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Abstract

Purpose This study aimed to evaluate the efficiency of the porcine tongue for palatoplasty simulation compared to
3D-printed simulators and their surgical education role.

Materials and methods A total of 18 senior cleft surgeons participated in a palatoplasty simulation-based workshop
conducted using porcine tongue simulators and 3D-printed simulators. This workshop consisted of a didactic

session followed by a hands-on simulation session. Each participant independently used both simulators to perform
Furlow double-opposing Z-plasty, which was assessed and scored by senior cleft surgeons using a scoring system
including organizational flexibility and ductility, anatomical design simulation, proper incision, proper suturing, and
convenience of operation. A paired t test was used for data statistical analysis and a P value < 0.05 was regarded as a
statistically significant difference.

Results All senior cleft surgeons strongly agreed that the simulation-based workshop was a valuable learning
experience, and both simulators were useful and easy to manipulate (P=1.00). The results of this comparative
study showed that a porcine tongue palatoplasty simulator had an effectively significant difference in terms of
organizational flexibility and ductility (P=0.04), and suturing was better than the 3D-printed palatoplasty simulator
(P<0.01). There were no significant differences between the simulators regarding anatomical design simulation
(P=0.76) and incision simulation (P=0.65).

Conclusion Both porcine tongue simulator and 3D-printed simulator have their unique strengths in surgical
education for palatoplasty. Thus, the combined use of a porcine tongue and a 3D-printed cleft palate simulators are
efficient as an educational model to practice Furlow double-opposing Z- palatoplasty. The porcine tongue simulators
are superior in terms of organizational flexibility, ductility, and suturing simulators, while with the 3D-printed
simulator, various palatoplasty techniques can be repeatedly practiced with better-simulated face and oral cavity.
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Introduction

The widespread attention on patient safety and resident
mental health has raised the demand for educational
materials outside the operating room. A simulation is a
helpful tool for evaluating and enhancing surgical skills
in a safe and controlled environment. It was originally
used in general surgery [1], and it has been observed to
provide better advances in skills and knowledge when
compared to traditional teaching methods such as self-
directed reading and the usage of digital images [2]. As
such, multiple cleft palate simulators with realistic tactile
characteristics and precise anatomical simulation have
proven useful in teaching cleft palate repair techniques to
enhance the understanding and confidence level of train-
ees as they progress through their residency program
[3-5].

Simulation-based training (SBT) has evolved as an
essential component of postgraduate surgical educa-
tion. It is effective in teaching procedural skills in a safe,
no-risk training environment and therefore has been
incorporated into multiple residency curricula [1]. Not
surprisingly, using the SBT approach in cleft lip and pal-
ate surgery training programs will enhance the trainee’s
skills in performing different techniques with minimum
morbidities, such as fistula formation, poor scarring, and
velopharyngeal insufficiency [6, 7]. Cleft palate simu-
lators are highly accepted and have become a crucial
methodology for developing and polishing the skills and
competencies of surgeons at all stages of their careers [8].
In terms of construction, simulators can be constructed
using synthetic, animal-derived, cadaver-derived, or vir-
tual models, each with its advantages and disadvantages
[1, 9]. One example is porcine tongue simulators [10-12],
they offer an exceptional platform for realistic tissue
simulation, closely resembling human tissue in terms of
texture, elasticity, and consistency. This similarity makes
them invaluable for honing surgical skills, particularly
for procedures like palatoplasty that involve delicate
manipulation of soft tissues. Moreover, their accessibil-
ity and cost-effectiveness make porcine tongue simula-
tors a pragmatic choice for surgical education programs
operating within budget constraints. Importantly, they
offer a solution to ethical concerns surrounding the use
of human cadavers in training, thus gaining wider accep-
tance in medical institutions.

While animal-derived simulators for palatoplasty surgi-
cal simulation are limited [10, 13, 14], synthetic simula-
tors in the form of various types of 3D-printed models
are available for teaching and learning palatoplasty [3,
7, 15, 16]. They can faithfully replicate the face and oral
cavity and their customizability is allowing educators to
design and create specific surgical scenarios tailored to
the needs of trainees. Importantly, the use of 3D-printed
simulators enhances safety in medical training.
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Recently, authors described a porcine tongue for sur-
gical simulation of double-opposing z-plasty [13]. In
addition, authors developed a 3D-printed model for the
surgical simulation of palatoplasty. An ideal simulation
model should be able to be easily manufactured, reason-
ably priced, and accurately represent the anatomy. Cur-
rently available cleft surgery simulators are either too
simple or too costly to be of use for surgical training [9].
Thus, this study aimed to evaluate the efficiency of the
porcine tongue for palatoplasty simulation compared to
3D-printed simulators and their surgical education role.

Materials and methods

Trainees

This study was ethically approved from the institutional
ethics committee at the Advanced Science Research Cen-
ter, Department of Animal Resources, Sichuan University
(No. WCHSIRB-D-2022-409).

Based on Helsinki guidelines, a total of 18 senior cleft
surgeons participated in a palatoplasty simulation-based
workshop conducted on the porcine tongue simulator
and the 3D-printed simulator. The primary objective of
this study is to compare the efficiency of two cleft pal-
ate simulators used in a palatoplasty simulation-based
workshop. To achieve this objective, authors deliberately
chose to involve senior cleft surgeons with substantial
experience in performing palatoplasty procedures. Senior
cleft surgeons have a deep understanding of the clinical
implications of surgical techniques and can better evalu-
ate whether the simulators would be useful in educating
and training future generations of cleft surgeons.

The simulation workshop consisted of a didactic ses-
sion given by an expert surgeon on cleft palate anatomy
and surgical repair techniques repair (Bing Shi), followed
by a hands-on simulation session, and has been written
informed consents were obtained from all trainees and
instructors. Each participant independently used both
simulators to perform Furlow double-opposing Z-plasty,
which results in acceptable velopharyngeal function,
making it one of the most frequently utilized primary
palatoplasty techniques [17]. The key surgical steps that
may be conducted using simulators are as follows: (A)
outlining the incisional design, (B) separation of the sim-
ulated oral and nasal layers, (C) elevation of oral Z-flaps
and design of the nasal Z-flaps incision, (C) suturing of
the nasal layer, including Z-flaps, and (D) closure of the
oral layer, including Z-flaps.

All experimental methods were carried out at the
Advanced Science Research Center, Department of Ani-
mal Resources, with approval from Animal Research
Committee, Sichuan University in accordance with the
ARRIVE guidelines.
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Fig. 1 The surgical procedure of double-opposing Z-plasty on porcine tongue; (A)The porcine tongue fixated on the holder with being cut in the middle
part. (B) To simulate the Z-plasty flaps, Preparation of two myomucosal flaps and two mucosal flaps. (C) Suturing of Nasal Z-plasty flap. (D) Suturing of

Oral Z-plasty flap

Fig. 2 3D printed cleft palate simulator; (A) Parts of 3D printed cleft palate simulator. (B) 3D printed cleft palate simulator with the mold simulating the

infant’s head

Cleft palate simulators

Of a total of 36 simulators, 18 were dead porcine tongue
simulators bought from a supermarket, while the other
18 were 3D-printed simulators for Furlow palatoplasty.
Porcine tongue simulators provide a highly realistic tis-
sue simulation due to their similarity to human tissue in
terms of texture, elasticity, and consistency. This makes
them an excellent choice for practicing palatoplasty pro-
cedures, which involve delicate manipulation of soft tis-
sues [10].

A porcine tongue was formed the first group of this
study and prepared to simulate the cleft palate using
the following steps [18]: a 5 cm long piece was taken
from the tip of a porcine tongue and then fixed in 4%

formaldehyde (PFA). Coronal and sagittal sections
were created and then dehydrated and embedded. Five-
micron-thick paraffin sections were cut and stained with
Masson staining. The free part of the tip of the tongue
was cut approximately 3—4 cm along the midline to simu-
late the soft palate fissure. (Fig. 1). The second group was
formed by synthetic simulators in the form of 3D-printed
simulators, a standard infant head mold with a replace-
able 3D-printed cleft palate model (Fig. 2). 3D-Printed
Simulators mimic the face and oral cavity, which is cru-
cial for surgical training. Surgeons can gain a better
understanding of the spatial relationships and structures
they will encounter during palatoplasty [19].
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Table 1 Evaluation criteria for the Furlow palatoplasty simulation
with the results of the participants responses regarding the
comparison of the two simulators

Evaluation criteria Porcine 3D-Printed P-
tongue Simulator  Value
Simulator
Mean+SD Mean*SD
Organizational flexibility and 861+1.17  735+146 0.04
ductility
Anatomical design simulation 833+122 792+150 0.76
Incision simulation 822+148  7.50+151 0.65
Suturing simulation 894+0.80 6.92+151 <0.01
Convenience of operation 8.28£091 817+1.80 1.00

SD: Standard deviation

Table 2 The results of the questionnaire surveys of surgeons
participated in the simulation-based workshop regarding the
comparison of the two simulators

Evaluation Form Item Strongly Agree
Agree (n18),
(n 18), (100%) (100%)

The simulation workshop was a valuable (18), (100%)

learning experience

The cleft palate repair simulation based- (18), (100%)

learning workshop was a useful exercise

The cleft palate simulator should be inte- (18), (100%)

grated into senior residency or fellowship

training

I'would use the cleft palate simulator again (15), (83.3%) 3),

for practice (16.6%)

| would recommend this simulation work- (18), (100%)

shop to my colleagues

What is your favorite simulator?

Porcine tongue simulator 8 (44%)

3D-Printed simulator 8 (44%)

Both simulators 2(11%)

n: number, 3D: 3-dimensional

Assessment of cleft palate repair simulation

The simulated Furlow palatoplasty was assessed and
scored by senior cleft surgeons using a scoring system,
including organizational flexibility and ductility, anatomi-
cal design simulation, proper incision, proper suturing,
and convenience of operation.

The scoring system ranged from 0 to 10 points, evalu-
ated according to predefined objective criteria, as shown
in (Table 1). A value close to 10 means that the simulator
is close to the actual palatoplasty. In addition, at the end
of the simulation, each senior cleft surgeon completed a
workshop evaluation questionnaire including which one
of the palatoplasty simulators was preferred and why
(Table 2).

Data analysis

SPSS v. 25 statistical software [20, 21] was used to con-
duct the statistical analysis of the results of the current
study. A paired ¢ test was used for data statistics, and a
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P value<0.05 was regarded as a statistically significant
difference.

Results

A total of 18 senior cleft surgeons completed the simu-
lation-based workshop with completed evaluated ques-
tionnaires. All senior cleft surgeons strongly agreed that
the simulation-based workshop was a valuable learning
experience and that both simulators were useful and easy
to practice (P=1.00) (Table 2). The objective evaluation
results of this comparative study (Table 1) showed that a
porcine tongue palatoplasty simulator had an effectively
significant difference in terms of organizational flexibil-
ity and ductility (P=0.04), and suturing (P<0.01). There
were no significant differences between the simulators
in terms of anatomical design simulation (P=0.76) and
incision simulation (P=0.65). Out of the 18 participating
surgeons, eight (44.4%) preferred the porcine tongue sim-
ulator because of its lower price and better operability,
while another eight surgeons preferred the 3D-printed
simulator because of its good face and oral cavity simu-
lation and operability, and the two remaining surgeons
(11.1%) preferred both simulators. Overall, 17 surgeons
(94.4%) reported that if the 3D-printed simulator is well
improved to simulate the palatal muscles and tissues, it
will be chosen and preferred compared to the porcine
tongue simulator.

Discussion

While cleft palate is one of the most common congeni-
tal defects, surgical correction continues to remain chal-
lenging and may result in serious complications when
performed by inexperienced surgeons [18, 19]. By repeti-
tion and anatomical replication in a controlled environ-
ment, simulation allows residents to enhance both their
cognitive and physical skills. It also alleviates many of
the restrictions that exist in the operating room, such as
time, the teaching strategy of the attending surgeon, and
trainee learning style [22-24].

The current study showed that palatoplasty conducted
on a porcine tongue simulator was superior to that con-
ducted on a 3D model simulator in terms of organiza-
tional flexibility and ductility and tactility of soft tissue
during suturing (P=0.04 and P <0.01, respectively). Simi-
larly, a histological study of a porcine tongue revealed
that the muscular component occupies approximately
80% of the total of the tongue’s total tissue [18]. There-
fore, since muscle reconstruction remains an incremental
process in cleft palate repair, the large muscular compo-
nent of the porcine tongue would favor such simulators
over 3D printed simulators. The tip of the porcine tongue
seemed to be the appropriate size for learners to prac-
tice the surgical procedure and actually understand the
fundamental surgical principle. Unlike the 3D-printed
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simulator, surgical procedures on animal-derived simu-
lators, such as incision, tissue dissection, suturing and
tissue handling, in a controlled and repeatable environ-
ment, may be more similar to those performed on human
tissues, this makes them an excellent choice for prac-
ticing palatoplasty procedures, which involve delicate
manipulation of soft tissues [18]. Also, Porcine tongue
simulators are relatively accessible and cost-effective
compared to simulators, making them a practical choice
for surgical education programs with budget constraints.
On the other hand, the previous study had no evalua-
tion of surgical skills following the module, where the
readiness of the lecture for technical help facilitated the
participants’ good performance. The size of the porcine
tongue and surrounding structures need specific modi-
fications, which may influence practice. In addition, the
porcine tongue can be fixed with support brackets that
are not yet commercially available [18].

In the present study, there were no significant differ-
ences between the simulators in terms of anatomical
design simulation and incision simulation. Hence, the
potential of porcine tongue and 3D-printed models in
simulating the surgical procedure of double-opposing
Z-plasty of palatoplasty are similar. Huang et al. [18]
reported that the porcine tongue-based cleft palate
simulator can help residents to practice double-oppos-
ing Z-plasty of palatoplasty. Cote et al. [19] developed a
3D-printed haptic simulator for von-Langenbeck palato-
plasty simulation and reported that the 3D-printed cleft
palate simulator performed well in terms of anatomical
correctness, tissue similarity, and the ability to carry out
all the steps of von-Langenbeck palatoplasty. There has
been an increase in the use of 3D-printed simulators in
surgical training because of their enhanced anatomical
visualization [25]. The 3D-printed cleft palate simulator
introduced by Simulate Medical Corporation can provide
a high-fidelity replica of the anatomy of the cleft palate
and make surgical training for palatoplasty more realis-
tic [26]. Ahmed et al. [16] concluded that 3D-printed
simulators are an excellent teaching tool with the added
advantage that medical institutions may utilize them to
develop accurate anatomical simulation collections that
include specific case variations.

The results of our questionnaire demonstrated that
94.4% of participants favored the 3D-printed simulator
if it was well improved to simulate the palatal muscles
and tissues. Concurrently, a study evaluating the use of
3D-printed models of cleft lip and palate as an educa-
tional tool reported that most students believed that
having a 3D-printed model on hand would aid them in
self-study [16].

Overall, both porcine tongue and 3D-printed simu-
lators have advantages and disadvantages for simulat-
ing palatoplasty. Unlike the porcine tongue simulator,
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the 3D-printed simulator mimics the face and oral cav-
ity, which is crucial for surgical training. Surgeons can
gain a better understanding of the spatial relationships
and structures they’ll encounter during palatoplasty [25,
27-29]. 3D-printed simulators provide a customizable
simulation of the patient’s anatomy and defect geometry,
allowing educators to design and create specific surgical
scenarios tailored to the needs of trainees; in particular,
understanding the defect extension and anatomical varia-
tion may be more suitable for preoperative planning and
optimization of surgical procedures [30, 31]. Further-
more, a self-studying aid that has a major role in motiva-
tion with anatomic visualization, a crucial element in the
learning process. Moreover, trainees can repeat proce-
dures on 3D-printed simulators as many times as needed
to build muscle memory and confidence [16]. This
repeatability helps refine surgical techniques and reduce
the learning curve. Additionally, a 3D-printed simula-
tor allows for an infinite number of types of clefts with
simulated faces and oral cavities, and several repair tech-
niques might be tried on the models in the future [19,
29]. These simulators eliminate the potential risks associ-
ated with practicing on live animals or cadavers, such as
cross-infection.

It’s important to acknowledge the study limitations to
interpret the results accurately and guide future studies.
First, the small sample size. Second, the study focused
on evaluating the simulators for Furlow double-opposing
Z-plasty. Different cleft palate repair techniques exist,
and the findings may not be applicable to other tech-
niques. Third, the evaluation of simulator performance
relied on subjective evaluations by senior cleft surgeons.
Therefore, a large sample size involving resident and
senior cleft surgeons’ study is still recommended to con-
firm the present findings.

Conclusion

Simulation-based training plays a critical role in expand-
ing the focus on competency-based training. Both por-
cine tongue simulator and 3D-printed simulator have
their unique strengths in surgical education for palato-
plasty. Thus, the combined use of both cleft palate sim-
ulators is efficient as an educational model to practice
Furlow double-opposing Z- palatoplasty with superiority
of porcine tongue simulator in terms of organizational
flexibility and ductility and suturing simulators. With the
3D-printed simulator, various palatoplasty techniques
can be repeatedly practiced with better-simulated face
and oral cavity.

Acknowledgements
Not applicable.



Elayah et al. BMC Surgery (2023) 23:302

Authors’ contributions

*SAE; Conception and design of stud, Acquisition of data: laboratory, clinical/
literature search, Analysis and interpretation of data collected, Drafting of
article and critical revision and Final approval and guarantor of manuscript.
M.Q.A; Drafting of article and critical revision and Final approval and guarantor
of manuscript. KA.S; Acquisition of data, Drafting of article and critical revision
and Final approval and guarantor of manuscript. Y.C; Conception and design
of study, Acquisition of data: laboratory or clinical/literature search, Analysis
and interpretation of data collected, and Final approval and guarantor of
manuscript. LJ; Acquisition of data: laboratory or clinical/literature search,
Drafting of article and Final approval and guarantor of manuscript. H.H;
Analysis and interpretation of data collected, and Final approval and guarantor
of manuscript. *Y.L; Conception and design of study, Acquisition of data:
laboratory or clinical/literature search, Drafting of article and critical revision
and Final approval and guarantor of manuscript. *B.S; Conception and design
of study, Acquisition of data: laboratory or clinical/literature search, Analysis
and interpretation of data collected, Drafting of article and critical revision and
Final approval and guarantor of manuscript.

Funding

Construction of a universal platform (Sichuan University) for practical teaching
of maxillofacial surgery based on medical engineering intersection to Yang Li
(SCU10176).

Data availability
The datasets used and/or analysed during the study are available from the
corresponding author on reasonable request.

Declarations

Competing interests

There is no conflict of interest for submission of this manuscript, which is
approved by all authors for publication. This manuscript is original research
that has not been published previously, and not under consideration for
publication elsewhere, in whole or in part. The manuscript does not contain
any material from third parties.

Ethics approval and consent to participate

Human Ethics Approval: This study was ethically approved from the
institutional ethics committee at the Advanced Science Research

Center, Department of Animal Resources, Sichuan University (No.
WCHSIRB-D-2022-409) and has been written informed consents were
obtained from all trainees and instructors who followed the Helsinki
guidelines. Animal Ethics Approval: All experimental methods were carried out
at the Advanced Science Research Center, Department of Animal Resources,
with approval from Animal Research Committee, Sichuan University in
accordance with the ARRIVE guidelines.

Consent for publication
Not applicable

Received: 9 May 2023 / Accepted: 19 September 2023
Published online: 04 October 2023

References

1. Agrawal N, Turner A, Grome L, Abu-Ghname A, Davis MJ, Reece EM,
Buchanan EP, Winocour S. Use of simulation in plastic surgery training. Plast
Reconstr Surg Global Open 2020, 8(7).

2. Plana NM, Diaz-Siso JR, Culnan DM, Cutting CB, Flores RL. The first year of
global cleft surgery education through digital simulation: a proof of concept.
The Cleft Palate-Craniofacial Journal. 2018;55(4):626-9.

3. ChengH, Podolsky DJ, Fisher DM, Wong KW, Lorenz HP, Khosla RK, Drake JM,
Forrest CR. Teaching palatoplasty using a high-fidelity cleft palate simulator.
Plast Reconstr Surg. 2018;141(1):91e-8.

4. Podolsky DJ, Fisher DM, Riff KWW, Szasz P, Looi T, Drake JM, Forrest CR.
Assessing technical performance and determining the learning curve in cleft
palate surgery using a high-fidelity cleft palate simulator. Plast Reconstr Surg.
2018;141(6):1485-500.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Page 6 of 7

Plana NM, Rifkin WJ, Kantar RS, David JA, Maliha SG, Farber SJ, Staffenberg DA,
Grayson BH, Diaz-Siso JR, Flores RL. A prospective, randomized, blinded trial
comparing digital simulation to textbook for cleft surgery education. Plast
Reconstr Surg. 2019;143(1):202-9.

CoteV, Schwartz M, Vargas JFA, Canfarotta M, Kavanagh KR, Hamdan U, Val-
dez TA. 3-Dimensional printed haptic simulation model to teach incomplete
cleft palate surgery in an international setting. Int J Pediatr Otorhinolaryngol.
2018;113:292-7.

lorio ML, Masden D, Blake CA, Baker SB. Presurgical planning and time
efficiency in orthognathic surgery: the use of computer-assisted surgical
simulation. Plast Reconstr Surg. 2011;128(3):179e-81.

Nicholas R, Heinze Z, Papavasiliou T, Fiadeiro R, Atherton D, Timoney N, Echlin
K. Educational impact of a novel cleft palate surgical simulator: improvement
in surgical trainees’knowledge and confidence. J Plast Reconstr Aesthetic
Surg. 2022;75(10):3817-25.

Thomson JE, Poudrier G, Stranix JT, Motosko CC, Hazen A. Current status of
simulation training in plastic surgery residency programs: a review. Archives
of Plastic Surgery. 2018;45(05):395-402.

Huang H, Zeng N, Yang C, Wang Y, Zheng Q, Shi B, Cheng X. The pilot study of
a blended learning module using porcine tongue for surgical simulation of
double-opposing Z-plasty. J Dent Educ 2022.

Salinas NL, Barrera JE. Coblation lesion formation in a porcine tongue model.
Otolaryngol Head Neck Surg. 2010;143(3):448-53.

Wright E, Smith C, Suen MW, Mehra N. Porcine Tongue Hysteroscopy: a Novel
Simulation Model for Operative Hysteroscopy Teaching. J Minim Invasive
Gynecol. 2019,26(7):54.

LiuH, Pu L, Tsauo C, Wang X, Zheng Q, Shi B, Li C. A new congenital cleft pal-
ate New Zealand rabbit model for surgical research. Sci Rep. 2021;11(1):1-12.
Zhou X, Du C, Ma L. Construction of a Pig Alveolar Cleft Model in Imitation
of Cleft lip and palate congenital deformity. Tissue Eng Part C: Methods.
2022;28(3):127-35.

Chou P-Y, Hallac RR, Shih E, Trieu J, Penumatcha A, Das P, Meyer CA,

Seaward JR, Kane AA. 3D-printed models of cleft lip and palate for surgi-

cal training and patient education. The Cleft Palate-Craniofacial Journal.
2018;55(3):323-7.

AlAli AB, Griffin MF, Calonge WM, Butler PE. Evaluating the use of cleft lip and
palate 3D-printed models as a teaching aid. J Surg Educ. 2018;75(1):200-8.
Furlow LT Jr. Cleft palate repair by double opposing Z-plasty. Plast Reconstr
Surg. 1986;78(6):724-38.

Huang H, Zeng N, Yang C, Wang Y, Zheng Q, Shi B, Cheng X. The pilot study of
a blended learning module using porcine tongue for surgical simulation of
double-opposing Z-plasty. J Dent Educ 2022.

Wang X, Yang C, Shi B, Li CH. An update on cleft palate simulators for
training on cleft palate treatment in developing countries. Plast Reconstr
Surg. 2021;147(4):709e-710e. PMID: 33764923, https://doi.org/10.1097/
PRS.0000000000007743

Sakran KA, Wu M, Yin H,Wang Y, Li C, Alkebsi K, Telha WA, Zheng Q, Huang H,
Shi B. Evaluation of postoperative outcomes in two cleft palate repair tech-
nigues without relaxing incisions. Plast Reconstr Surg. 2023;152(1):145-54.
Elayah SA, Sakran KA, Alkebsi K, Younis H, Yang M, Liang X, Alkhutari AS, Li Y,
Shi B. Primary unilateral incomplete cleft lip repair by a modified rotational
advancement technique. J Stomatol Oral Maxillofac Surg 2022.

Diaz-Siso JR, Plana NM, Stranix JT, Cutting CB, McCarthy JG, Flores RL.
Computer Simulation and Digital Resources for plastic surgery Psychomotor
Education. Plast Reconstr Surg. 2016;138(4):730e-8.

Kneebone RL, Scott W, Darzi A, Horrocks M. Simulation and clinical practice:
strengthening the relationship. Med Educ. 2004;38(10):1095-102.

Kapadia MR, DaRosa DA, MacRae HM, Dunnington GL. Current assess-

ment and future directions of surgical skills laboratories. J Surg Educ.
2007,64(5):260-5.

Lioufas PA, Quayle MR, Leong JC, McMenamin PG. 3D printed models of
Cleft Palate Pathology for Surgical Education. Plast Reconstr Surg Glob Open.
2016;4(9):21029.

Podolsky DJ, Fisher DM, Wong KW, Looi T, Drake JM, Forrest CR. Evaluation
and implementation of a High-Fidelity Cleft Palate Simulator. Plast Reconstr
Surg. 2017;139(1):85e-96e.

McMenamin PG, Quayle MR, McHenry CR, Adams JW. The production of
anatomical teaching resources using three-dimensional (3D) printing tech-
nology. Anat Sci Educ. 2014;7(6):479-86.

Lim KH, Loo ZY, Goldie SJ, Adams JW, McMenamin PG. Use of 3D printed
models in medical education: a randomized control trial comparing 3D prints


https://doi.org/10.1097/PRS.0000000000007743
https://doi.org/10.1097/PRS.0000000000007743

Elayah et al. BMC Surgery (2023) 23:302

29.

30.

versus cadaveric materials for learning external cardiac anatomy. Anat Sci
Educ. 2016,9(3):213-21.

VanKoevering KK, Morrison RJ, Prabhu SP, Torres MF, Mychaliska GB, Treadwell
MC, Hollister SJ, Green GE. Antenatal Three-Dimensional Printing of aberrant
facial anatomy. Pediatrics. 2015;136(5):e1382-1385.

Cho MJ, Kane AA, Hallac RR, Gangopadhyay N, Seaward JR. Liquid latex mold-
ing: a novel application of 3D Printing to facilitate Flap Design. Cleft Palate
Craniofac J. 2017;54(4):453-6.

Page 7 of 7

31. Bauermeister AJ, Zuriarrain A, Newman MI. Three-Dimensional Printing
in Plastic and reconstructive surgery: a systematic review. Ann Plast Surg.
2016;77(5):569-76.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Two cleft palate simulators of Furlow double-opposing Z- palatoplasty: a comparative study
	﻿Abstract
	﻿Introduction
	﻿Materials and methods
	﻿Trainees
	﻿Cleft palate simulators
	﻿Assessment of cleft palate repair simulation
	﻿Data analysis

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


