certainty 
reported for radiologists. Therefore, an error rate of up 
to 30% of the primary diagnoses was deemed accept-
able. 

Only 22 BCE doctors participated, but the results of 
the study were still statistically significant given the cho-
sen theoretical threshold value. The participants were 
deemed representative of all three Danish medical fac-
ulties. BCE doctors participating in the survey had an 
overall accuracy of 51% (95% CI: 0.43-0.58) correct pri-
mary diagnoses. These figures largely confirm the results 
of international studies of junior doctors and medical 

students [5, 6]. It is important to note that these earlier 
studies included all overlooked radiological findings, 
whereas our study was based on well-defined findings 
and related to their clinical significance. A shared char-
acteristic of the primary diagnoses is that the estimates 
as well as the upper limits of the corresponding 95% CI 
fall below the minimum threshold value defined in this 
study.

A sensitivity of 0.49 (95% CI: 0.41-0.57) and a spe-
cificity of 0.55 (95% CI: 0.41-0.68) also indicate a risk 
that BCE doctors make mistakes when assessing the ra-
diological findings. This can lead to delay in life-saving 
treatment or cause patients to be treated too aggres-
sively which may lead to complications. 

The participants’ confidence in the chosen diagno-
ses was 57.5%. This, combined with the diagnostic ac-
cur acy of 51% observed in our study, suggests a risk that 
BCE doctors may misdiagnose a patient without consult-
ing a radiologist or experienced colleague. 

CONCLUSION
Based on this study, we conclude that BCE doctors do 
not meet the established minimum requirements for ra-
diological diagnostic skills for the use of chest X-ray. 

Every working day, BCE doctors make independent 
decisions on the basis of paraclinical test results. These 
decisions can have serious consequences for patients; 
for example, an overlooked pneumothorax may be life-
threatening.

In the new united emergency wards (FAM) and in 
hospital departments, BCE doctors are in the frontline. 
Although BCE doctors often have the opportunity to 
consult colleagues, this does not change the fact that a 
BCE doctor may misdiagnose an X-ray and decide not to 
consult others because of misplaced confidence in their 
own abilities. 

In the medical world, there is a belief that young 
doctors are capable of acquiring the needed skills 
through work experience and thereby become more 
competent in making clinical decisions without receiving 
structured training. One study [7] demonstrated that 
there was no improvement in the radiological skills of 
junior doctors over a period of six months, unless they 
received structured training. 

On this basis and keeping in mind the results of the 
present study, we recommend that increased time and 
resources be allocated to training of medical students 
and BCE doctors in basic radiology.
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TABLE 3

Number of correct primary diagnoses for each picture.

Picture no.

Estimate 
(95% confidence  
interval)

1: Stasis pulmonum magna gradu   0.59 (0.37-0.81)

2: Effusio pleura dexter magna gradu 0.41 (0.19-0.63)

3: Abscess/empyema 0.5 (0.27-0.73)

4: Fracturae costae sequelae sinister 0.23 (0.04-0.42)

5: Emphysema pulmonum 0.63 (0.42-0.85)

6: Normal picture, no pathology 0.77 (0.58-0.96)

7: Pneumonic infiltrate sinister 0.05 (0-0.14)

8: Malignant infiltrate sinister 0.55 (0.32-0.77)

9: Pneumothorax dexter 0.73 (0.53-0.93)

10: Pneumothorax dexter 0.59 (0.37-0.81)

TABLE 4

Specificity and sensitivity.

Category
Specificity 
(95% CI)

Sensitivity
(95% CI)

1 & 2: normal and chronic  
conditions (i.e. “healthy”)

0.55 (0.41-0.68) –

3 & 4: acute and hyperacute  
conditions (i.e. ”sick”’)

– 0.49 (0.41-0.57)

CI = confidence interval.
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