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Abstract

Medical staff must be able to perform accurate initial interpretations of radiography to prevent diagnostic errors. Education in
medical image interpretation is an ongoing need that is addressed by text-based and e-learning platforms. The effectiveness of
these methods has been previously reported. Here, we describe the effectiveness of an e-learning platform used for medical image
interpretation education. Ten third-year medical students without previous experience in chest radiography interpretation were
provided with e-learning instructions. Accuracy of diagnosis using chest radiography was provided before and after e-learning
education. We measured detection accuracy for two image groups: nodular shadow and ground-glass shadow. We also distributed
the e-learning system to the two groups and analyzed the effectiveness of education for both types of image shadow. The mean
correct answer rate after the 2-week e-learning period increased from 34.5 to 72.7%. Diagnosis of the ground glass shadow
improved significantly more than that of the mass shadow. Education using the e-leaning platform is effective for interpretation of
chest radiography results. E-learning is particularly effective for the interpretation of chest radiography images containing ground

glass shadow.
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Introduction

Early diagnosis and treatment are important for the convales-
cence of patients, as they enable lifesaving treatments in emer-
gencies. Patients whose radiography results are interpreted in
a timely manner have better convalescence [1]. However, due
to the low numbers of radiologists and increases in the num-
bers of radiographic examinations at night, interpretation of
radiography images on the same day during emergencies has
become difficult [1].

The interpretation of radiography images by medical assis-
tants would have a large positive impact in clinical practice.
However, medical staff do not have sufficient education to
interpret imaging results in university or training institutions,
as the interpretation of radiographs is difficult and requires
considerable training [2—5]. The effectiveness of e-learning
and its use along with traditional methods of education has
been reported in recent years [6—13]. This has led to more
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widespread use of textbooks and e-learning systems for the
interpretation of radiography images, although details regard-
ing the effects of these types of training are unclear.

The initial stage of image interpretation is to recognize an
abnormal shadow. In the emergency setting in particular, the
recognition of the abnormal shadow by medical staff greatly
influences the convalescence time of the patient. Radiological
image interpretation may involve several modalities and or-
gans. We evaluated the effects of e-learning on student learn-
ing of the interpretation of chest radiography images that
would be considered relatively common radiological images.

Materials and Methods
Subjects

Ethical review board approval was obtained for this study, and
informed consent was obtained from all participants. Ten vol-
unteers were invited via public announcements for the evalu-
ation of the e-learning system. The volunteers were third-year
medical students who (1) had anatomy education and so could
understand the names and positions of the internal organs, and
(2) had not attended any lectures on the interpretation of
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Fig. 1T An example of a question images used by the testing tool of the e-learning platform in this study. Similar images were used for the questions

presented to the novice students during testing

radiograms. This ensured that the subjects would be consis-
tently knowledgeable but not have any radiology experience.

The e-Learning Platform Software Used
for the Interpretation of Radiographic Images

The e-learning system software used for the interpretation of
radiograms was “Dokuei-Shinan,” which is produced by the
non-profit medical organization Shinansha (https://160.16.

Case image No: 61

Findings: Nodular shadow, Calcification

Diagnosis: Lung cancer, Calcified lymphadenopathy, Inflammatory
change

From a posterior-anterior view, we can see 22mm-sized nodular shadow (==) in the right upper lung field
(lateral). It was lung cancer.

From a posterior-anterior view, we can see calcification (=) in bilateral hilum. It was calcified
lymphadenopathy.

From a posterior-anterior view, we can see nodular shadow (=) with the calcification in the left lower lung field.
It was inflammatory change.

posterior-anterior view
The existance of nodular shadow and

lymphadenopathy with the calcification
indicates a tuberculous lesion, but we
need to pay attention because lung
cancer may be complicated like this
case.

|

a

228.72/navitool/full system en/www/main/). We can
purchase these platforms on the Internet. This system can be
used to learn the interpretations of radiography images and to
add to the experience of specialized physicians using the
semantic web [14]. This e-learning soft was made based on
diagnosis results of specialists of many physicians and was made
for the education purpose of the beginner. This platform supports
interpretation of images from various organs using different mo-
dalities. We used the chest radiogram interpretation tool in the

Case image No: 124
Findings: Ground glass opacity, Reticular shadow, Cystic change
Diagnosis: Drug-induced pneumonia, Bulla

In posterior-anterior view, ground glass opacity and reticular shadow are shown in bilateral middle and lower lung
field. This was drug-induced pneumonia.

In posterior-anterior view, cystic changes (=) are shown in bilateral apexes of lung, bilateral upper lung field,
and right middle lung field. Those show bulla.

posterior-anterior view
Several clear trabecular shadows (
=) which are different from
vascular shadows are shown.
i - And the lung field lacks normal
- vascular shadow and has a lot of air
o (bright).
{ Bulla is thought to be exist.
Also, on bilateral lower middle lung
field, delicate reticular shadow is
shown.
£

b

Fig. 2 a Screenshot from the e-learning platform. a Commentary screen for a nodular shadow. b Commentary screen for a ground glass shadow
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Fig. 3 The chronological scheme
for the three tests and the learning
process in the two groups

Group A (5 persons)

Group B (5 persons)

1st test 30 questions (nodularshadow + ground-glass opacity)

e-learning for only
nodular shadow

e-learning for only
ground-glass opacity

2nd test 30 questions (nodularshadow + ground-glass opacity)

e-learning for only
ground-glass opacity

e-learning for only
nodular shadow

3rd test 30 questions (nodularshadow + ground-glass opacity)

software. This tool utilizes 500 cases of chest radiography.
Nodular shadows, granular shadows, ground glass shadows,
and linear shadows are distinguished and are compiled into a
database along with high-definition images. The software also
includes a tool to test the learner’s interpretation ability.

Study Protocol

At first, the subjects’ abilities to evaluate chest radiography
images were assessed using the test tool accompanying the e-
learning system. The students were asked to choose the
bronchopulmonary segment where they though the disease
shadow was present. The question for each test image was
“Is there an abnormal lesion?.” If appropriate, this was follow-
ed up with “Which area of the lung is it?”; otherwise, there
was no follow-up question. An example of a test question is
shown in Fig. 1.

Nodular shadows and ground glass shadows were
displayed at random. The type of disease was not revealed to
the subjects. The observation time, adjustment of the window
level, the window width, and the enlargement ratios of the
images were controlled by the observer. We calculated the
correct answer rates for nodular shadows and ground glass
shadows.

We conducted Kruskal-Wallis tests to assess significant
differences (P < 0.05). The StatMate software package
(ATMS; Tokyo, Japan) was used for all statistical analyses.

The 10 subjects were divided into group A and group B at
random. During the week after the initial testing, group A
learned about nodular shadows and group B learned about
ground glass shadows. The subjects learned to interpret radio-
grams with the above shadows using the adjuvant learning
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software. Examples of a nodular shadow and a ground glass
shadow used in the learning tool are shown in Fig. 2a, b. The
software explained the visual pattern of the illness. For learn-
ing to use the software, the learning time and the learning
method entrusted each person. We directed the subjects to
only look at images containing shadows specified by us.

The second round of testing was conducted 1 week after
the initial testing. We assessed the difference in the rate of
correct answers between the two testing rounds. During the
second testing round, the test images were different than those
used in the first test. Each group then underwent another week
of training to recognize the different shadows. This was
followed by a third test. We defined the learning effect in
terms of the increased ability to interpret from before to after
e-learning. The learing effect was evaluated comparing the
numbers of correct answers in each test. The chronological
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Fig. 4 The correct answer rate for the initial test before the training. The
correct answer rate for ground glass shadows was 23% and that for nodule
shadows was 40%. The correct answer rate for nodule shadows was
higher than that for ground glass shadows (P < 0.05)
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Fig.5 The correct answer rate for correct answer after learning
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and that for the third test after _
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scheme of the three tests and the learning process of the two
groups are shown in Fig. 3.

Results

Figure 4 shows the results of the initial test conducted before
the learning. The correct answer rate was 23% for images of
ground glass shadows and 40% for those containing nodule
shadows before the learning. The correct answer rate was
significantly higher for images with nodule shadows than for
those with ground glass shadows (P < 0.05). The correct
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Fig.6 The correct answer rate after learning about each shadow type. The
median correct answer rate was higher for nodule shadows than for
ground glass shadows, although the difference was not significant

Enodule shadow O ground glass shadow

answer rate for the initial test and that for the test after 2 weeks
of learning are shown in Fig. 5. In all 10 subjects, the correct
answer rates improved after learning. The correct answer rates
after learning about each shadow type are shown in Fig. 6. The
median correct answer rate was higher for nodule shadows,
although this difference was not significant. The mean correct
answer rate increased from 34.5 to 72.7% between the test
conducted before learning and the test conducted after 2 weeks
of learning. The difference in the correct answer rate between
the tests conducted before vs. after the learning is shown in
Fig. 7 for each shadow type. The rate of detection after
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Fig. 7 Differences in the correct answer rates before and after the
training. The rate of detection improved more for ground glass shadows
than for nodule shadows after the training
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Fig. 8 Improvements in the correct answer rate for nodule shadows after
learning only about ground glass shadows and that for ground glass
shadows after learning only about mass shadows. The correct answer
rate increased more significantly for ground glass shadows than for
mass shadows after learning about the other type of shadow

learning about ground glass shadows improved significantly
more than that following learning about nodule shadows.
Figure 8 shows the improvement in the correct answer rate
for nodule shadows after learning only about ground glass
shadows and for ground glass shadows after learning only
about mass shadows. This graph thus indicates the effective-
ness of the program when the subject learns about a different
type of shadow. The correct answer rate for ground glass
shadows was affected more significantly than that for mass
shadows following this type of learning.

Discussion

Chest radiography is the most frequent type of radiologic
scan, but its interpretation is difficult for medical staff and
students. Medical care would be improved if medical staff at
universities learn to interpret chest radiography images. Many
reports have described the utility of effective learning methods
for the education of students and medical staff. We examined
the effectiveness of e-learning for the interpretation of radio-
graphic images containing different types of disease shadows
as nodular shadows and ground glass opacity. The reason that
chose nodular shadows and ground glass opacity as a type of
the lesions is because these two were characteristic as a lesion
of the lungs.

The mean correct answer rates increased from 34.5 to
72.7% following 2 weeks of training. The correct answer rate
for ground glass shadows was 23% and that for mass shadows
was 40% before the training. The students found the interpre-
tation of ground glass shadows more difficult than that of mass
shadows. After 2 weeks of training, the correct answer rate
rose to 70% for both types of shadows. The effect of the
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training was particularly remarkable for images with frosted
ground glass shadows.

We found that the learning program was particularly effec-
tive for the interpretation of ground glass shadows by the
novice students. In fact, the correct answer rate for images
with ground glass shadows by students who learned only
about mass shadows was under 10%. In contrast, the correct
answer rate for images with mass shadows by students who
learned only about ground glass shadows was 30%. Several
reports indicate that education using both e-learning and face-
to-face training is effective. However, e-learning, which can
be accomplished in the student’s free time, is very effective for
postgraduate students who are working, as it is difficult for
them to attend face-to-face training.

This study is limited by the fact that we only examined 10
students. The novel aspect of our study is the recruitment of
students with no prior interpretation experience. We thus test-
ed the ability of students to learn diagnosis and interpretation
via e-learning from the null situation. This foundational study
will be further developed in the future. The e-learning soft-
ware that was developed includes 500 radiograms that dem-
onstrate many different abnormalities besides the lesions
targeted for this study; in addition, there are other modalities
of use for it. The purpose of this study was to demonstrate the
basic efficacy of e-learning software in radiology, even in
those students with no experience, using the two abnormalities
as test samples. In this study, we included a test of the ability to
interpret a moderately difficult radiograph. We feel that our
results demonstrate that students’ ability to interpret even dif-
ficult radiograms was improved by e-learning. Future studies
will focus on interpreting trauma images that non-radiologists
are likely to encounter. We also plan to increase the number of
cases and the types of the lesions reviewed. We hope that this
e-learning approach is used for the interpretation of radiolog-
ical images of other organs using a wider range of modalities
in the future.

Conclusions

Here, we examined the effectiveness of an e-learning platform
used to train medical staff and students in the interpretation of
chest radiography images. Education using the e-leaning plat-
form was very effective for the interpretation of chest radiog-
raphy images. e-Learning was particularly effective for the
interpretation of ground glass shadows on chest radiography
images. This application software helps student’s training very
much.

Compliance with Ethical Standards

Ethical review board approval was obtained for this study, and informed
consent was obtained from all participants.
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