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Abstract
Aim: A portable fundus camera could allow the third person to observe the technique essentials of direct
ophthalmoscopy from a real time screen. This study was designed to compare the proficiency of
teaching direct ophthalmoscopy using a portable camera with conventional way in medical students.
Methods: Medical students of fourth year were invited to participate the study. At baseline, the
participants were taught fundoscopy with a conventional direct ophthalmoscope shortly. Then they were
randomized to be taught the skill of fundoscopy either with a portable fundus camera or with a
conventional direct ophthalmoscope as control for two days. Accuracy tests to match a subject’s fundus
with one of the four photographs after examining an undilated eye using a direct ophthalmoscope were
performed at baseline and end point. Accuracy test scores and self-reported confidence were compared
between the two groups.
Results: A total of 160 students participated the study, with 79 assigned to the intervention group, and 81
to the control group. All the students finished the study. At baseline, there was no difference in accuracy
test score between the two groups. After two-day training session, the accuracy score improved in 26/79
(32.9%) students of intervention group versus 15/81 (18.5%) of the control group (p=0.037). At end point,
a total of 39/79 (49.4%) students in the intervention groups versus 25/81 (30.9%) in the control group
identified the correct fundus photograph (p=0.017). The confidence levels were significantly higher in the
intervention group than the control group.
Conclusions: Teaching direct ophthalmoscope using a portable fundus camera is associated with
improved accuracy score and elevated confidence level in medical students when compared with
conventional method.

Introduction
It is well known that fundus examination is important for diagnosis of many life- and vision-threatening
diseases. Ophthalmoscopy allows the observer to view the retina for pathologic changes, particularly in
patients with retinal diseases such as glaucoma, retinal detachment, diabetic retinopathy, hypertensive
retinopathy, increased intracranial pressure, occluded retinal vessels, and a series of maculopathies
including macular edema, macular degeneration, macular hole, macular atrophy, epiretinal membrane, et
al. Direct ophthalmoscopy is a simple, economic, and efficient technique for examination of the retina. It
can be performed through a undilated- or dilated pupil within minutes during the general medical
examination.
It is strongly recommended that all medical students and general physicians should be proficient in direct
ophthalmoscopy. However, students and doctors find direct ophthalmoscopy a difficult skill to learn and
there is a shortage of ophthalmoscopy in clinical practice shown by a lot of documents1–3. In the
TOTeMS study, students favored fundus photographs instead of direct ophthalmoscope4, further
suggesting the skill of ophthalmoscopy was not easy to learn.
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Enough time and practice are important to master the teaching skill of direct ophthalmoscopy for medical
students. But nowadays shorter duration is provided for teaching this basic technique in medical
curricula due to time constraints. Several reports were designed to improve the learning of
ophthalmoscopy. For example, teaching the mechanics of direct ophthalmoscopy with simulators or
models was found useful5–11. A portable fundus camera could allow the third person to observe the
technique essentials of direct ophthalmoscopy from a real time screen. This study was designed to
compare the proficiency of teaching direct ophthalmoscopy using a portable camera with conventional
way in medical students during ophthalmic clerkship.

Methods
Study population
This was a prospective, randomized study. Participants were all from fourth-year medical students at Sun
Yat-sen University. The study was performed during the period of ophthalmic clerkship. Informed consent
was signed by all the participants, who confirmed never received training of direct ophthalmoscopy until
being enrolled in this study.
Overview of protocol
The protocol of this study is shown in Figure 1. The consented participants were given lecture of funds
examination, and provided illustration of techniques of direct ophthalmoscopy for 10 minutes. Then, they
practiced ophthalmoscopy for two hours, while the tutor took fundus photo of each participant. After twohour practice, baseline accuracy test was performed. Then, the participants were randomized into
intervention or control group. During the next two-day practice in the intervention group, the key skills of
ophthalmoscopy were illustrated with a portable fundus camera which displayed the subject's fundus on
real time, while in the control group, the key skills of ophthalmoscopy were illustrated in a conventional
way. Figure 2A shows the tutor is showing technical essentials of fundus ophthalmoscopy with a
portable fundus camera in the intervention group. After the two-day practice with direct ophthalmoscopy,
end point accuracy test was performed and final survey questionnaires were collected.
Accuracy test
Matching fundus photographs with ophthalmoscopy observation was an objective strategy for
evaluating the accuracy of direct ophthalmoscopy12-14. Our accurate test was performed in a similar way.
In brief, assessment of direct ophthalmoscopy skills was done using four fundus photographs, taken
from enrolled participants by tutor. Figure 2B shows an array of fundus photographs taken with a
portable camera from the participants. Four fundus photographs were shown on computer screen, one of
which was identical to fundus of the subject. The students were asked to identify the correct image after
examining a subject’s undilated eye. Three minutes were allotted for each student. Both the baseline and
end point accuracy tests were performed by masked examiners.
Page 3/11

Final survey
A final survey was administered after all training and testing sequences were complete. It is asked in the
control group what is the main frustration during the learning of direct ophthalmoscopy. In the
intervention group the survey asked which illustration methods students preferred for understanding the
key skill of direct ophthalmoscope.

Results
Of 432 fourth year medical students in the medical school of Sun Yat-sen University, 160 consented to
participate in the study and all the participants completed required test and final survey. 89 of the 160
were women and the median age was 22 years old. 79 students were assigned to intervention group, and
81 students were assigned to control group.
Accuracy test
Table 1 shows the changes of accuracy tests from baseline to end point of the two groups. At baseline,
the two groups showed no difference in accuracy test performance. 24 of the 79 students in the
intervention group, and 21 of the 81 students in the control group, identified the correct fundus
photograph of subject in the accuracy test (p=0.531). At the end point, accuracy improvement in
ophthalmoscopy was observed in both groups after the two-day training program, with 26/79 students in
the intervention group versus 15/81 students in the control group (p=0.037). At end point, a total of 39/79
in the intervention groups vs 25/81 in the control group identified the correct fundus photograph
(p=0.017). Eleven students from each group showed worse accuracy score after training due to unknown
reason. Figure 3 shows results of accuracy test of direct ophthalmoscopy at the baseline and end point in
the intervention and control groups.
Table 1. Changes of ophthalmoscopy performance from the baseline to the end point in the two groups.
Better*

No change

Worse

Intervention (n=79)

26 (32.9%)

42(53.2%)

11 (13.9%)

Control (n=81)

15(18.5%)

55(67.9%)

Better means the photography
identification was wrong at baseline,

and correct at end point. Worse means
11 (13.4%) the photography identification was
correct, but wrong at end point.

*p=0.037
Confidence levels
At baseline, the two groups showed no difference in self-reported confidence levels. After two-day
training, confidence levels were elevated significantly in the intervention group but showed no change in
the control group. Figure 4 shows the self-reported confidence levels at the baseline and end point.
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Discussion
Many studies reported the underuse of direct ophthalmoscopy, probably because of the techniques are
difficult to learn during the limited duration of training. Clerkship is possibly the only chances for medical
students to learn knowledge of ophthalmology, but the period is very short for students to learn the
techniques of ophthalmoscopy.
There are many ways to illustration of technical essentials of direct ophthalmoscopy. Using a traditional
way, many students reported frustrated and cannot learn the skill of ophthalmoscopy. Some reported
“Hard to understand what is the teacher illustrating, can’t see what is the teacher looking, don’t know how
to use the ophthalmoscope”. Through a smartphone ophthalmoscope or a simultaneous colour television
transmission, observers were able to visualize the fundus easier15, 16. In that way, the students could see
what is the teacher looking, but don’t know how to use the ophthalmoscope, that is to say, the technical
essentials of ophthalmoscopy might still remain frustrating for medical students. From the results of our
control group, we found the conventional way of illustrating ophthalmoscopy was associated with lower
level of understanding of this technique, lower interest to fundus examination, lower accuracy test score
improvement, and lower self-reported confidence.
Using a portable fundus camera to illustrate the technique essentials of direct ophthalmoscopy has
several benefits: it allows students and trainers to share the same view of the fundus on real time;
learning with such a device is associated with greater confidence and competence in students using the
direct ophthalmoscope. With a portable fundus camera, the students found it easy to understand the
technical essentials including the “importance of subject’s cooperation, right direction of looking through
pupil, and adjusting the focus of ophthalmoscope” by watching the fundus imaging on the camera
screen. Using a portable fundus to illustrate the ophthalmoscopy was associated with higher level of
understanding of this technique, higher interest to fundus examination, higher accuracy score
improvement, and higher confidence.
Limitations of this study: In this study, the accuracy score examiners were masked to the study grouping,
but it was not possible to mask the participants or the tutors; The same tutor performed illustrating
ophthalmoscopy for both groups, with similar amounts of technique essentials in order to limit the
potential bias introduced by different illustration methods; the assessment of accuracy is judged using
an array of fundus photographs, it did not absolutely mean that the students who got positive score had
identified the fundus with matched photographs, especially at baseline. Equal amounts of students (11)
showed worse accuracy score after training in the two groups. Evaluation of ophthalmoscopy accuracy
by incorporating a teaching camera into the direct ophthalmoscope which allows the tutor to share the
same view of the fundus simultaneously might be even more objective.

Conclusions
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In conclusion, teaching technical essentials of direct ophthalmoscope using a portable fundus camera is
associated with improved accuracy score and elevated confidence level in medical students when
compared with conventional method.
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Figure 1
Protocol of the study.
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Figure 2
A. The tutor is showing technical essentials of fundus ophthalmoscopy with a portable fundus camera in
the intervention group. B. Fundus photographs taken with a portable camera from the participants. For
accuracy test, four fundus photographs were shown to each student, one of which was identical to
fundus of the subject. The students was asked to identify the correct image after examining a subject’s
undilated eye.
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Figure 3
Accuracy test of direct ophthalmoscopy at the baseline and end in the intervention and control groups.
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Figure 4
Self-reported confidence levels of direct ophthalmoscopy in the intervention and control groups at the end
point of the study.
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