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Abstract
Background/objectives Strabismus surgery training has historically focussed on the “see one, do one and teach one”
approach. Simulation training offers an alternative to practice surgical skills without direct patient involvement. However,
current simulation models for strabismus surgery are limited due to concerns regarding use of animal or human tissue and
financial cost limiting practice. Our aim was to build and validate a low-cost model for obtaining the core skills required in
strabismus surgery.
Subjects/methods A low-cost strabismus model was developed using commercially available materials. Ophthalmic trainees,
fellows and consultants were surveyed using a questionnaire to assess the realism and training utility of the model using a five-
point Likert scale (1= unacceptable, 2= poor, 3= acceptable, 4= favourable and 5= excellent) whilst simulating a horizontal
muscle resection task.
Results Forty-two ophthalmologists completed the questionnaire. The model scored highly for muscle securing and suturing
(median: 4.00) and suturing. Muscle dissection and conjunctiva were considered poor (median: 3.00, 2.50, respectively).
Overall, participants felt that the model simulated strabismus surgery well (median: 4.00) and was comparable to other dry
simulation models (median: 4.00).
Conclusion Our study describes a favourable training model that can be used for independent practice of core strabismus
surgical techniques. However, it remains a technical challenge to replicate certain ocular anatomy using commercially
available materials.

Introduction

Ophthalmic surgical training programmes aim to develop
trainees’ level of proficiency within the various sub-
specialties of ophthalmic surgery. These include extraocular
muscle surgery, primarily for strabismus correction, but also
as part of enucleation, retinal detachment and repair of
globe trauma. The ophthalmic speciality training curriculum
in the United Kingdom requires trainees to have completed

20 surgical strabismus procedures by time of completion of
training [1]. Of these five may be simulated as long as they
are observed.

Surgical training has evolved within the last few decades
from the traditional Halstead's approach; “see one, do one and
teach one” [2], to a competency-based framework [3] in
recognition of the learning curve of skills acquisition. How-
ever, acquiring the required competencies within the post-
graduate training programme remains a challenge. This is due
to legislative and regulatory contractual changes in favour of
minimising fatigue and improving patient care [4]. Perhaps
reflected in current training, there is a declining trend in spe-
ciality surgical experience at time of completion of training [5].

The challenge of any learning curve is to allow devel-
opment of skills during the novice phase, which is prone to
greater risks, without compromising outcome, e.g., inad-
vertently perforating the globe in cases of strabismus sur-
gery. There is sparsity of published data on the strabismus
surgery learning curve. Kim et al. report that 20–40 cases
are required to obtain efficiency and proficiency of per-
forming horizontal single muscle surgery [6], however, this
is related to the learning curve of an established ophthalmic
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surgeon that has acquired technical skills in ophthalmic
surgery. This is further compounded by the emotional state
of the trainee; one survey of ophthalmology residents found
poor recall of learning due to anxiety from conventional
operative strabismus surgery teaching experience, which
resulted in a negative performance (24% reporting tremor,
11% had tachycardia, 10% moments of absence and 34%
felt nervous) [7].

Simulation training has shown promise in technical and
non-technical skills training [8–11] to bridge the learning
curve. Selvander et al. have shown improved performance
on tissue treatment, efficiency, microscope and instrument
handling following virtual reality capsulorhexis training. In
particular, a subgroup of medical students underwent previous
virtual reality navigation training and was found to have
consistent overall higher scores and shorter learning curves
for capsulorhexis performance on the simulator. Furthermore,
Belyea et al. assessed 592 consecutive phacoemulsification in
42 residents of which half underwent simulation training.
They reported significant improvement in time, intraoperative
complication rate and amount of power used by phacoe-
mulsification in residents that had underwent previous cataract
virtual reality simulation training [11].

Despite the proven benefits, very few simulation models
have been formally validated in ophthalmology [12]. Cur-
rent high-fidelity simulation training in strabismus surgery
is available with the use of cadaveric tissue (human, rabbits
or porcine) [13]. However, this is expensive, provides single
on-off simulation experience or requires specialist licencing
for training. This is not ideal, as it creates an elite model for
training limited to centres that can provide the necessary
resources.

Aim

Our aim was to develop and validate an alternative simu-
lation model using low-cost materials to allow practice of
basic surgical skills required for strabismus surgery.

Method

Low-cost strabismus model

Preparation

Various commercially available craft materials (silicone and
rubber) were tried and tested by the authors. The following
materials (Table 1) were considered to provide the adequate
feel of the ocular tissue being simulated.

Foam will provide a base to practice scleral suturing. For
the model, we advise cutting out two strips of foam mea-
suring 7 cm (length) × 1.5 cm (width) × 0.5 mm (thickness)
foam. Furthermore, divide one of the strips in half. Next for
muscle, we found felt to be a realistic material as it is easily
friable if not handled correctly. To prepare, we advise cutting
out four strips of felt 10 cm (length) × 1 cm (width) × 0.5 mm
(thickness).

Construction of low-cost strabismus model

An instructional video on the construction of this model has
been made freely available on social media platform,
YouTube [14] (see Fig. 1).

Survey design

Previously validated questionnaire design assessing face,
content validation of simulation training model [15] was
modified to assess the utility of the proposed strabismus
model (Appendix 1). Questionnaires were distributed at a
regional and international strabismus workshop to assess
face, content validation and utility of the eye model. Whilst
simulating horizontal muscle recession, we asked our par-
ticipants (speciality trainee year (ST): 3–7, fellows and
consultants) to rate the following items using a five-point
Likert scale; 1 being poor agreeability and 5 scoring highly
favourable opinion. All participants surveyed agreed to take
part in the study through informed consent.

Table 1 Material requirement
for low-cost strabismus model.

Key materials Purpose

Corkboard and pins Provide a sturdy base for the model.

Table tennis ball Easily accessible sphere required as the globe. Can be substituted for any sphere like
object of smaller size.

Foam Foam simulates scleral tissue. It can be purchased in various thicknesses and can be
substituted depending on degree of practice required (0–5 mm to 0.3 mm). It can
perforate very easily giving the sensation of globe perforation.

Felt This was felt to be a good model for extraocular muscle, as the fibres are easily
friable without correct technique and provide sufficient elasticity.

Cling film To simulate tenon and conjunctiva.

“Googly” eyes Personal decoration to orientate the model and provide a corneal landmark on
the model.
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Face validity measures the resemblance of the simula-
tion to real life surgical procedure. We performed this
by assessing the feedback from our participants on the
realism of the tissue simulated by the model, in particular
focussing on conjunctiva, muscle, sclera and overall
experience.

Content validity assesses a specific skill being devel-
oped during the simulation. This is in contrast to construct
validation, which tests the ability of a simulation to dis-
tinguish between skill levels, e.g., novice versus expert.
We surveyed our participants on their beliefs of how
useful the model was in teaching specific aspects of
strabismus surgery; muscle dissection, securing muscle,
suturing muscle, developing hand–eye coordination and
maintaining hand–eye coordination.

We further assessed the utility of the model based on cost
and experience, and its comparison with other dry and wet
simulation models.

Statistical analysis was performed on SPSS version 23. A
score of 3.3 for a given domain was considered to be ade-
quate. Scores >3.5 were considered favourable and <3.0
were considered inadequate, based on previous studies on
face and content validation [9].

Results

We had a total of 26 participants from the regional work-
shop across different grades: junior trainee (ST: 3–4, n= 8)
median of 13 surgical strabismus cases performed (range:
1–25), senior trainee (ST: 5–7, n= 15) median of 24 (range:
17–30) and expert (consultant, n= 3) with over 75 cases
performed. In addition, we had 16 residents from the
International workshop in Nairobi, Kenya with variable
levels of training (ST1—consultant), that had performed
median 0 cases (range: 0–2).

Face validity

Overall, our participants reported that the model replicated
the eye accurately for training (median: 4.00, IQR: 0.75),
in particular for simulated strabismus surgery (mean: 4.00,
IQR: 2.00) (Fig. 2).

Suturing and securing muscles felt realistic and
both scored highly (medians: 4.00, IQR: 0.75 and 4.00,
IQR: 1.00, respectively). The feel of muscle dissection
was considered to be adequately simulated (median: 3.00,
IQR: 1.00).

Fig. 1 Low-cost strabismus
model. Full guide on making the
model can be found on the
following link: https://www.
youtube.com/watch?v=
PHGZnPZDdEY or by
searching “Jain Eye model” on
YouTube. Assembly. Step 1: fix
a pin to base of the table tennis
ball using hot glue, this enables
the base of the model to stay
stable during practice on a work
(cork) board. Step 2: fix the
strips of foam onto the table
tennis ball forming a cross on
the marked centre of the table
tennis ball using hot glue. Step
3: mark centre of the cross with
a pen or “googly eye” to form a
reference point for the cornea.
Step 4: measure 6 mm from the
limbus, and mark the foam. This
can be varied to replicate
anatomically correct distances.
Step 5: apply thin strip of glue to
the tip of each felt strip, then
attach these to the areas marked
in step 4. Step 6: fix the tail end
of the felt strips to the work
(cork) board using pins.
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With regards to the feel of the tissue; sclera was con-
sidered to feel the most realistic (median: 4.00, IQR: 0.75),
whilst muscle felt adequate with the given material (median:
3.00, IQR: 1.00). Conjunctiva on the other hand was con-
sidered inadequate (median: 2.50, IQR: 1.00).

Content validity

Participants reported the model to be adequate for training in
muscle identification (median: 3.00, IQR: 1.00) (Fig. 3).
Moreover, the model was reported as more useful for practi-
cing securing and suturing muscle (median: 4.00, IQR: 1.00).

It was considered an excellent model for developing and
maintaining skills in strabismus surgery (median: 4.00,
IQR: 0.75 and 4.00, IQR: 1.00).

Utility

Respondents were favourable in recommending the model
for training (median: 4.00, IQR: 1.00), particularly due to
the low cost and realism offered (median: 4.00, IQR: 1.00).

Twenty-four out of the 42 participants have had prior
experience with simulation models for strabismus surgery.
Participants reported that our low-cost model was compar-
able with other dry models (median: 4.00, IQR: 0.50), and
considered adequate compared with wet lab experiences
(median: 3.00, IQR: 1.00).

Discussion

Our model was met with high satisfaction from our sampled
cohort. Current commercially available strabismus training
models with refined materials are available [16] at a cost
between £33 and 49 per eye. This is a substantial cost to
training, as practice is limited to four recti muscles and/or
two oblique muscles. In contrast, our self-developed model
allows more practice by rejoining the recti onto the globe
for a considerably lower cost (<£1–5). Furthermore, more
experienced participants (senior trainees and consultants)
reported that our low-cost model was comparable and
favourable with other dry models they had used, and felt it

Fig. 2 Face validity. Distribution
of mean rating of the simulated
component on the eye model by
surgeon grade (junior, senior,
expert and international).

Fig. 3 Content validity.
Distribution of mean rating of
the simulation of task by
surgeon by surgeon grade
(junior, senior, expert and
international).
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adequately compared with cadaveric high-fidelity simula-
tion, which is supportive of this model compared with other
commercially available models.

Alterative descriptions of a low-cost model have been
proposed, initially by Metz et al., who described a simple
model using tennis ball (globe) and rubber band (rectus
muscle) [17]. However, due to the density of the materials,
Metz et al. advised practice of figure-of-eight sutures with
2-0 silk. This is an appreciably larger suture size than
typically used in strabismus surgery where 6-0 vicryl is
routinely employed. A recent modification by Adebayo
et al. demonstrated that 6-0 polyglactin is also possible with
alterative soft rubber band and ball model [18].

Adebayo et al. further performed construct validity by
comparing single wet lab biological training to non-
biological home training model and found comparable
results at the end of a 1-month training exercise [18]. The
demonstrated non-inferiority of non-biological wet lab
training is further evidence that despite the limitation per-
ceived, they can perform expensive wet lab training without
use of animal tissue and cost constraints. Furthermore, they
offer a deliberate distributed form of practice compared with
single high-fidelity training, which has been shown to be
more developmental towards learning [19].

The identified limitation of our model, replication of
conjunctiva and feel of muscle dissection, is not unique to our
model but can be applied to all non-biological models. Bio-
logical tissue planes and structures are difficult to replicate
due to the level of hydration, thickness and variations in
anatomy. The muscles were easily identified and therefore
did not pose a challenge, when compared with biological
models in which muscle-tenon fibre separation can prove far
more difficult. White et al. evaluated composite simulated
model using bacon acquired from local supermarket to
simulate extraocular muscle surgery. This was found to be
constructive to learning as the biological tissue offered a
realistic approach to extraocular muscle tissue dynamics [12]
with a relatively inexpensive cost. However, the Styrofoam
base was a less favourable scleral substitute. Using composite
biological tissue (e.g., bacon, chicken skin for conjunctiva)
may therefore overcome some of the issues with non-
biological materials, however, this requires further evaluation.

Generally, there was an agreement between our partici-
pants in their rating for each domain. Our model was
commended by our 16 participants (3rd year ophthalmology
trainees to consultants) that were surveyed in a low income
economic country. The use of simulation models was not
available due to cost and lack of commercial availability,
and thus the participants reported the model as a useful tool
to practice and visualise key stages of strabismus surgery.

Our expert group scored overall simulation, anatomy and
feel of muscle securing and suturing higher than all our

other participants. This is perhaps due to the general validity
and applicability of the model to basic skills required in
strabismus surgery from experience of surgery and training.
However, there are elements of recall bias with our senior
and expert participants, as we did not directly compare live
surgery or other dry models during the time of the testing.
Further sampling of experts is desirable to ascertain the
likelihood of this effect but is difficult to assess in a single
ophthalmic unit.

Conclusion

Our proposed low-cost accessible strabismus model
scored positively in our survey. In particular, the model
scored highly for muscle securing and suturing which we
believe are the most challenging aspects of the surgical
learning curve. The muscle dissection and conjunctival
simulation were considered less realistic. Overall, parti-
cipants felt that the model simulated horizontal muscle
surgery well and was comparable to other dry simulation
models.

Summary

What was known before

● Ophthalmic surgical training has evolved to focus on
key competency acquisition, with minimum procedural
numbers required by completion of training.

● Extraocular muscle surgery is an important multi-
disciplinary skill for ophthalmic trainees for strabismus
correction and other procedures, e.g., orbital surgery,
scleral buckling, enucleation and globe repair.

● Simulation training with models shows promise in
aiding surgical skill acquisition.

● There are limited data published on strabismus surgery
training and model validity.

What this study adds

● We present a low-cost strabismus surgical training
model, easily constructed with commercially available
materials.

● Our model performed especially well for muscle
securing and suturing which are the most critical steps
in strabismus surgery.

● This model can be created at home to allow flexible
training suited to the individual trainee to practise and
develop core strabismus surgical techniques.
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