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Abstract Purpose In an era when trabeculectomy surgeries in the United States are on the
decline, ophthalmology residents may have limited opportunities to practice surgical
techniques critical to success. However, key steps of trabeculectomy surgery can be
introduced in a wet laboratory using a simple surgical model based on food items.
Methods A fresh lime and chicken parts with skin, purchased from a grocery store,
were utilized to practice trabeculectomy surgery. The white rind of a lime was used as a
surrogate for human sclera and was incised to create a trabeculectomy flap. The flap
was then successfully sewn down with 10–0 nylon suture using an operating micro-
scope. The skin of the chicken part was used to re-create a fornix-based and limbus-
based conjunctival incision, which was then sutured closed using 6–0 Vicryl suture. A
survey of wet laboratory participants was conducted to assess the feasibility and
efficacy of this technique.
Results Survey respondents were divided into two groups, those who had performed
�40 incisional glaucoma surgeries and those who had performed <40. Both groups
rated the simulation a 4 (mode) out of 5 in terms of how well it prepared them for
glaucoma surgery on a human eye and how well the materials replicated human tissue,
with 1 being not at all and 5 being very well. Similarly, both groups rated ease of setup
and material acquisition a 1 out of 5, 1 being not difficult at all and 5 being extremely
difficult. Also, 93.5% of the survey respondents recommended implementing this
trainingmodel at other teaching hospitals, and none of the respondents recommended
against it.
Conclusion This trabeculectomy teachingmodel is inexpensive, clean, and safe, and it
provides a reasonably realistic substrate for surgical practice. It does not require
cadaver or animal eyes, and no fixatives are needed, thus minimizing the risk of contact
with biohazardousmaterials. Wet laboratorymaterials are easy to obtain, making this a
practical model for practicing glaucoma surgery in both westernized and developing
countries.
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Despite the rise of minimally invasive glaucoma surgeries,1

trabeculectomy and glaucoma drainage device surgery are
still the two primary incisional surgical approaches for
management of intraocular pressure in cases of severe
glaucoma. Both surgeries require skill in working in a small
space with delicate tissues to create controlled aqueous
flow.2 While modern-day glaucoma surgeries are generally
successful, several intraoperative and postoperative compli-
cations may occur,3 and practice is a necessary prerequisite
to preparing for surgery.

Training residents to perform trabeculectomy has multi-
ple challenges. The skills utilized in these surgeries are
unique, particularly creating a scleral flap and handling
Tenon’s fascia and conjunctiva. Trabeculectomy surgery
has been documented to be less successful in the hands of
surgeons-in-training than when performed by experienced
surgeons.4 In addition, the number of trabeculectomy sur-
geries performed on the Medicare population in the United
States has declined in recent years,5whichmay limit resident
opportunities for training. According to a 2005 survey, most
ophthalmology residents were narrowly achieving the re-
quired surgical numbers as primary surgeons in glaucoma
filtering procedures.6 For residents training in 2009 to 2016,
the average number of primary filtering surgeries decreased
from 6.0 cases to 4.8 cases, with concurrent increases in
primary glaucoma drainage implants from 4.5 cases to 6.3
cases.7 To put those numbers into perspective, ophthalmol-
ogy residents perform �13 times more primary cataract
surgeries than trabeculectomy surgeries during residency.8

The COVID-19 pandemic reinforced the importance of wet
laboratories for surgical training when many elective oph-
thalmic surgeries were cancelled or postponed. In addition,
opportunities for accessible glaucoma surgery wet laborato-
ry training are important in developing countries. The United
Nations Sustainable Development Goals recently adopted its
first resolution to develop eye care in emerging nations, and
it was noted that simulation training (wet laboratories,
virtual reality) may be an important part of this.9

Unlike cataract surgery, where there are a multitude of
published models (animal eyes and virtual reality simula-
tion),10,11 only a few exist for practicing trabeculectomies.
Costly synthetic eyes are available, as are cheaper pig12 and
goat eyes, though these require time and effort to obtain.13

We propose a novel method that is easily accessible and
inexpensive, requiring only a fresh lime and any chicken part
with skin.

Methods

A wet laboratory for simulating trabeculectomy surgery
was developed at the University of California, Davis De-
partment of Ophthalmology & Vision Sciences. In addition,
a survey was deployed to users of the wet laboratory to
assess feasibility and efficacy of this technique. This study
was exempt from the requirement for institutional review
board approval because it did not involve human or animal
research, and no personal health information was
collected.

Wet Laboratory Materials

• Fresh lime, any size but with thick rind (white layer under
the skin)

• Raw, unfrozen chicken (legs, thighs) with skin
• Styrofoam board or head form
• Forceps (0.12 forceps, 0.3 forceps, tyers)
• 6700 or 7500 Beaver blade, microcrescent blade, or blade

of your choice
• Westcott and Vannas scissors
• Needle driver
• Suture material (9–0 or 10–0 nylon, 6–0 or 7–0 silk or

Vicryl)
• Marking pen
• Vegetable peeler

Surgical Technique

Material Preparation for Lime Scleral Flap Creation

1. Peel the skin (green outer layer) of the lime with a
vegetable peeler. Remove only the green skin, leaving as
much of the white rind in place as possible. Wait 10 to
15minutes for the rind to dry.

2. Pin the lime into a Styrofoam head (or similar holder).
3. Using a marking pen, draw an approximately 12-mm

circle on the lime to represent the corneal limbus. The
lime rind (white part underneath the green skin) will
represent the sclera.

Creating and Suturing a Scleral Flap (►Fig. 1)

1. Create a flap that is three-fourths the depth of the “sclera”
with any of the above-mentioned blades. If dissection is
too deep, one will see a darkening of color, created by the
green fruit, much in the same way one would see a color
change from underlying uvea in the human eye. Common
flap shapes are rectangular, trapezoidal, or triangular.

2. Suture the flap with 9–0 or 10–0 nylon suture. Place one
suture in each corner of the flap. Practice placing sutures
on the side of the flap.

“Conjunctival” Sewing Using Chicken Skin
(►Figs. 2 and 3)

1. Using a marking pen, draw an approximately 12-mm
circle on the chicken skin to represent the corneal limbus.

2. Fornix-based trabeculectomy incision: incise the chicken
skin at the limbus and create a small peritomy. Use larger
suture such as the 6–0 or 7–0 silk or Vicryl to sew the skin
back to the limbus at each end, as shown in ►Fig. 2.

3. Limbus-based trabeculectomy incision: cut a line in the
chicken skin�8mmposterior to the limbus, and then sew
the skin together using a running suture pattern, as shown
in ►Fig. 3.

This training model has been utilized by residents and
fellows at the University of California Davis Eye Center to
practice their surgical techniques. A surveywas developed by
the authors using a Likert scale to assess the efficacy of the
model in preparing eye surgeons for glaucoma surgery. It
queried participants on the likeness of the simulation to
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Fig. 1 Trabeculectomy scleral flap creation and closure simulation using a lime (suture, 10-nylon suture [Ethicon US, LLC, Cincinnati, OH]).
(A) Creation of scleral flap. (B) Dissection of scleral flap. (C) Incision into the “anterior chamber.” (D) Punching the sclerostomy. (E) Suturing the
scleral flap closed. (F) Tying the suture tight.

Fig. 2 Fornix-based trabeculectomy conjunctival flap simulation with closure using chicken skin. (A) The conjunctiva is incised along the limbus.
(B, C) A buried suture (6–0 Vicryl suture; Ethicon US, LLC, Cincinnati, OH) is used to appose the left side of the conjunctival flap to the
limbus. (D, E, F) A similar suture is used to appose the right side of the conjunctival flap to the limbus to create a watertight closure.
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surgery on a human eye, as well as whether this food
model was preferred over animal eye models. This survey
was sent by email to past participants in the wet laboratory
simulation using Google Forms (Alphabet Inc., Mountain-
view, CA).

Results

A total of 31 participants who had performed the wet
laboratory simulation responded to the survey. A summary
of responses (expressed as the mode) is shown in ►Table 1.

Fig. 3 Limbus-based trabeculectomy conjunctival flap simulation with closure using chicken skin. (A) Westcott scissors are used to create a
conjunctival incision 8mm posterior to the limbus. (B) An anchoring suture (Ethicon US, LLC, Cincinnati, OH) is placed at the left side
of the incision. (C, D) A running suture is used to close the incision. (E) A loop is created from the last running suture. (F) The loop is used to create
the final knot to secure the running closure.

Table 1 Ratings (mode) of survey respondents

All
respondents
(n¼31)

Respondents
who have
performed
�40 glaucoma
incisional cases
(n¼ 18)

Respondents who
have performed
<40 glaucoma
incisional cases
(n¼ 13)

How well did the simulation prepare you for glaucoma surgery on a
human eye? (Scale of 1–5, 1 being not at all and 5 being very well)

4 4 4

How well did the lime rind simulate human sclera? (Scale of 1–5, 1
being not at all and 5 being an exact replica)

4 4 4

How well did the simulation prepare you for suturing human sclera?
(Scale of 1–5, 1 being not at all and 5 being very well)

4 4 4

Howwell did the chicken skin simulate human conjunctiva? (Scale of
1–5, 1 being not at all and 5 being an exact replica)

4 4 4

How well did the simulation prepare you for suturing human
conjunctiva? (Scale of 1–5, 1 being not at all and 5 being very well)

4 4 4

How difficult was it to acquire the materials? (Scale of 1–5, 1 being
not difficult at all and 5 being extremely difficult)

1 1 1

How difficult was it to set up the simulation? (Scale of 1–5, 1 being
not difficult at all and 5 being extremely difficult)

1 1 1
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The respondents were divided into two cohorts: those who
had performed �40 glaucoma incisional surgeries and those
who had performed <40.

Comparison of Lime and ChickenModel to Animal Eyes
and Likelihood of Recommending Wet Laboratory
A total of 50% of respondents preferred using limes over
animal eyes for practicing incising and sewing scleral tissue,
while 23.3% said both models were equally effective, and
23.3% preferred animal eyes. Similarly, 46.4% of respondents
preferred using chicken skin over animal eyes for practicing
conjunctival sewing techniques, while 32.1% said both mod-
els were equally effective, and 17.9% preferred animal eyes.
Also, 93.5% of survey respondents said they would recom-
mend implementing this training model at other residency
programs or teaching hospitals, saying “the items are very
easy to acquire,” “the tissue felt and behaved similar to
human tissue,” and “the cleanupwas easier” than with other
models such as animal eyes. The remaining 6.5% of respon-
dents were unsure whether they would recommend the
simulation.

Discussion

Wet laboratory curricula have proven valuable in preparing
inexperienced cataract surgeons for the operating room.14

The skills required for trabeculectomy surgery can likewise
be introduced in awet laboratory.13,14Here,wepresent awet
laboratory teaching model for trabeculectomy that can be
performed safely and with minimal preparation.

Currently, the proposed methods for trabeculectomy
surgery training include using cadaver eyes, animal
eyes,12,13 synthetic models, and a fruit model.15 The use of
virtual reality simulators has been shown to improve trainee
surgical outcomes in more common procedures, such as
phacoemulsification,11 but, to the best of our knowledge,
no virtual trabeculectomy simulators exist, likely due to the
lack of demand and high cost associated with the develop-
ment of this technology. The use of cadaver and animal eyes
has several disadvantages, including high cost, low availabil-
ity, lack of viable conjunctiva, and potential contamination
with infectious diseases.16 The sclera of animal eyes (pig,
sheep) is much tougher than that of human sclera, and
preparation of cadaver eyes requires the use of potentially
hazardous fixatives, such as formalin. Synthetic eye models
can be used, but they are expensive and may not effectively
replicate the feel of human eyes.16

One other documented model for trabeculectomy utilizes
simple household items (an apple wrapped in plastic cling
wrap).15While thesematerials are easy to obtain, they do not
adequately simulate the texture and feel of human tissue.We
propose that the rind of a lime provides a closer simulation to
human sclera, and that chicken skin affords a better model
for practicing the suture techniques needed for conjunctival
sewing.

The limitations of our practice method are that, while a
lime rind closely simulates human sclera and chicken skin
can provide a pragmatic substrate for sewing, they are not

exact replicas of human tissues. In addition, if a lime with
thin rind is chosen, the rindwill not be thick enough to allow
for the creation of a trabeculectomy flap.

Based on our survey results, most previous participants in
this wet laboratory simulation found the proposed method
to prepare them well for glaucoma surgery on a human eye,
including the techniques of scleral and conjunctival suturing.
Ratings did not seem to be affected by number of incisional
glaucoma surgeries the respondent had performed in their
careers. Participants found the materials easy to acquire and
were able to set up the simulation without difficulty. A large
majority of participants preferred this food model over
animal eyes or found those two models to be equally effec-
tive. Furthermore, almost all the past participants (93.5%)
would recommend implementing this training model at
other teaching hospitals, and none of the respondents to
the survey recommended against it. All results suggest this
technique could be a valuable learning tool for ophthalmol-
ogists training both here in the United States and all over the
world.

Conclusion

Our method of wet laboratory trabeculectomy practice
requires key materials that are easy to obtain, inexpensive,
clean, and safe. There is no significant preparation time,
and the lime and chicken possess reasonably realistic
tissue properties for practicing the construction and clo-
sure of a partial-thickness scleral flap and closure of
conjunctiva.
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The content is solely the responsibility of the authors and
does not necessarily represent the official views of the
agencies they represent.
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