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Abstract

Objectives: Microsurgery is an essential skill for plastic
surgeons and a basic microsurgical course should be inte-
grated into all plastic surgery residents’ training programs,
as mastering this technique cannot be reached only through
observation and requires regular practice. Despite living
models better simulate reality, non-living models have been
shown to be valid tools for basic/intermediate microsurgical
training. While many single preclinical exercises are
described in the literature, there is lack of proposals for a
complete basic program on non-living models. The aim of
this study is to propose a basic microsurgical program
entirely based on non-living models and to evaluate its
feasibility with a cross-sectional study that analyses the
outcomes of its application via the “Queen Mary University
London microsurgery global rating scale” scoring system.
Methods: Nine different exercises for microsurgical
training on non-living models were chosen based on a
literature review. A basic step-by-step microsurgical
training program was built. The program was proposed to
the Plastic Surgery residents of our unit through a five-day
training, during 2020–2023. No participants ‘selection was
made. All participants were examined with a practical test
before and after the proposed program. The results of pre-
and post-training test were collected and analysed.
Results: Each trainee was able to complete a posterior-wall-
first technique end-to-end anastomosis on the chicken thigh

femoral artery with no major mistakes at the end of the
program. Moreover, the data analysis revealed a statistically
significant improvement of each evaluated skill after the
training.
Conclusions: The proposed basic program is easy to orga-
nize and allows the trainee to develop the basic microsur-
gical skills needed to move to advanced training on living
animals or on guided clinical practice.

Keywords: microsurgery; microsurgical training; basic
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Introduction

Microsurgery is a crucial part of a Plastic Surgeon’s surgical
background, as it allows complex reconstructions to be
managed. Dedicated microsurgical training is essential to ac-
quire and develop the needed microsurgical skills and a basic
microsurgical course should be integrated into all Plastic Sur-
geon residency training programs. Aims of basic training
include getting confident with the operative microscope,
microsurgical instruments, and threads, developing hand-eye
coordination under magnification, improving fine tissue
dissection and learning vascular and nerve suture techniques.

Basic microsurgical training is usually set up with the first
phases on non-living models and the advanced ones on living
animalmodels,mostly on living rats [1]. The growing interest in
animal rights and in 3R principles (replace, reduction and
refinement) [2] has led to the development of many alterna-
tives on which to perform not only basic but also advanced
microsurgical training, such as food [3], synthetic materials [4],
3D virtual reality [5, 6] and non-living animal models [7–11].
Several non-livingmodels are described in literature: synthetic
materials, such as vinyl or latex gloves [12], food [3], and non-
living animal models, such as chicken [10, 13], pig [11, 14], and
even some small human samples [15, 16]. While exercises on
syntheticmaterials are designed to learn and improve thebasic
gestures, including instrument and needle handling, wrist
movement andmanual finesse, and often can be interchanged
to rehearse the same skills (e.g. exercises on gauze or on vinyl
gloves), exercises on non-living animals aim at developing
more advanced skills and provide a more realistic simulation
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experience due to tissue consistency [17]. The chicken thigh is
the most used non-living animal model for microsurgical
training due to its clear neurovascular bundle and structural
similarities to human tissue [7]. It allows the trainee to practice
with tissue dissection, vessels preparation for anastomosis,
adventectomy, both with vascular and nerve suture and pro-
vides vessels ranging in diameters from2mmto 0.5mmor less,
making the training more challenging when requested [8].
Furthermore, the chicken thigh can be used for practicing on
flap raising [18]. Several studies have already supported theuse
of chicken thigh for enhancing microsurgical techniques and
have validated it as an effective model for microsurgical
training [10, 13, 19].

Non-living models have globally many advantages: they
are cheap, easily accessible and allow practice starting from
the first steps of training on microsurgical instrument
handling and hand-to-eye coordination to the more chal-
lenging exercises as those on the chicken leg even for
supermicrosurgical training [20]. However, they have some
limitations. The training on non-living models is easier
compared to that on living models: they don’t require
extensive dissection for neuro-vascular bundle exposure,
there is no tissue bleeding or pumping blood flow to manage
during the anastomosis, and loss of blood after clamps
removal; they do not offer the experience of vasospasm or
thrombus formation after vessels manipulation and the
training is stressless because there is no correlation between
any surgical act and animal death. Despite these drawbacks,
they allow the trainee to efficiently learn the basis of
microsurgery and prepare them for the most advanced
phases of training on living models.

We believe that an established basic microsurgical
program, even if utilizing non-living models, could facilitate
widespread learning of microsurgery for its suitability. Its
feasibility, due to easily accessible materials, low costs, and the
absence of ethical concerns, can also help surgical residents
and young surgeons maintain or enhance their existing skills.

The aim of this study was to propose a basic microsur-
gical program based entirely on non-living models and to
evaluate its feasibility through its application to plastic
surgery residents. The proposed program was not intended
to be an alternative training to that on living animals, since
the latter certainly allows the trainee to develop more
advanced microsurgical skills.

Materials and methods

A review of the literature was performed [17], based on
which different exercises on non-living models were
selected. A 25 h basic course was designed, according to

national guidelines for basic training of the Italian Society for
Microsurgery (SIM) [1]. Nine different exercises on non-living
models were chosen. The exercises were proposed following
with increasing difficulty. The first 7 h were spent on non-
animal models, while the following 18 h were spent on the
chicken thigh model. The program was followed by 30 Plastic
Surgery Residents at our Institution, during 2020–2023, in a
five-day course. All residents were included in the study. No
participant’s selection was made. The residents had various
levels of prior experience in microsurgery. Each trainee was
supervised by a consultant (trainee/supervisor ratio 1:1).

Each trainee performed at least 55 anastomoses in line
with the minimum standards set by the International
Microsurgery Simulation Society (IMSS) consensus [21] (15 on
non-animal models, and 40 on non-living animal models). At
least 25 end-to-end and 10 end-to-side anastomoses were
performed on the chicken femoral artery and vein, and at
least 10 neurorrhaphies were performed on the chicken
femoral nerve. Each traineewas evaluated either before and
after the proposed training programby 3 experienced senior
microsurgeons, while making an end-to-end anastomosis on
chicken femoral artery The “QueenMary University London
microsurgery global rating scale” [22] was used for the
evaluation. The final score attributed to each item on the
“Queen Mary University London microsurgery global rating
scale” was unanimously assigned after the collegial evalua-
tion carried out by the three judges. Data on achieved scores
were collected and analysed. Descriptive statistics were
carried out through mean and range for quantitative vari-
ables. Paired samples t-test was used to compare the pre- and
post-training scores for each item and the total score of the
“Queen Mary University London microsurgery global rating
scale”. Statistical significance was set at p<0.05. We followed
the institutional guidelines approved by the local Ethical
Committee of our University Hospital, stating that no ethical
approval is required for studies that do not involve humans
or living animals. The study was conducted according to
STROBE guidelines for cross-sectional studies [23].

Program and exercises

Our program includes preliminary exercises performed
without the aid of the microscope, to improve manual dex-
terity and coordination. They include exercises with sushi
chopsticks, on gauze, and with needles with eyelets. Micro-
surgical exercises, which can only be performedwith the use
of themicroscope are exercises on the plate, on the grape, on
the silicone tube, on the rubber mouse, on the noodles and
finally on the chicken thigh. The exact sequence of exercises
and the skill rehearsed are presented in Table 1.
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Table : Detailed sequence and visual representation of the nine exercises included in the microsurgical training program.

Exercise Time Equipement Execution Skill rehearse Example

Sushi
chopsticks

 h Container, two sushi
sticks, items to be moved
(beans, grains of rice,
lentils)

Moving the objects one by one
from the outside to the inside
of the container

Develop fine
manual skills and
dexterity

Stiches on
gauze

 h Nylon - suture thread,
white gauze, two patches,
curved microsurgical
needle holder, microsur-
gical forceps

Put stiches on a white gauze
fixedwith two patches to avoid
any movement during the
exercise

Develop fine
manual skills and
dexterity

Needle
exercise
with
buttonhole

 h A polystyrene panel, 
needles with eyelets
arranged in pairs, a -
suture thread, curved
microsurgical needle
holder, microsurgical
forceps

First inserting the distal end of
the needles into the
polystyrene panel covered
with a green cloth. Then pass-
ing the microsurgical suture
needle through the eyelets of
the  pairs of needles ar-
ranged in a circle, so as to form
a “double clock”

Develop fine
manual skills and
dexterity

Grape barry
dissection

 h A grape berry, two pins,
polystyrene panel, scal-
pels, microsurgical for-
ceps, microsurgical
scissors

Fix the grape berry with pins to
the polystyrene panel. Draw a
star on the grape skin. Then
start the fine dissection of the
star-shaped skin grape with
microsurgical scissors under
magnification

Improve fine
dissection and
manual finesse
under magnification

Plate
exercise

 h A plastic cup, no-sterile
latex glove (size S), some
stones, nylon - suture
thread, scalpels, curved
microsurgical needle
holder, microsurgical
forceps

Secure a surgical glove on the
surface of the glass with an
elastic band, after placing
stones inside tomake the glass
stable. After cutting the plate
with a scalpel, the sutures are
carried out with the aid of the
microscope

Develop fine
manual skills and
dexterity
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Three exercises (1 h each) were aimed at developing fine
manual skills and dexterity. They included working with
sushi chopsticks, making the letters embroidered on gauze
and training with eyelet needles [24, 25] (Video 1).

The exercise (1 h) executed on the grape berry was meant
to improve manual finesse and tissue dissection [26] (Video 2).

Three exercises (1 h each) were aimed at learning
the basic suturing technique. They included exercises on

the plate, on the silicone tube or the rubber mouse
(vascular suture models) [12, 27] (Video 3) and the exercise
on noodles (nerve suture model) [3] (Video 4). The last
18 h of the program were designed with training on the
chicken thigh model (Videos 5 and 6). This model
was chosen for training on tissue dissection, vascular
anastomosis and neurorrhaphy on tissue similar to the
living ones [8, 10].

Table : (continued)

Exercise Time Equipement Execution Skill rehearse Example

Exercise on
silicon tube

 h Silicon tube, nylon suture
thread -, scissors,
curved microsurgical
needle holder, microsur-
gical forceps

Cut the silicone tube obtained
from a butterfly fleece Then
place the suture on the ante-
rior wall fist and then on the
posterior one.

Learn basic
suturing technique
(vessel suture
model)

Suture on
rubber
mouse

 h Rubber mouse, nylon
suture thread -, scis-
sors, curved microsur-
gical
needle holder, microsur-
gical forceps

Placing the rubber mouse on
the operating field, insert the
rubber tube (green) between
two spikes inside the rubber
mouse.
Cut the rubber tube and place
the suture

Learn basic
suturing technique
(vessel suture
model)

Suture on
noodles

 h Precooked Japanese
noodles, patches, nylon
suture thread -, scis-
sors, curved microsur-
gical
needle holder,
microsurgical forceps

Rehydrate the noodles with
boiling water. Take a noodle
and fixe it with two patches at
the ends. Cut the noodle and
suture it.
Using a - suture thread fa-
cilitates the exercise, as a
larger suture calibre could
destroy the noodle.

Learn basic
suturing technique
(nerve suture
model)

Chicken
thigh

 h Chicken thigh, colored
background, microsur-
gical needle holder, scis-
sors and forceps, vascular
approximator, – or
– nylon suture

Dissect the tissue to identify
femoral vessels.
Prepare the operative field by
placing the background and
the vascular approximator.
Perform adventectomy and
cut the vessel.
Start the anastomosis from
anterior or posterior wall.

Training on tissue
dissection, vascular
anastomosis and
neurorrhaphy
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Results

All trainees were examined before and after the proposed
program by 3 senior microsurgeons through the “Queen
Mary University London microsurgery global rating scale”
parameters. Residents were requested to perform a
posterior-wall-first technique end-to-end microvascular
anastomosis on the chicken femoral artery within 20 min.

The statistical analysis of pre and post training scores
revealed a statistically significant improvement in each item
of the “Queen Mary University London microsurgery global
rating scale” (Figure 1). Moreover, while the total lowest score
of pre trainingwas 28 (range 28–72), at the end of the program
itwas 65 (range 65–98). The results are summarized inTable 2.

All trainees were able to perform the anastomosis and
the fields in which major mistakes were made were knots
tension and squaring, irrigation and time taken for
anastomosis, 5/30 trainees being unable to complete the
anastomosis within 20 min. The comparison of each score
of the “Queen Mary University London microsurgery
global rating scale” during pre- and post-training is shown
in Figure 1.

Video 1: Exercises with sushi chopsticks, on gauze and with eyelet needles.
Note: The image is a still frame from a video clip than can only be viewed
from the online version of the article.

Video 2: Exercise on the grape berry. Note: The image is a still frame
from a video clip than can only be viewed from the online version of the
article.

Video 3: Exercises on the plate, on the silicone tube or on the rubber
mouse (vascular suture models). Note: The image is a still frame from a
video clip than can only be viewed from the online version of the article.

Video 4: Exercise on noodles (nerve suture model). Note: The image is a
still frame from a video clip than can only be viewed from the online
version of the article.

Video 5: Exercise on the chicken thigh (pt1). Note: The image is a still
frame froma video clip than can only be viewed from the online version of
the article.

Video 6: Exercise on the chicken thigh (pt2). Note: The image is a still
frame froma video clip than can only be viewed from the online version of
the article.

Franza et al.: Microsurgical training on non-living models: proposal for basic training 5



Figure 1: Histograms showing pre- and post-
training scores.

Table : Statistical analysis comparing pre- and post-training scores among the  trainees of the program.

Variable (n=)
(mean, range)

Pre-training
score

Post-training
score

Mean
difference

% CI p-Value

Preparation and organization of operative field . (–) . (–) . .–. <.
Instrument holding and hand tremor . (–) . (–) . .–. <.
Technique to pick up and mount needle . (–) . (–) . .–. <.
Needle to needle holder angle . (–) . (–) . .–. <.
Angle of needle to vessel wall . (–) . (–) . .–. <.
Driving needle through vessel wall . (–) . (–) . .–. <.
Guiding needle through vessel wall . (–) . (–) . .–. <.
Needle damage . (–) . (–) . .–. <.
Handling of vessel . (–) . (–) . .–. <.
Tissue bite . (–) . (–) . .–. <.
Suture damage . (–) . (–) . .–. <.
Make a loop in  steps “pick, loop, pick, tighten” . (–) . (–) . .–. <.
Knots tension and squaring . (–) . (–) . .–. <.
Use of magnification . (–) . (–) . .–. <.
Vessel preparation for anastomosis . (–) . (–) . .–. <.
Operative flow . (–) . (–) . .–. <.
Irrigation . (–) . (–) . .–. <.
Time taken for anastomosis (up to  stitches) . (–) . (–) . .–. <.
Quality of anastomosis . (–) . (–) . .–. <.
Patency . (–) . (–) . .–. <.
Total score . (–) . . .–. <.
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Discussion

Microsurgical training is fundamental for Plastic Surgery
residents’ surgical education, preparing them to apply
microsurgical techniques in clinical practice. Microsurgery
requires constant and dedicated preclinical training that is
divided into steps of increasing difficulty: first on non-
animalmodels, then on non-living animalmodels andfinally
on animal models [28]. Usually, microsurgical training on
animal models, especially rats, better replicates the clinical
scenario in humans, but requires dedicated laboratories and
personnel, funding for animals feeding and care, to follow
severe ethical rules and finally involves animals’ sacrifice. In
line with the growing interest in animal rights and 3R
principles (refine, replace and reduce) [2], alternatives for
microsurgical training on non-living models are desirable,
reserving the use of live animals only for themore advanced
phases of training.

The proposed program is easily accessible and appli-
cable and consists of a variety of cost-effective exercises,
simple to replicate, with easy to find materials. Most basic
programs are designed only with the first phases on chicken
thigh models or non-living models and the last phase on
living rats. In our proposal, the variety of exercises allows
more practice on non-living models working on all the
different skills required for microsurgery. It was built by
choosing heterogeneous exercises, also proposing alterna-
tives for the same skill to be practiced, to make the training
more stimulating and less monotonous for the trainee. The
chosen exercises allow the trainees to develop and improve
basic abilities:
– Practicing with sushi chopsticks, gauze and eyelet

needles permits to build up fine manual abilities and
dexterity;

– Grape berry dissection enables to increase the fine
dissection and the manual finesse under magnification;

– Training on silicon tube, rubber mouse and noodles
afford to learn basic suturing techniques for vascular
and nervous patterns;

– Exercising on chicken thigh allows to improve tissue
dissection technique, vessel harvesting for anastomosis
and vascular and nerve sewing techniques.

Although the first macro exercises may seem useless, they are
fundamental for the trainee to understand the right hand and
wrist movements, to familiarize with microsurgical in-
struments and treads and to practice hand steadiness.

Most of the program involves exercises on the chicken
thigh model (18 h), as it empowers several abilities such as
tissue dissection, fine neuro-vascular bundle manipulation,

vessel isolation and adventectomy for anastomosis, to
practice how to prepare the surgical field (to place the
background, to pose the vascular clamps and to irrigate), and
to train all suture techniques on vessels or nerves.

A 25-h setup program is easily organized, however,
giving trainees the basic microsurgical skills needed to start
a supervised microsurgical practice.

All residents were included in the study without any se-
lection based on previousmicrosurgical background, since our
study purpose was not to assess post-training improvement
based on specific experience levels, but to evaluate the overall
feasibility and ability to enhance the progress of the proposed
program.

Our results show that each trainee was able to make a
well-made end-to-end anastomosis on the chicken femoral
artery at the end of the proposed program. The most
frequent failures were about anastomosis speed/time of
execution, the preparation of operative field and knots
squaring, which can be all improved with more practice.

Our results suggest that the proposed training, even if it
consists of simple exercises, could help to improve and
maintain the microsurgical techniques already acquired.

Certainly, exercises on non-living models, despite they
offer a goodmodel for microsurgical training, make training
easier and less realistic compared with ones on living
models. One of the primary drawbacks of non-living models
is their inability to replicate biological reactions such as
bleeding, tissue healing, and physiological changes. In real
microsurgery, factors like vessel elasticity, blood flow, and
tissue response to suturing play a critical role, which non-
livingmodels fail to simulate. Non-livingmodels do not allow
for blood flow assessment, making it difficult to evaluate the
patency of microvascular sutures or to practice of trouble-
shooting techniques for complications like thrombosis or
vasospasm. Therefore, they do not fully replicate the chal-
lenges faced in live surgery. Factors such as time pressure,
patient variability, unexpected complications and the need
of real-time decision-making are absent, which may create a
gap in skill transferability to clinical practice. The absence of
real-life stressors may have an impact on the residents’
ability to adapt to actual surgical environments. Without
exposure to these stressors during training, residents may
struggle to develop adaptability and self-confidence when
shifting to real-life procedures. The inclusion of stress-
inducing elements, such as time constraints or simulated
complications, into training programs could help to bridge
this gap.

Despite their limitations, non-living models allow the
trainee to practice microsurgery from the beginning and to
become familiar with the microscope, microsurgical in-
struments, and treads, to learn how to handle microsurgical
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needles and put well-squared knots, to improve dissection
techniques, especially on non-living animal models, to learn
how to perform adventectomy and cut vessels stumps pre-
paring them for anastomosis and to practice both vascular
and nerve suture.

Additionally, non-living model practice can be supple-
mentedwith high-fidelity simulations and expedients thatmay
better prepare residents for the demands of real microsurgical
procedures or advanced training on living animals.

For example, there are several methods to simulate the
pumping flow, such as the injection of colored fluid into the
vessel [14, 29, 30] and the use of a peristaltic pump
commercially available [31]. These tools can find application
in intermediate level training. Moreover, direct vision under
magnification of the lumen of the anastomosis opened
longitudinally [8] can be useful to overcome the difficulty of
valuing the patency of the anastomosis. There are many
microsurgical courses worldwide that differ in difficulty,
type of models used (non-living vs. living or both) and usually
last 1 or 2weeks. It is established that an intensive and focused
microsurgical workout, through step-by-step increasingly
difficult exercises, allows the trainee to gain a microsurgical
technique almost comparable to that of experienced micro-
surgeons, due to the importance of repeating the same sur-
gical acts in a relatively short time [32].

A program based on non-living models, regardless of all
concerns about it does not use the optimal simulation reality
models, allows the development of the needed basic micro-
surgical skills, to perform and repeat the fundamental sur-
gical gestures in the execution of vascular anastomoses, thus
can prepare the trainee for the most advanced phases of
training.

Despite non-living models have different drawbacks
and will probably never be able to totally replace living
models, they consent to practice microsurgery anytime
and almost anywhere with only the use of an operative
microscope and microsurgical instruments and give the
trainee with the essential skills and model knowledge to
further train independently. This study was designed to
provide a cheap, easy organizable and standardized basic
program on non-living models in which we propose a wide
variety of exercises of increasing difficulty that make
training stimulating and challenging, even on non-living
models.

The main limitation of this study is the small number of
trainees to which it has been applied, being 30 participants
not a significant sample. Another limitation is thatwe did not
compare the results of non-living models training with the
ones on living models. However, the training program pro-
posed is a valuable reference for other training programs or
surgical residents themselves.

Conclusions

The described program represents a basic microsurgical
course entirely based on non-living models, standardized
following the guidelines of the Italian Society for Microsur-
gery (SIM) that proposes a step-by-step guided training that
was previously missing in the current literature. It gives
trainees with the basic microsurgical skills needed to move
on to rat in vivo training or supervised clinical practice. This
program makes microsurgical training easily accessible,
stimulating and organizable and could help to spread
microsurgical practice among residents or young surgeons.
However, the reiteration of the practical test among trainees
in order to evaluate the long-term retention of acquired
skills, the supplementation of high-fidelity simulations and
the enrollment of a larger sample in a multi-center study
would be beneficial to assess the validity of the proposed
program.

Research ethics: Not applicable.
Informed consent: Not applicable.
Author contributions: The study conceptualization and
design were performed by F.T. and M. F. The literature
search and data analysis were performed by A. B. D. S. and E.
C. Table, figures and videos weremade by G.M. D.A. and G. Z.
The first draft of the manuscript was written by M. F. and all
authors commented on previous versions of themanuscript.
F.T. revised the manuscript. All authors read and approved
the final manuscript.
Use of Large Language Models, AI and Machine Learning
Tools: None declared.
Conflict of interest: The authors state no conflict of interest.
Research funding: None declared.
Data availability: Not applicable.

References

1. Tos P, Moschella F. Progressione didattica nell’apprendimento della
microchirurgia. In: Tos P, Pedrazzini A, editors. Manuale Di
Microchirurgia, Dalle Tecniche Di Base a Quelle Avanzate. Pinoro,
Bologna, Italy: Timeo Editore s.r.l; 2015:81–90 pp.

2. Castaldo S. Regola delle 3r per minimizzare l’impatto sull’animale da
laboratorio. In: Tos P, Pedrazzini A, editors. Manuale di microchirurgia,
Dalle tecniche di base a quelle avanzate. Pinoro, Bologna, Italy: Timeo
Editore s.r.l; 2015:207–11 pp.

3. Shimizu T, Yoshida A, Omokawa S, Tanaka Y. A microsurgery training
model using konjac flour noodles. Microsurgery 2019;39:775–6.

4. Atlan M, Lellouch AG, Legagneux J, Chaouat M, Masquelet AC,
Letourneur D. A New synthetic model for microvascular anastomosis
training? A randomized comparative study between silicone and
polyvinyl alcohol gelatin tubes. J Surg Educ 2018;75:182–7.

8 Franza et al.: Microsurgical training on non-living models: proposal for basic training



5. Erel E, Aiyenibe B, Butler PEM. Microsurgery simulators in virtual
reality: review. Microsurgery 2003;23:147–52.

6. Bielsa VF. Virtual reality simulation in plastic surgery training. Literature
review. J Plast Reconstr Aesthetic Surg 2021;74:2372–8.

7. Jeong HS, Moon MS, Kim HS, Lee HK, Yi SY. Microsurgical training with
Fresh chicken legs. Ann Plas Surg 2013;70:57–61.

8. Chen WF, Eid A, Yamamoto T, Keith J, Nimmons GL, Lawrence WT. A
novel supermicrosurgery training model: the chicken thigh. J Plast
Reconstr Aesthetic Surg 2014;67:973–8.

9. Athanassopoulos T, Yuen C, Loh Y, Surgery R, Hospital N, Surgery R. The
chicken foot digital replant training. Hand Surg 2015;20:199–200.

10. Creighton FX, Feng AL, Goyal N, Emerick K, Deschler D. Chicken thigh
microvascular training model improves resident surgical skills.
Laryngoscope Investig Otolaryngol 2017;2:471–4.

11. Steffens K, Witthaut J, Koob E. Microsurgical training using pig legs. Eur
J Plast Surg 1996;19:42–4.

12. Rodriguez JR, Yañez R, Cifuentes I, Varas J, Dagnino B. Microsurgery
workout : a novel simulation. Plast Reconstr Surg 2016;739–47. https://
doi.org/10.1097/PRS.0000000000002456.

13. Schoeff S, Hernandez B, Robinson DJ, Jameson MJ, Shonka DC.
Microvascular anastomosis simulation using a chicken thigh model:
Interval versus massed training. Laryngoscope 2017;127:2490–4.

14. Banda CH, Mitsui K, Ishiura R, Danno K, Narushima M. A
supermicrosurgery pig foot training model for practice of
lymphaticovenular anastomosis. Microsurgery 2020;40:91–2.

15. Allouni A, Amer T, Ismail M, Ismail T. The human Umbilical Cord: a
model for microsurgical training. J Hand Microsurg 2016;06:111–12.

16. Ishii N, Kiuchi T, Oji T, Kishi K. Microsurgical training using reusable
human vessels from discarded tissues in lymph node dissection. Arch
Plast Surg 2016;43:595–8.

17. Franza M, Buscemi S, Incandela FG, Cammarata E, Romano G, Cicero L,
et al. Microsurgical training on non-living models: a literature review.
Eur J Plast Surg 2024;47:41.

18. Pafitanis G, Serrar Y, Raveendran M, Ghanem A, Myers S. The chicken
thigh adductor profundus freemuscle flap: a novel validated non-living
microsurgery simulation training model. Arch Plast Surg 2017;44:
293–300.

19. Fleurette J, Atlan M, Legagneux J, Fitoussi F. Training in microvascular
anastomosis - a randomized comparative study between chicken thigh
specimen and live rat. Hand Surg Rehabil 2023;42:499–504.

20. Cifuentes IJ, Rodriguez JR, Yañez RA, Cuadra ÁJ, Varas JE, Dagnino BL. A
novel ex vivo training model for acquiring supermicrosurgical skills
using a chicken leg. J Reconstr Microsurg 2016;32:699–705.

21. Ghanem A, Kearns M, Ballestín A, Froschauer S, Akelina Y, Shurey S,
et al. International microsurgery simulation society (IMSS) consensus
statement on the minimum standards for a basic microsurgery course,
requirements for a microsurgical anastomosis global rating scale and
minimum thresholds for training. Injury 2020;51:126–130. 32063338.

22. Applebaum MA, Doren EL, Ghanem AM, Myers SR, Harrington M,
Smith DJ. Microsurgery competency during plastic surgery residency:
an objective skills assessment of an integrated residency training
program. Eplasty 2018;18:e25. http://www.ncbi.nlm.nih.gov/pubmed/
30338013%0Ahttp://www.pubmedcentral.nih.gov/articlerender.fcgi?
artid=PMC6162644.

23. Cuschieri S. The STROBE guidelines. Saudi J Anaesth 2019;13:S31–4.
24. Dumont L, Hubert T, Guerreschi P. La « double horloge » ou comment

apprendre la microchirurgie sans animal The ‘double clock‘ or how to
learn microsurgery without animal. Ann Chir Plast Esthet 2011;56:
555–7.

25. Oltean M, Sassu P, Hellstrom M, Axelsson P, Ewaldsson L, Nilsson AG,
et al. The microsurgical training programme in Gothenburg, Sweden:
early experiences. J Plast Surg Hand Surg. 2016;51:1–6.

26. Masud D, Haram N, Moustaki M, Chow W, Saour S, Mohanna PN.
Microsurgery simulation training system and set up: an essential
system to complement every training programme. J Plast Reconstr
Aesthetic Surg 2017;70:893–900.

27. Cigna E, Bistoni G, Trignano E, Tortorelli G, Spalvieri C, Scuderi N.
Microsurgical teaching: our experience. J Plast Reconstr Aesthetic Surg
2010;63:e529–31.

28. Adani R, Altissimi M, Amoroso M, et al. Manuale di microchirurgia dalle
tecniche di base a quelle avanzate; 2015.

29. Zeng W, Shulzhenko NO, Feldman CC, Dingle AM, Poore SO. “blue-
Blood”- infused chicken thigh training model for microsurgery and
supermicrosurgery. Plast Reconstr Surg Glob Open 2018;6:20–2.

30. Albano NJ, Zeng W, Lin C, Uselmann AJ, Eliceiri KW, Poore SO.
Augmentation of chicken thigh model with fluorescence imaging
allows for real-time, high fidelity assessment in supermicrosurgery
training. J Reconstr Microsurg 2021;37:514–18.

31. Phoon AF, Gumley GJ, Rtshiladze MA. Microsurgical training using a
pulsatile membrane pump and chicken thigh: a new, realistic,
practical, nonliving educational model. Plast Reconstr Surg 2010;126:
278e–279e.

32. Lascar I, Totir D, Cinca A, Cortan S, Stefanescu A, Bratianu R, et al.
Training program and learning curve in experimental microsurgery
during the residency in plastic surgery. Microsurgery 2007;27:
263–7.

Franza et al.: Microsurgical training on non-living models: proposal for basic training 9

https://doi.org/10.1097/PRS.0000000000002456
https://doi.org/10.1097/PRS.0000000000002456
http://www.ncbi.nlm.nih.gov/pubmed/30338013%0Ahttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC6162644
http://www.ncbi.nlm.nih.gov/pubmed/30338013%0Ahttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC6162644
http://www.ncbi.nlm.nih.gov/pubmed/30338013%0Ahttp://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=PMC6162644

	Microsurgical training on non-living models: proposal for basic training
	Introduction
	Materials and methods
	Program and exercises

	Results
	Discussion
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


