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Abstract
· This is a review education paper on the current
ophthalmology simulators utilized worldwide for
undergraduate and postgraduate training. At present,
various simulators such as the EYE Exam Simulator
(Kyoto Kagaku Co. Ltd., Kyoto, Japan), Eyesi direct
ophthalmoscope simulator (VRmagic, GmbH, Mannheim,
Germany), Eyesi indirect ophthalmoscope simulator
(VRmagic, GmbH, Mannheim, Germany) and Eyesi
cataract simulators (VRmagic, GmbH, Mannheim,
Germany). These simulators are thought to be able to
reduce the initial learning curve for the ophthalmology
training but further research will need to be conducted to
assess the effectiveness of the simulation -assisted
ophthalmology training. Future research will be of great
value to assess the medical students and residents'
responses and performance regarding the usefulness of
the individual eye simulator.
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INTRODUCTION

T o date, the use of simulation is becoming increasingly
popular in ophthalmology [1]. It has been shown that

technology-enhanced simulation training is associated with
large effects for outcomes of knowledge, skills and behaviors
and moderate effects for patient-related outcomes [2]. In the
past, the clinical teaching was often conducted using real

patients and this method sometimes can be very challenging
due to patients' comfort or time constraint in a busy clinic.
The change of this teaching paradigm mainly arises from
various factors including increased public expectation on
doctors' performance in diagnosis and management, changes
in working practice, advancement in technological
developments and opportunities and shortening of the training
time for the residents.
Due to the increased health consciousness and awareness in
the public, many patients will research their conditions
extensively on the internet prior to their presentation to the
hospital. They often expect the doctors to know what the
immediate clinical findings and diagnoses are instead of being
treated as "guinea pigs" for those who have just entered the
residency training or still in the medical schools. Some of
them are often shocked and upset to learn that the examiners
are conducting the clinical examination for the first time on
them. The simulations are good platforms for the medical
students and residents to practice and refine their clinical or
surgical technique as they can make mistakes on simulations
without jeopardizing patients' care [3-4]. It is a dress rehearsal
for a real event, during which mistakes can be made and
lessons learned [5]. Nevertheless, the simulations should only
be used as a method to enhance and supplement the learning
experience as it will not supplant the learning experience
from real patients in the clinical setting[6].
Various forms of medical simulation such as wet laboratories,
mannequins [7], animal and cadavers [8], simulated patients,
simulated hospital environments, simulated laser or surgical
models [9-10], virtual reality [11-19] are designed to enhance the
students' and residents' learning experience. The purpose of
this article is to describe the various ophthalmology
simulators that could be potentially utilized for the medical
students and ophthalmology residency training.
Direct Fundoscopy Examination Direct ophthalmoscopy or
fundoscopy is a fundus examination skill that has been
incorporated into medical school curriculum as it is an
important clinical skill that allows non-ophthalmology trained
physicians to diagnose retinal pathology without needing to
utilize expensive equipment such as slit lamp biomicroscopy
with hand held lends or indirect BIO ophthalmoscopy [20-23].
Through the direct ophthalmoscopic examination, one can
detect many of the sight-threatening conditions (
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proliferative diabetic retinopathy, glaucomatous optic
neuropathy) and life-threatening conditions ( optic disc
swelling secondary to space occupying lesions, malignant
hypertension, meningitis and .). However, many students
and physicians still had major difficulties to perform a
proficient fundsocopy examination [24-25]. Besides, it is difficult
to teach this skill effectively during the initial phase and for
the tutors, it is hard to guide the students while they are
performing the examination due to lack of monitor screen
attached to the direct ophthalmoscope.
Several methods have been described to supplement the
training of medical students in acquiring this skill. The EYE
Exam Simulator (Kyoto Kagaku Co. Ltd., Kyoto, Japan) is an
innovative mannequin (Figure 1) for fundus examination,
designed to allow examination of fundus using the physician's
own ophthalmoscope. The pupil aperture is adjustable to
simulate both dilated and undilated pupils and the image of
the fundus is created by a set of slides depicting common
pathology (Figure 2). The use of this simulator has been
shown to correlate with users' experience [26] and the accuracy
of the examination decreased with smaller pupil diameters of
2 and 3.5 mm (as opposed to more than 5 mm). It will be of
great value to utilize this device in the practical examination
to evaluate direct ophthalmoscopy skills of medical students
and junior residents.
In addition, Eyesi direct ophthalmoscope simulator
(VRmagic, GmbH, Mannheim, Germany) is a new device that
has recently been released into the market (Figure 3). It uses
virtual reality to enhance the teaching of the essential
diagnostic skill of direct ophthalmoscopy. The simulator has
an incorporated curriculum that allows independent learning
by the trainee. It is able to provide prompt feedback on the
user's view, the examined area and whether the abnormal
retinal pathology has been detected in the simulator. From the
monitor screen connected to the direct ophthalmoscope, the
trainer can also evaluate and offer guidance during the
process of examination. In training mode, the findings will be
displayed immediately on the screen as soon as they have
been detected and if the trainee tap on the screen, some
relevant information related to the pathology will be shown.
On the other hand, this simulator can also be utilized for
assessment purposes with the quiz mode available in the
device and the result can be generated at the end of the
exercise. Whether the skills acquired with the use of these
simulators are translated into clinical practice has yet to be
proven. Further research can be conducted to assess the
medical students' and physicians' confidence and competence
level in performing direct ophthalmoscopy. Apart from the
abovementioned methods, the Wisconsin School of Medicine
has also described a method for direct ophthalmoscopy
training purposes using a canister or a tin can to simulate an
eye-with a fundus photograph stuck to its base, and a hole

drilled into its cap to simulate a pupil [27]. It has been found to
be an inexpensive but effective way in complementing the
direct ophthalmoscopy skills, as compared to the mannequins
and Eyesi direct ophthalmoscope simulators.
Indirect BIO Ophthalmoscope The indirect
ophthalmoscopy, first devised in 1861 by Felix Giraud
Teulon, is an important diagnostic tool for ophthalmologists.
It permits viewing of the fundus at a wider angle which
allows for thorough examination of the peripheral retina and
also viewing through lens opacities. Unlike the direct
ophthalmoscope, the indirect ophthalmoscopy confers
binocularity by the use of mirrors in the instrument to reduce
the pupillary distance of the observer to about 15 mm. The
instrument is attached onto a headband or spectacle frame
worn by the examiner, and with the use of a condensing lens
(usually +20 D to +30 D) held in front of the patient's eye, an
aerial image of the fundus is formed, magnified, inverted and

Figure 1 The EYE Exam Simulator (Kyoto Kagaku Co Ltd.,
Kyoto, Japan).

Figure 2 Changes of the retinal pathologies using different
slides in the EYE Exam Simulator (Kyoto Kagaku Co. Ltd.,
Kyoto, Japan).

Figure 3 Eyesi direct (VRmagic, GmbH, Mannheim, Germany).
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laterally reversed. Proficiency in the indirect ophthalmoscopy
requires painstaking practice and junior ophthalmology
residents often struggle with maintaining stability of the
instrument and lens and the patient's eye and difficulty in lens
control[28].
In the past decades, several training methods, both simple and
complex, have been developed to aid with the training of
junior residents in mastering the indirect ophthalmoscopy[29-30].
A simple inexpensive setup with the use of a rubber ball or
marble held in place by a Styrofoam head carved out to house
a slide holder has been used to simulate the eye and its
anatomic obstacles ( the eyelids and nose) with the
insertion of wide-angle clinical photographs consisting of
various retinal pathologies[31].
More recently, the Eyesi indirect ophthalmoscope simulator
(Figure 4) has been invented to provide residents with an
augmented reality training which encompasses elements of a
physical real-world environment (hand-to-head coordination,
anatomic obstacles) supplemented by a computer generated
input (digital fundus photograph, real-time evaluation andetc)[32].
Eyesi indirect ophthalmoscope can provide the trainee
evaluations of both procedural and diagnostic skills by
assessing the time needed for examination, and percentage of
retina examined properly, which translates into critical
information in assessing a trainee's proficiency in the indirect
ophthalmoscope.
It is a good educational tool given its ability to educate
trainees on specific clinical findings for a given pathology and
through a multiple-choice diagnosis specification tool,
trainees are made to describe their findings in detail. The
information captured will then be evaluated by the system for
immediate feedback to the trainee. The information also
allows the educator to assess the trainee's progress as all
performance data is stored in the Eyesi Indirect database.
Leitritz [33] conducted a study involving 37 medical
students with no prior experience in performing binocular
indirect ophthalmoscopy and randomised them into either
training in the conventional way, or with augmented reality
ophthalmoscopy (Eyesi indirect). It has been shown that the
group of medical with single training using the augmented
reality ophthalmoscopy is better in improving
ophthalmoscopy skills [33]. Despite the study limitations (small
number of students and absence of crossover design), it holds
promise that augmented reality training provides an efficient
learning platform for medical students interested in
Ophthalmology and junior residents. The question, however,
remains if the use of such expensive simulators is translated
into measurable clinical advantages and thus, further studies
are required to determine the efficiency and effectiveness of
these simulators and its translation into clinical practice.
Cataract Simulator Phacoemulsification training has
always been challenging for the junior residents during the

initial period [34-36]. Cataract simulators have been shown to
offer various training advantages to the ophthalmology
residents [37] and these include shortening the time of feeling
confident to operate operation duration [34,38] and improvement
on capsulorrhexis technique [39]. Several types of cataract
simulators are currently available in the market: Eyesi
(VRmagic, GmbH, Mannheim, Germany), PhacoVision
(Melerit Medical), and MicrovisTouch (ImmersiveTouch)[13].
The cataract simulator-Eyesi (VRmagic, GmbH, Mannheim,
Germany) (Figure 5) is a high-end virtual reality simulator for
intraocular surgical training and it simulates a life-like
learning environment [12,40]. The simulator consists of different
parts including microscope, handheld instruments, a
mannequin head with a virtual eye, foot pedals for
microscope and phacoemulsification machine and a
touch-screen monitor on which a supervisor can watch the
surgeon perform. For the hand pieces, they are all
colored-coded using optical tracking systems for conversion
of movement to electrical signals then sent to the simulator
after being inserted into the artificial eye. The presence of
sophisticated algorithms in the machine helps to create
accurate tissue characteristics and hence, allowing simulation
of procedures such as capsulorrhexis creation[41].
In order to offer an immersive surgical simulation

Figure 4 Eyesi indirect (VRmagic, GmbH, Mannheim, Germany).

Figure 5 Eyesi cataract simulator (VRmagic, GmbH, Mannheim,
Germany).
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environment, the Eyesi consists of different learning modules
includinganti-tremor training, bimanual training, capsulorhexis,
cracking and chopping training, forceps training,
hydrodissection maneuvers, intracapsular anti-tremor training
and navigation training, intraocular lens insertion, irrigation
and aspiration, navigation training, phacoemulsification
chopping training and phacoemulsification divide and
conquer. The setting of the machine can also be modified to
simulate different surgical environment using various
parameters including phacoemulsification power, vacuum
level and flow rate. In order to assess the residents'
performance on the simulator, the training history including
the number of attempts and the scores for a particular module,
time taken to complete a task, incidence of corneal touch and

can be extracted from the machine.
Limited publication is available on Phacovision and
MicrovisTouch. Compared to Eyesi and Phacovision,
MircovisTouch, MicrovisTouch offers users' tactile feedback
interface, hence providing them with more realistic operative
experience[13]. In addition, it also provides a virtual experience
that includes the instruments, head and eye of the patients.
The simulator head and eye in Eyesi and Phacovision are
immobile and this does not simulate the real experience for
cataract surgery.
A recent systematic review showed that the methodology and
validation of various ophthalmology simulators is yet to be
improved[8]. Most of the trials did not utilize the validity of the
simulation models for assessment purposes. The efficacy of
training models only satisfy Kirkpatrick model 1 or 2, mainly
evaluating the trainees' satisfaction with the training model
and the extent of the training increased skills. It is
recommended that the skills assessment should be evaluated
using different models with validated scoring system to
ensure appropriate interpretation of results[8].
In conclusion, the use of simulation carries substantial
advantages in the education of medical students and
in-training ophthalmology residents, especially for those who
are relatively junior. More research should be conducted to
assess the clinical and cost-effectiveness of these simulators
in enhancing the quality of the clinical service as well as
learning experience of the juniors.
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