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Abstract
Objective: To examine the impact of real-time video game play on anterior segment ophthalmic microsurgical performance using a cataract surgical simulator (Eyesi). Methods: Medical students and ophthalmology residents at the
University of Tennessee Health Science Center in Memphis, Tennessee, completed a questionnaire and baseline microsurgical evaluation using the capsulorhexis module on the surgical simulator. Participants were excluded if they had any
previous intraocular surgical experience or extensive surgical simulator practice. Participants were randomized to group
A (intervention) or group B (control). Group A completed as many levels of Tiltmasters as possible over a 30-min
period, and group B was only allowed to watch the capsulorhexis demonstration video without any additional practice.
After the 30-min time period elapsed, all participants performed the capsulorhexis module. Results: Of the 41
participants, regular video game players had greater baseline scores than non-players (P=0.003) on the capsulorhexis
module. There was no significant difference in the final surgical performance between the control and intervention
groups. However, the intervention group showed significantly more improvement in surgical performance than the
control group (P=0.04). All participants demonstrated improvement in the final surgical performance regardless of
whether they were in the control group or the intervention group. Conclusions: Regular video game play enhanced
baseline microsurgical simulator performance. Both the control and intervention groups demonstrated improvement in
final surgical simulator performance, indicating a warm-up effect. Participants in the intervention arm demonstrated
significantly higher improvement than the control group, indicating skills transfer of the video game to surgical
simulator performance after 30 min of intervention.
Keywords: video game; ophthalmic microsurgical simulator; anterior segment surgery; resident education; capsulorhexis;
warm-up effect

Introduction
With the recent changes in resident work hour restrictions
decreasing the amount of time for patient care, and
increased emphasis on patient safety, there is a new, greater
role for surgical simulation to improve patient care. Both
laparoscopic and ophthalmic simulators have been shown to
improve resident surgical performance without the need for
traditional tissue-based wet lab models.1–4 Recent studies in
the general surgery and endoscopic literature suggest a correlation between past and current video game use and
improved laparoscopic and surgical performance.5–12
Chung et al.13 showed that gamers had higher baseline
scores on an ophthalmologic surgical simulator than
ß 2021 The Authors. Published by Journal of Surgical Simulation

non-gamers, and Roohipor et al.14 showed that ophthalmic
surgical simulator performance predicted subsequent surgical performance, but no video game-specific interventional
studies specific to ophthalmology exist in the current literature.13,14 The purpose of this study was to discern the influence of real-time video game play on ophthalmic
microsurgical simulator performance.

Methods
Approval was obtained from the University of Tennessee
Health Sciences Center Institutional Review Board. The
study was compliant with the Health Insurance Portability
This work is licensed under a Creative Commons AttributionNonCommercial 4.0 International License.
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and Accountability Act (HIPAA) and adhered to the tenets
of the Declaration of Helsinki.
Subject selection
A single, blinded, randomized controlled trial was performed at the University of Tennessee Hamilton Eye
Institute between May and July 2019 (Fig. 1). Volunteers
were recruited from the School of Medicine and
Ophthalmology Residency program. Those with any previous intraocular surgical experience or surgical simulator
practice (greater than 1 h per week of residency training or
previously completed the capsulorhexis module) were
excluded. Participants then completed a short questionnaire
related to demographics and past video game experience.
Baseline evaluation of surgical performance
Surgical simulator performance was assessed using the Eyesi
surgical simulator (VR Magic, Mannheim, Germany) version V3.0.1. The pretesting phase was standardized for all
participants. This included a demonstration video of the
capsulorhexis module followed by orientation to the Eyesi

surgical simulator led by the first author. The simulator
provided instructions before the start of the task.
Participants were then given 5 min to perform repetitions
of the capsulorhexis module, a module that typically takes
between 15 and 30 s to complete. Each outcome measurement as an Eyesi-generated score (minimum 0 points and
maximum 100 points) was recorded and averaged as the
baseline score.
Study groups
Participants were then randomly assigned to group A (intervention) and group B (control) using the GraphPad random
number generator (GraphPad Software, San Diego, CA)
after enrollment. Each participant was tested individually
to prevent them knowing that there were two separate
study groups.
Video game intervention and control
Tiltmasters (Dekovir Inc, Krasnoyarsk Territory, Russia)
version V1.09.1 is a commercially available video game for
download that is similar to mobile device balance games
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(n=51)
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• Previous
Intraocular
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(n=5)
•

Randomized (n=41)

Previous EyeSi
surgical
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Figure 1. CONSORT chart.
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used in previous surgical simulation studies.9,11,15 The surgical application of this puzzle-based game involves the fine
motor movements, three-dimensional depth perception,
proprioception, and spatial distribution required to perform
intraocular surgery. Participants assigned to group A were
requested to complete as many levels of Tiltmasters as possible over a 30-min time period. Participants in group B
were allowed to watch the capsulorhexis demonstration
video once without any other intervention or practice on
the surgical simulator for a 30-min time period.

Final measurement of surgical performance
After their 30-min time period, all participants were given
5 min to perform the capsulorhexis module. Each outcome
measurement generated by the Eyesi was recorded and averaged as the final score.

Statistical methods
Statistical analyses were performed using SPSS software
(IBM, New York, USA) from the University of Tennessee
Health Science Center in Memphis, TN. Continuous variables were analyzed using a Mann-Whitney U test and
Kruskal-Wallis test with significance determined by
P50.05 due to the non-parametric nature of our dataset.

Results
Demographics and surgical performance
Table 1 presents the demographics, handedness, video game
experience, and surgical simulator performance of the participants. The study included 41 participants aged 27.4
(  2.7) years. Twenty-three (56%) were male and 18
(44%) were female. Thirty-five (85.3%) were right-handed
and six (14.7%) were left-handed. Seventeen (41.5%) were
third-year medical students, and 14 (34.1%) were fourthyear medical students. Five (12.2%) were ophthalmology
interns (post-graduate year 1) and five were first-year
ophthalmology residents (post-graduate year 2). Baseline
surgical performance was higher in males than females
(P=0.002); however, final surgical performance was higher
in females than males (P=0.02). When adjusted for the
control and intervention groups, there was no significant
difference in surgical performance based on gender
(P=0.5). Right-handed participants had a lower mean baseline score (63.4% versus 85.2%, P=0.4) and a higher mean
score improvement (13.2% versus 2.8%, P=0.04) compared
with left-handed participants. Although there was no significant difference in baseline surgical performance based on
training level, third-year medical students had the lowest
mean baseline surgical performance (P=0.2) and the most
mean score improvement (P=0.05).

Table 1. Demographics and video game experience
Variable

Baseline performance
Mean

Score difference
P value

Mean

P value

Gender, n (%)
Male

23 (56)

78.3

Female

18 (44)

51.5

Age, years

0.2

0.02



0.05

MS3

17

53

18.6

MS4

14

78.1

7.9

PGY-1

5

70.8

8

PGY-2

5

79.2

Dexterity, n (%)

2.4
0.2

Right

35 (85.3)

63.4

Left

6 (14.7)

85.2

Game experience, n (%)



0.04
13.2
2.8

0.003



0.04

Yes

25 (61)

77.8

7.3

No

16 (39)

49

18.8

P values 50.05 are statistically significant. MS, medical student; PGY, post-graduate year.
Mann-Whitney U test
Kruskal-Wallis test.



18.2
0.002

27.4 2.7

Training level, n (%)



6.6
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Twenty-five (61%) participants had video game experience
and 16 (39%) did not. Of those with video game experience,
14 were randomized to the intervention group (56%) and 11
(44%) to the control group. Participants with video game
experience had a significantly higher baseline surgical score
than those without experience (P=0.003), and those without
a history of video game experience had significantly higher
interval improvement than those with experience (P=0.04).
Intergroup final surgical performance
Table 2 presents the baseline surgical performance and final
surgical performance based on the control versus intervention groups. There was a greater interval improvement in
the intervention group than the control group (16.6 and 6.6,
respectively, P=0.04). There was no statistically significant
difference in final surgical simulator performance based on
the control and intervention groups (75.5 and 80.4 respectively, P=0.6).

Discussion
This study evaluated the influence of real-time video game
play on anterior segment ophthalmic microsurgical simulator performance using the Eyesi surgical simulator.
Participants with a history of video game play were found
to have a significantly higher baseline surgical performance
than those without. Although correlation does not imply
causality, previous studies have shown that a history of
video game play improves baseline microsurgical and
laparoscopic surgical simulator performance.5–8,10,13,15,16
Even though the group with video game experience had a
higher mean final score, the group without video game
experience had significantly higher interval improvement
than those with video game experience (P=0.04). Given
Table 2. The baseline surgical performance and final surgical
performance scores for the control and intervention groups
Mean score

P value

Control

69

0.9

Intervention

64.3

Baseline

Final score
Control

75.5

Intervention

80.4

0.6

Score difference
Control

6.6

Intervention

16.6

P values 50.05 are statistically significant.
Mann-Whitney U test.

0.04

75

the relatively equal distribution between the control and
intervention groups, the difference in interval improvement
may be attributed to the greater room for improvement due
to lower baseline score in the group with no video game
experience.
The randomized controlled trial portion of this study evaluated whether real-time video game play improved surgical
simulator performance. Both the control and intervention
groups showed improvement from the baseline to final surgical simulator performance, which may represent a “warmup” effect from the baseline capsulorhexis module as
described by Rosser et al.8 Although there was no significant
difference between the baseline score and the final surgical
simulator score between the control and intervention groups,
the intervention group had a significantly higher interval
improvement than the control group. The duration of the
intervention is important to note; there was a significant
improvement after only 30 min. The game type is also
important. Tiltmasters was utilized for this study because it
is a mobile device balance game similar to other balance
games used by Plerhoples et al.,9 Rosser et al.,11 and Kazan
et al.15 in their studies on video games and surgical skills
training. In the future, this finding may be successfully
applied not only to ophthalmology residency training programs but to any practicing anterior segment surgeon. A
specialized ophthalmic-specific training game in the form of
a mobile application can be developed as an adjunct or alternative personal surgical simulator. This game would provide
a convenient, cost-effective, easily accessible training device
available to residents and surgeons at any location and could
also be used to warm up 30 min before surgery.
Limitations of this study include its power due to its relatively small sample size. The sample size was calculated based
on the Yamane formula using a population size of 40, indicative of the number of applicants our residency program
interviews each academic cycle. Although our population
was subject to selection bias (medical students and ophthalmology residents), we attempted to safeguard against skill
discrepancy by recruiting only those without significant
simulator experience (more than 1 h per week of residency
training or previous capsulorhexis module experience) and
only ophthalmology residents in their non-categorical internship and first categorical year in training at the beginning of
the academic year, preventing any previous intraocular surgery experience. Despite the relatively small sample size and
selection bias, this is the first randomized controlled trial of
anterior segment ophthalmic surgical simulator training and
real-time video game play to date.



In conclusion, participants with a history of previous video
game play had higher baseline microsurgical performance
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on the anterior segment ophthalmic surgical simulator than
those without. All participants showed improvement in the
final surgical simulator performance, indicating a possible
warm-up effect from baseline simulator assessment.
However, participants randomized to the video game intervention arm had a significantly higher improvement in surgical performance than the control group, indicating a skills
transfer from the video game to the surgical simulator after
only 30 min. Future studies can be performed to develop a
specialized ophthalmology mobile application as an adjunct
or alternative resource to site-specific surgical simulators for
convenient, cost-effective personalized anterior segment
ophthalmic surgical simulator training and warm up.
Other models can be developed for application in other
surgical specialties.
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