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A novel three-in-one silicone model for basic microsurgery training
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Abstract
Background Microsurgery simulation is an important aspect of surgical training. Animal models have been widely used in
simulation training, but they have some limitations including ethical restrictions, cost and availability. This has led to the use
of synthetic models that can reduce reliance on animals in line with the 3R (refinement, reduction and replacement) principles.
The aim of this paper was to evaluate the face validity of Surgitate™ three-in-one (artery, vein and nerve) silicone model.
Methods Fourteen candidates performed one end-to-end anastomosis on artery, vein and nerve. The face validity of the vessel
was assessed via questionnaires detailing their previousmicrosurgical experience and their feedback of using this model using the
Likert scale. Data management and analysis were performed using IBM SPSS software (25.0).
Results Participants tended to value this model in the earlier stages of microsurgical training particularly in the acquisition of
basic microsurgical skills. It could be particularly useful in enhancing suturing skills as a replacement or reduction in the use of
chicken models. The model has some drawbacks preluding its utilization into more advanced stages of surgical training. Further
studies are needed to validate the model using more objective measures.
Conclusion We present a novel synthetic model that can be potentially introduced to early stages of microsurgery training. The
model would be ideal to meet the 3R principles of the use of animal models and as an alternative to the commonly used synthetic
models.
Level of evidence: Not ratable.
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Introduction

Simulation surgical training helps surgical trainees optimise
their performance in the operating theatres while also provid-
ing a means for evaluation of their skills [1]. Microsurgery

simulation is becoming an essential training method for acqui-
sition and maintenance of microsurgical skills [2, 3]. While
animal models have been extensively used in surgical training,
there are some limitations with the use of animal models.
There are ethical considerations with the use of living models,
and this has resulted in a trend towards development of sim-
ulation models that can reduce reliance on animals in line with
the 3R (refinement, reduction and replacement) principles
[4–6]. Moreover, although live animal models do confer great
face validity, they require a dedicated animal care facility and
trained staff. Thirdly, despite the high fidelity, there are still
anatomical and physiological differences between human tis-
sue and animal models. Finally, the high cost of surgical train-
ing resulted in development and spread of many non-living
animal and synthetic models for microsurgery simulation [7].
The main advantage of using synthetic models in microsur-
gery training is that they can potentially be curated to exhibit
with greater fidelity human tissue and to improve specific sub-
tasks such as suturing skills or nerve damage repair. We pub-
lished a design of a 5-day basic microsurgery simulation train-
ing course [8] in which we used synthetic models during the
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first day followed by non-living animal models (chicken) for
the rest of the course.

The aim of this paper was to evaluate the face validity of
Surgitate™ three-in-on silicone slab model that can serve as
an animal-free alternative to be incorporated into early micro-
surgical training towards replacing, refining and reducing the
use of animal models in microsurgery training.

Materials and methods

We evaluated the face validity of a three-in-one (artery, vein
and nerve) synthetic silicone slab model designed by a simu-
lation company (Surgitate™) – (Fig. 1). One end-to-end anas-
tomosis on artery, vein and nerve was performed using 10-0
sutures following training on chicken thigh models by 14
candidates from our Reconstructive Microsurgery MSc pro-
gramme, Queen Mary University of London, at the Center of
Biotechnology, Naples, Italy. The face validity of the vessel
was assessed via questionnaires detailing previous microsur-
gical experience on human tissue, animal and synthetic
models, their current level of surgical training, and their feed-
back of using this model using the Likert scale to evaluate
validity of using the arterial, venous and nerve component of
the model and to elicit comparisons with animal models.

Data management and analysis were performed using IBM
SPSS Statistics for Windows, Version 25.0 (Armonk, NY:
IBM Corp.). In order to assess the value that participants
gained from using the slab model in their microsurgical train-
ing, we correlated the participant’s feedback at the end of the
course using Pearson’s correlation. A partial (second) order
correlation was performed controlling for lead experience in
microvascular anastomosis to determine the extent that the
Surgitate model was being perceived in the surgical training
paradigm. Statistical significance was accepted with P value
< 0.05.

Results

As shown in Table 1, most participants were males (10/14,
71%) and had limited surgical training experience. For exam-
ple, 57% of the participants had from less than 5 years of
experience in microsurgery and spent less than 10 days in total
in microsurgery simulation training sessions. Seventy-two
percent of the participants performed a maximum of 10 mi-
crovascular procedures, and 62% performed microsurgical
nerve repair independently in real clinical setting. The most
commonly used microsurgery simulation training models
were chicken (86%) and rats (living (71%) and non-living
(57%)). Prior training with synthetic models was low (36%)
reflecting the reluctance of surgical training programmes to
incorporate synthetic models with questionable validity.

As Table 2 shows, most participants (93%) recommended
using Surgitate model for basic microsurgery skills acquisi-
tion. A similar proportion of the participants felt that the mod-
el is an excellent training model to prepare them for
performing microvascular and microneural repair on human
tissue, and 57% of the participants felt that the model does not
resemble microsurgical training in the real clinical setting. As
seen in Table 3, participants who strongly recommended the
slab model to be included in basic microsurgical training were
significantly likely to report that they agree that the slab model
provides good basic training in terms of acquisition and main-
tenance of microvascular and microneural repair skills as well
as preparing them to the actual clinical setting. The correla-
tions between recommending the slab model for microvascu-
lar and microneural repair skills acquisition and preparation
for actual clinical setting were largely unaffected following
the partial order correlation, whereas the perception that the
slab model is adequate for maintenance of microsurgery skills
was reduced.

In Table 4, compared to chicken models, the participants
appreciated Surgitate model mainly for acquisition of

Fig. 1 a. Surgitate silicone model allowing microvascular anastomosis on a vessel, b. Illustration of the layers comprising the model (left to right: nerve,
artery and vein)
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microvascular suturing skills (79%) but less likely for training
on tissue dissection (36%) or microvascular anastomosis (43%).
Only 43% agreed that Surgitate model adequately resembles
performing microsurgical procedures on live animal models.

Finally, there was a significant positive correlation
(Table 5) between the participants’ feedback rating of the de-
gree to which they regarded the slab model as a useful new
model for microvascular and microneural anastomosis and the

Table 1 Demographic data and
previous microsurgery experience
of the participants in the training
course

Grouping Frequency Percentage

(N = 14)

Gender Male 10 71%

Female 4 29%

Years of surgical training 1–4 8 57%

5–8 4 14%

> 8 2 14%

Previous microsurgery simulation
training attended (days)

5 6 43%

6–10 2 14%

> 10 4 29%

N/A 2 14%

Prior experience as the lead
(independent) surgeon in
microvascular (arteries or
veins) anastomosis

0 4 29%

1–10 6 43%

11–20 1 7%

21–30 1 7%

> 30 2 14%

Prior experience as the lead
(independent) surgeon in
microsurgical nerve repair

0 1 7%

1–10 8 57%

11–20 2 14%

21–30 1 7%

> 30 2 14%

Previous training models used Chicken 12 86%

Rats (living) 10 71%

Rats (non-living) 8 57%

Pigs 6 43%

Micro-trainer and silicon tubes 5 36%

None 1 7%

Table 2 Face validity feedback responses to elicit participants’ experiences with the Surgitate model compared to microsurgery training in real clinical
setting (human tissue)

Post-training feedback Strongly/moderately
agree (n, %)

Neutral (n, %) Strongly/moderately
disagree (n, %)

“I recommend basic courses with the course in a slab model
for trainees for microsurgery skill acquisition”

13 (93%) 0 1 (7%)

“This training using course in a slab models is excellent
training as preparation for microvascular and microneural
repair”

11 (79%) 3 (21%) 0

“This training using course in a slab models is excellent training
for maintenance of skills involved in microvascular and
microneural repair”

7 (50%) 5 (36%) 2 (14%)

“It is possible to learn all exercises of microvascular repair type
using the new model for basic course”

11 (14%) 1 (7%) 2 (14%)

“The course in a slab model would facilitate skills acquisition
prior to actual clinical setting”

13 (93%) 1 (7%) 0

“This training using course in a slab models adequately
resembles operating on human tissue/the clinical setting”

4 (29%) 2 (14%) 8 (57%)
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resemblance of the slab model to human tissue and animal
models.

Discussion

Alternative synthetic models have been introduced for micro-
surgery simulation training trying to comply with the 3R prin-
ciples. Therefore, microsurgery simulation training nowadays
usually begins teaching surgical trainees using low-fidelity
synthetic models and progress and increase in complexity un-
til it reaches a high-fidelity model such as living rat, which is
the gold standard [7–10]. These synthetic models include su-
ture practice cards, rubber pads, bubble wrap, latex and vinyl
gloves, silicone and polyvinyl alcohol gelatin tubes and many
others [5, 10–11]. Atlan et al. [12] believe that although most
synthetic models are considered as low-fidelity models, how-
ever, they are easy to access, and they shorten learning curve
and facilitate basic microsurgical skills acquisition. These ba-
sic skills include instrument handling, microscope positioning
and suturing [15, 16].

Weber et al. [17] and Yen et al. [18] described a similar
three-in-one model (PracticeRat) that allows nerve repair and
arterial and venous anastomosis artery made of polyethylene
tubes assembled in Petri dish. Although it is made of simple
materials and it allows the trainee to check their vascular anas-
tomosis patency, its cost is relatively high, and it does not offer
realistic dissection of the surrounding tissues including the
adventitia and is not a good model for practicing nerve repair.

Our study results demonstrate that Surgitate three-in-one
silicone model could be a useful replacement to the use of
animal models especially at basic stages of microsurgical sim-
ulation training. This model could be particularly useful in
enhancing suturing skills as a replacement and a reduction in
the use of chicken models. This model can be also suitable for
performing microvascular anastomosis in end-to-end and end-
to-side fashions and end-to-end anastomosis of vessels with
size discrepancy and inter-positional graft, similar to the rat
model described by Shurey et al [7]. It offers up to 18 different
exercises on artery, vein and nerve, boxed in a model.

There were some drawbacks that preluded the utilisation of
the slab model into more advanced stages of surgical training,
primarily objections to the vein being too-thick walled, poor

Table 3 Pearson’s correlation between feedbacks

Feedback Feedback Pearson’s correlation
(zero order)

Pearson’s correlation
(partial ordera)

“I recommend basic courses with
the course in a slab model for
trainees for microsurgery skill
acquisition”

“The course in a slab model would facilitate
skills acquisition prior to actual clinical
setting”

0.759** 0.736**

“This training using course in a slab models
is excellent training as preparation for
microvascular and microneural repair”

0.756** 0.793**

“This training using course in a slab models
is excellent training for maintenance of
skills involved in microvascular and
microneural repair”

0.295* 0.229

*One-tailed significance < 0.05, **significance < 0.01, a partial (second) order correlation after controlling for lead experience in microvascular
anastomosis and microneural repair

Table 4 Face validity feedback responses to elicit participants’ experiences with the Surgitate model compared to animal models

Post-training feedback Strongly/moderately
agree (n, %)

Neutral (n, %) Strongly/moderately
disagree (n, %)

“This training using course in a slab models adequately
presents the dissection components of the exercise
completed in non-living chicken model”

5 (36%) 5 (36%) 4 (29%)

“This training using course in a slab models adequately
presents the preparation for anastomosis components
of the exercise completed in a non-living chicken model”

6 (43%) 6 (43%) 2 (14%)

“This training using course in a slab models adequately
presents the microvascular suturing skills components
of the exercise completed in a non-living chicken model”

11 (79%) 1 (7%) 2 (14%)

“The training using course in a slab model adequately
resembles operating on live animal models”

6 (43%) 3 (21%) 5 (36%)
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plasticity of the vessels as compared to animal model or hu-
man tissue and poor opposition of the intima. Moreover, most
participants showed that there was a disparity between their
surgical experience and the value of the use of this model for
simulation training. The participants have also expressed that
this model does not replicate true clinical scenarios such as a
pulsatile vessel, easy-to-dissect adventitia and mimicking ra-
diated or atherosclerotic vessels. These drawbacks are not
insurmountable, and we have informed the manufacturer of
these comments, and hopefully future developments of this
slab model will take these design pitfalls into considerations
to design a more clinically advanced microvascular training
model. The cost of the slab model (around $150) exceeds that
of the chicken and that is another limitation; however, we
envision that the utility of this model is in its “boxable” nature
where it could serve as a commercial proof of concept for
demonstration of microsurgical techniques particularly sutur-
ing tools.Moreover, the model does offer potential advantages
such as ethical replacement of animal models, no need for
preservation and refrigeration which provides a permanent
record for evaluation of performance. Thus, further studies
are needed to evaluate its cost-effectiveness.

The study has some limitations, and these include small
sample size and therefore lack of enough generalizability,
and no pre-training model evaluation was sought from the
participants to compare it with this post-training evaluation.
However, the present study has some important strengths; for
example, we provided a thorough evaluation of the model in
terms of being useful for microsurgical skills acquisition and
maintenance and preparation for actual clinical setting. We

have also provided a comparison between this model and
commonly used animal models in microsurgical training.

Future work should consider further model validation
using hand motion analysis (HMA) and global rating scores
(GRS) on standardised exercises as suggested by
Ramachandran et al. [19]. For end-product assessment, the
Anastomosis Lapse Index (ALI) score [3] can be used theo-
retically, but as the silicone walls would not fold, a similar
analysis of errors to validate end-product assessment will be
necessary.

Conclusion

We present a novel synthetic model that can be potentially
introduced to early stages of microsurgery training that would
be ideal to meet the 3R principles of the use of animals. We
propose that this three-in-one synthetic silicone model for mi-
crovascular training is a useful beginner-level alternative to
the commonly used synthetic and animal models.
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