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Introduction: Three-dimensional (3D) models contributed to many improvements in surgical planning, presenting
irrefutable advantages in many fields and may play a relevant role in chest wall surgeries. This study aims to evaluate their

usefulness for chest wall reconstruction surgeries.

Materials and Methods: All thoracic surgeons and residents practicing in the Iberian Peninsula and Latin America were

asked to complete an online survey questionnaire, distributed through their respective national scientific societies. Results were
analyzed using descriptive statistics and Mann—-Whitney U test to access differences among surgeons with experience with 3D
models and those without experience.

Results: A total of 145 answers were gathered from 15 countries. Most respondents had never performed thoracic wall
reconstruction surgeries using rigid prosthesis with 3D patient-specific modeling. Most consensus was obtained regarding the
positive contribution of a 3D model for preoperative communication with the patient, improvement in preoperative planning,
and its positive role in training of less experienced surgeons. A tendency for neutral opinion was observed regarding its impact in
avoidance of perioperative complications. Regarding 3D printing of a physical model, 74.8% agreed or strongly agreed that it is
advantageous in comparison with a digital model, and 72.8% agreed or strongly agreed that it is advantageous for all candidates
considered for chest wall reconstruction with rigid prothesis. Surgeons without experience with 3D models value significantly
more than those with experience their contribution for a more precise preoperative planning (p=0.036), planning of surgery
duration (p=0.008), and consider 3D printed models to be advantageous for all candidates to chest wall reconstruction surgery

(p=0.028).

Conclusion: 3D patient-specific models are not accessible to most surgeons but the overall opinion on their usefulness
is very positive. Printed models seem to be advantageous over digital ones, and beneficial for all patients undergoing chest wall

reconstruction surgery.
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INTRODUCTION

In the last decade, 3D models have been employed
in a variety of applications such as decision-making, surgical
planning, trainee education, and communication. These
models can convey intricate and nuanced information about
the 3D spatial relationship between structures that may not
be well appreciated in conventional 2-dimensional imaging
modalities. Improvements in the field of 3D printing have made
it possible to obtain from pre-procedural imaging scans of
patients a physical replica of the individuals’ unique anatomy.
The 2D volumetric data provided by Computed Tomography
(CT), Magnetic Resonance Imaging (MRI) or echocardiography
can be converted into patient-specific 3D models." Its
usefulness has increased due to technology simplification,
which allowed for cost reduction.® Unfortunately, 3D printing

still requires specific knowledge and has a high cost,® yet
presents several advantages, such as the reduction of blood
loss, ionizing radiation,“ surgery duration®® and improvement
of surgical outcomes.® In fact, 3D printed models have been
used extensively in several fields, but their manufacture must
be justified by the complexity of the case, such as complex
vertebral deformities,® craniofacial deformities,” or in the field
of cardiology." In cardiology, 3D printed models have been used
in medical education and surgical or interventional training of
junior doctors.®®19 Patient-specific 3D printed models have
also been used to aid in the doctor—patient communication
and improve the process of informed consent."" Moreover,
3D modeling can also help in personalized and customized
surgical reconstruction of complex defects in the craniofacial
region with precision by manipulating tissues based on the
preoperative assessment, planning the shape of metal and
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Section 1
(Multiple choice questions)

©  Gender
o Country
Experience as a thoracic surgeon
Experience with rigid prosthesis patient specific 3D modeling for chest wall reconstruction surgery

If the respondent had experience with rigid prosthesis patient specific 3D modeling for chest wall reconstruction surgery, he/she would
be redirected to section 2, if not, he/she would be redirected to section 3.

Section 2
(Likert scales for assessment of the level of agreement with the following statements. 1 - strongly disagree; 10 — strongly agree).

©  The 3D model (printed, digital, or a combination of both) contributed to a more accurate preoperative planning compared to
relying solely on imaging cxams.

o The 3D model (printed, digital, or a combination of both) contributed to a better communication/explanation of the surgical
procedure (o the patient

« The 3D model (printed, digital, or a combination of both) contributed to a more accurate planning of the surgery duration.
The custom-made rigid prosthesis matched exactly (or with minimal adjustments) the defect reproduced in the 3D model
(printed, digital, or a combination of both).

«  The intraoperative findings were exactly as reproduced by the 3D model (printed, digital, or a combination of both).

«  The 3D model (printed, digital, or a combination of both) significantly reduced the surgery duration.

«  The 3D model (printed, digital, or a combination of both) significantly reduced intraoperative bleeding.
‘The 3D model (printed, digital, or a combination of both) helped prevent potential postoperative complications.

«  The 3D model (printed, digital, or a combination of both) contributed positively to the training of less experienced surgeons.
‘The material used in the 3D model printing was similar, in terms of rigidity, to the intraoperative findings.

«  The printing of 3D models is advantageous for all patients undergoing chest wall reconstruction with the placement of a
custom-made rigid prosthesis.

*  Overall, printing a 3D model is more advantageous compared to a digital 3D model.

(Multiple choice question)
Number of chest wall reconstruction surgeries performed using a custom-made rigid prosthesis

Section 3
(Likert scales for assessment of the level of agreement with the following statements. | — strongly disagree; 10 — strongly agree).

©  Tbelieve that a 3D model (printed, digital, or a combination of both) should contribute to more accurate preoperative planning
compared to relying solely on imaging exams.

«  Ibelieve that the 3D model (printed, digital, or a combination of both) should contribute to better communication/explanation
of the surgical procedure to the paticnt

« Tbelieve that a 3D model (printed, digital, or a combination of both) should contribute to more accurate planning of the surgery

duration.

Tbelieve that the custom-made rigid prosthesis will exactly mateh (or with minimal adjustments) the defect reproduced in the

3D model (printed, digital, or a combination of both

I'believe that the intraoperative findings will be exactly as reproduced by the 3D model (printed, digital. or a combination of

both),

Tbelieve that the 3D model (printed, digital, or a combination of both) will significantly reduce the surgery duration.

Ibelieve that the 3D model (printed, digital, or a combination of both) will significantly reduce intraoperative blecding.

Thelieve that the 3D model (printed, digital, or a combination of both) may help prevent potential postoperative complications

I'believe that the 3D model (printed, digital, or a combination of both) positively contributes to the training of less experienced

surgeons.

I believe that the material used in the 3D model printing is similar, in terms of rigidity, to the intraoperative findings.

Ibelieve that the printing of 3D model; for all patients unds ‘hest wall pl

of a custom- made rigid prosthesis.

Overall, T think that printing a 3D model is more advantageous compared to a digital 3D model

Questionnaire used in the survey, translated

Figure 1 in English.

aStrongly Disagree  @Disagree Neutral  wAgree  ®Strongly Agree
Usefulness of 3D printed models vs. digital 3D models 8% a8
Usefulness of 3D printed models fo ll patients o am [ e ]
Similarity between intraoperative findings and materials of 3D printed model (rigidity) E %
Trining i 1% E ]
Prevention of postoperative complications ' %
Reduction of intraoperative hemorrhage . 2% 20%
Reduction ofsurgery duration | 2% o e ]
Similarity beoween inraoperative findings and 3D model | 0% - T
Matching between prosthesis and 3D model ] 3% on ]
Planing of surgery duration | 21% 2% ]
Communication with patient 6% 20 oo
Preoperative planning | % £ -]

Overall results of the assessment of the level of agreement

Figure 2 with a series of statements regarding the usefulness of 3D

models in chest wall reconstruction surgery.

wSuongly Dissgree mDisagree Neutral Agre  mStrongly Agree
NE - Usefulness of 3D printed models vs. digital 3D models 1 e ——
E - Usefulness of 3D prinied models v. digital 3D models EENNGT 5% o
NE - Useflness of 3D prined models for all patients ERR2 144 N
E - Usefulness of 3D prinied models for all patients N E ——
am ——
e a —e—
NE - Training B &% o G
E-Training & S £ ————
NE - Prevention of postoperative complications SN 2% e — e —
- Prevention of postoperative complications B Y s —e—
NE - Reduction of intrsoperative hemorhage TSI an a ——
E - Reduction of intraoperative hemorrhage BTSN - 2% ——
NE - Reduction of surgery duration o a7 ——
- Reduction of surgery duration B % ——
NE - Similariy between intraoperativ findings and 3D model B 2% o ——
E.- Similarity between intraoperative indings and 3D model 1% N ———
NE - Matching between prosthesis and 3D model |~ 13% . — —
E.- Matching befween prosthesis and 3D model B 12% e e — ——
NE - Planing of surgery duration 14 e ———
E.- Planing of surgery duration B2 N P ——
NE - Communication with patient 4% e —————
E - Communication with patient e

NE - Preoperative planning 2% P
E.- Preoperative planning % ™ ——

E — Experience; NE — No Experience.

Comparison of the level of agreement with each statement
regarding the usefulness of 3D models in chest wall
reconstruction surgery between the group of surgeons
with experience with 3D models and the group of surgeons
without experience.

alloplastic materials, and reduction in the total cost and time
of the surgery. Also, 3D technologies aid in positioning and
shaping newly incorporated tissues with precision resulting in
better functional and aesthetic outcomes.”)

Similarly, 3D models of the chest wall, either 3D
printed or digital, may play a relevant role in thoracic surgery,
specifically in chest wall reconstruction. It is well established
that anterior chest wall defects may result in severe respiratory
and circulatory compromise. Defects involving more than 4 or
5 ribs, more than 5 cm in transverse dimension, more than 2
adjacent ribs, or more than 200 cm? can cause a flail chest. To
avoid respiratory dysfunction, rigid reconstruction is necessary
after anterior chest wall resection.'?(3 Reconstruction of
the chest wall can be challenging due to the anatomical
complexity of the chest wall as well as the various tissue-
specific requirements. These models may help engineers and
clinicians to develop specific solutions for subjects with chest
wall defects.

The aim of this study is to assess the practicality and
usefulness of 3D models in clinical practice for chest wall
reconstruction surgery.

MATERIALS AND METHODS

This descriptive survey study was distributed to all
thoracic surgeons and residents, practicing in the Iberian
Peninsula and Latin America, in either public or private sector.
After explaining the study design, they were asked to complete
an online questionnaire. The distribution of the questionnaire
was made through their respective national thoracic societies
and responses were collected between July and September
2024. The identity of the respondents was kept anonymous.
The questionnaire was created with Microsoft Forms, using
an institutional account after consultation with the Data
Protection Officer of our institution to ensure compliance
with security protocols in place and to guarantee that, since
no patient data was involved, there was no need for approval
from the Ethics Board.

Questionnaire

The questionnaire contained 4 items regarding
identification and experience and 12 items that enquired
about the opinion of surgeons with experience working with
3D models of the chest wall and the opinion of those without
experience with this technology (Figure 1). Multiple choice
questions and Likert scales were used. The level of agreement
on a series of statements was assessed on a scale of 0 to 10
and answers were grouped in five categories: 0, 1 - strongly
disagree; 2, 3 —disagree; 4, 5, 6 — neutral; 7, 8 — agree; 9, 10
- strongly agree. The questionnaire was written in Portuguese
and Spanish to facilitate participant engagement.

Results were analyzed using descriptive statistics and
Mann-Whitney U test to access the differences between the
two groups. Values of p=0,05 were considered significant.
The data gathered was analyzed statistically with IBM SPSS
Statistics™ version 30.
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Table 1 Demographic and surgeons experience results of the survey

Sex

Male 111 76,60%
Female 34 23,40%
Country

Argentina 24 16,60%
Bolivia 1 0,70%
Brazil 50 34,50%
Chile 3 2,10%
Colombia 4 2,80%
Costa Rica 1 0,70%
Ecuador 5 3,40%
Spain 23 15,90%
Guatemala 1 0,70%
Mexico 4 2,80%
Peru 6 4,10%
Portugal 17 11,70%
Dominican Republic 1 0,70%
Uruguay 1 0,70%
Venezuela 2 1,40%
Undefined 2 1,40%

Lavel of differentiation

Resident 19 13,10%
Specialist < 5 years 21 14,50%
Specialist > 5 years 25 17,20%
Specialist > 10 years 34 23,40%
Specialist > 20 years 46 31,70%

Experience with rigid prosthesis with patient specific 3D modeling
No experience 94 64,80%
With experience 51 35,20%

Number of surgeries performed with rigid prosthesis with patient specific 3D modeling

< 5 surgeries 35 68,60%
5 - 10 surgeries 9 17,60%
10 - 20 surgeries 5 9,80%
> 20 surgeries 2 3,90%
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Table 2
without experience

Statement

The 3D model (printed, digital, or a combination of both) contributed to a more accurate preoperative

Mann-Whitney U test performed to compare the level of agreement with each statement
between the group of surgeons with experience with 3D models and the group of surgeons

Z test statistic p-value

. 4 . . -2,101 0,036
planning compared to relying solely on imaging exams
The 3D model (printed, digital, or a combination of both) contributed to a better communication/
. . . -0,424 0,671
explanation of the surgical procedure to the patient
The 3D model (printed, digital, or a combination of both) contributed to a more accurate planning of
: -2,657 0,008
the surgery duration
The custom-made rigid prosthesis matched exactly (or with minimal adjustments) the defect 0877 038
reproduced in the 3D model (printed, digital, or a combination of both) ! !
The intraoperative findings were exactly as reproduced by the 3D model (printed, digital, or a
S -2,071 0,038
combination of both)
The 3D model (printed, digital, or a combination of both) significantly reduced the surgery duration -1,23 0,219
The 3D model (printed, digital, or a combination of both) significantly reduced intraoperative bleeding -0,879 0,379
The 3D model (printed, digital, or a combination of both) helped prevent potential postoperative
- -0,096 0,923
complications
The 3D model (printed, digital, or a combination of both) contributed positively to the training of less 1717 0036
experienced surgeons ! !
The material used in the 3D model printing was similar, in terms of rigidity, to the intraoperative
o -0,441 0,659
findings
The printing of 3D models is advantageous for all patients undergoing chest wall reconstruction with
< i -2,197 0,028
the placement of a custom-made rigid prosthesis
Qverall, printing a 3D model is more advantageous compared to a digital 3D model -0,563 0,573

RESULTS

A total of 145 answers were gathered from 15 different
countries. Most respondents were male (76,6%). Among the
total number of respondents, the most participating countries
were Brazil (34,5%), Argentina (16,6%) and Spain (15,9%).
Regarding seniority, specialists with more than 20 years of
experience participated the most, representing 31,7% of all
respondents, while residents were the least participating group
(13,1%). Most respondents had never performed thoracic wall
reconstruction surgeries using a rigid prosthesis with 3D patient-
specific planning (64,8% vs. 35,2%), and most of those with
previous experience with these models, had only performed less
than 5 surgeries (68,6%) (table 1).

Most consensus was obtained regarding the positive
contribution of a 3D model for preoperative communication with
the patient (69% strongly agreed), improvement in preoperative
planning (64, 1% strongly agreed), and its positive role in training
of less experienced surgeons (59% strongly agreed). A trend for
neutral opinion was observed regarding its impact in avoidance
of perioperative complications. Regarding 3D printing of a
physical model, 74,8% agreed or strongly agreed that it would
be advantageous in comparison with a digital model, and 72,8%
agreed or strongly agreed that it would be advantageous for all
candidates considered for chest wall reconstruction with rigid
prothesis (figure 2).

Regarding model contribution for a more precise
preoperative planning and planning of surgery duration, there
was a statistically significant difference, with surgeons without
experience attributing greatervaluetoit (z=-2,101, p=0,036; z=-
2,657, p=0,008, respectively). Both surgeons with and without
experience with this technology, consider 3D printed models to

be advantageous for all candidates to chest wall reconstruction
surgery, however unexperienced surgeons value it significantly
more (z=-2,197; p=0,028). On the other hand, experienced
surgeons find higher similarities between intraoperative findings
and those reproduced by the 3D model than expected by the
other group (z=-2,071; p=0,038) (table 2, figure 3).

DISCUSSION

Our demographic data indicates that in the Iberian
Peninsula and Latin America there is little experience with thoracic
wall reconstruction surgeries using a rigid prosthesis with 3D
patient-specific modeling. However, the overall opinion on 3D
models’ usefulness is positive and most consensus was obtained
regarding their usefulness in communication with the patient,
preoperative planning and training of less experienced surgeons.

These findings indicate that there is acceptance of this
technology among thoracic surgeons and suggest that limited
access is more related to hindrances to access than acceptance
of technology. Barriers to access were not explored and few
answers were collected from several countries to correctly
evaluate geographic availability. However, according to literature,
we hypothesize that the primary barrier to access 3D printing
technology could be financial, which is related to the cost of
segmentation software, 3D printing machinery, disposable
equipment, maintenance, and hiring skilled personnel./“ Medical
3D printing is still an emerging field, therefore skilled personnel
is scarce. A 2016 systematic review of segmentation methods
used for 3D printing found that most published studies used
manual or semi-automatic segmentation methods over fully
automatic ones. The cost of segmentation may decrease with
development of fully automatic segmentation software, which
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together with lower printer costs due to technology development
may lead to greater access to 3D modeling and printing." A
complementary or alternative approach to producing physical 3D
models is to create digital models using the same source data,
which is more cost-effective but does not alleviate the need
for skilled personnel with expertise in segmentation. Digital 3D
models cannot be physically held and may give the user less
precise impressions of depth and proximity between structures.
19 The utility of digital and 3D printed models may vary among
users, and the collected data in this study indicate that over 70%
of thoracic surgeons agree that 3D printing a physical model
is advantageous in comparison with a digital model, and that
it is advantageous for all candidates considered for chest wall
reconstruction with rigid prothesis.

Regarding communication, in a review by Traynor
et al., the majority of the studies on the use of 3D models for
communication, reported positive feedback, irrespective of
the type of respondent or type of communication./” lllmann
et al. reported that of the 85% of clinicians who found benefit
from the models, 80% of them believed they would facilitate
communication with colleagues and 72% believed they would
be useful in communication with parents or families. The
effect of improved patient-doctor communication should not be
underestimated: a 3D printed model allows the visualization of
anatomy, haptic handling and reinforces the patient’s individuality,
which could lead to increased patient understanding and trust.
Therefore, increased patient compliance and satisfaction are to
be expected.™ However, a minority of studies reported findings
on communication that were not exclusively positive. One study
reported patients having to emotionally confront the model as
a barrier to its utility when faced with their brain tumors.t” In
another study clinicians ranked teaching as the most relevant
application for 3D models and communication as the least
relevant.’® In fact, 3D modeling technology has the potential
to be used for multiple medical educational initiatives. Our data
showed great consensus regarding chest wall 3D models utility
in training of less experienced surgeons, but their role may be
extended to medical education in universities, to education in the
context of Basic or Advanced Life Support courses, among others.

Interesting information arises from the comparison
of opinions among surgeons with experience with 3D models
and those without experience. Unexperienced surgeons value
significantly more the contribution of 3D models for preoperative
planning, planning of surgery duration, and their usefulness for
all patients undergoing chest wall reconstructive surgery, than
experienced surgeons. This should not be interpreted as if those
with experience with 3D models undervalue their usefulness,
because the level of agreement with these statements is still very
high. However, there is great expectation and interest in this
technology from the unexperienced group, which may lead to this
difference of opinion. On the other hand, experienced surgeons
find significantly higher similarities between intraoperative
findings and those reproduced by the 3D model, than
unexperienced surgeons. Interestingly, those who have worked
with these models recognize higher accuracy of the models than
expected by the unexperienced group. This observation suggests
that their accuracy exceeds expectations.

CONCLUSION

This data suggests that 3D models are not available to
most surgeons but may contribute to better outcomes, as there
is great agreement among participant surgeons that they allow
for better preoperative planning, improved communication
with patients and training of less experienced surgeons, among
others. 3D printed models are seen as more advantageous than
digital models and are considered beneficial for all patients
undergoing chest wall reconstruction surgery. To fulfill their
role in improving communication with patients, 3D printed
models should be available for all patients undergoing chest wall
reconstruction surgery during the preoperative consultation, with
potentially important implications for patient empowerment and
psychological adjustment.

Most, if not all, Thoracic Surgery centers would benefit
from access to this technology and, since it is essentially a planning
and training toll, the less experienced centers would probably
benefit the most.

Limitations

The limitations of this study include the lack of uniformity
regarding the quality of the 3D models used in different healthcare
institutions, the relatively small sample size and geographic
restriction to the selected countries. There is also the potential for
response bias, that is, recipients of the survey with a vested interest
in 3D modeling would be more likely to respond. However, we
received almost double the number of responses from participants
without access to the technology than from those with access.

Future perspectives

In the future, it would be interesting and very informative to
evaluate the reasons for lack of access to this technology from most
surgeons, as well as to correctly evaluate geographic availability.

The role of 3D models in patient-doctor communication
was accessed from the doctor's point of view. Inquiries to patients
would add relevant information and better enlighten this issue.
Another aspect that could be further developed is the contribution
of 3D models for better, more precise, communication among
specialists.

The potential use of chest wall 3D modeling in real world
applications, beyond procedural planning, could deepen and
accelerate the development of this technology, which would, in
turn, reduce costs and increase its availability.

Immersive 3D and augmented reality technologies are
emerging and their application in chest wall reconstruction
would be a step further in this field.
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Appendix 1

Secgdio 1
(Perguntas de escolha multipla)

* Género

* Pais

* Experiéncia como cirurgido torécico

* Experiéncia com cirurgia de reconstrugio da parede toracica com utilizagdo de proteses rigidas e modelagao 3D

Se o participante tiver experiéncia com cirurgia de reconstrugiio da parede tordcica com wtilizagio de proteses rigidas ¢ modelagio
3D, é redirecionado para a seccao 2, sendo, é redirecionado para a secgio 3.

Secgdio 2
(Escalas Likert para avaliagio do nivel de concordancia com as seguintes afimagdes. 1 — 10; 1 — forte discordancia; 10 — forte
concordancia).

* 0 modelo 3D (impresso, digital ou a combinagio de ambos) contribuiu para um planeamento pré-operatério mais preciso do
que se este fosse realizado exclusivamente com acesso aos exames de imagem.

* 0 modelo 3D (impresso, digital ou a combinagdo de ambos) contribuiu para uma melhor comunicagio / explicagdo ao doente
do procedimento cirtrgico.

* 0 modelo 3D (impresso, digital ou a combinagio de ambos) contribuiu para
necessério para o procedimento.

® A protese rigida com planeamento 4 medida do doente correspondia exatamente (ou com ajustes minimos) ao defeito
reproduzido no modelo 3D (impresso, digital ou a combinagdo de ambos).

* Os achados intraoperatérios foram exatamente os reproduzidos pelo modelo 3D (impresso, digital ou a combinagdo de ambos).

mais preciso do tempo operatério

* 0 modelo 3D (impresso, digital ou a 40 de ambos) permitiu reduzir signif o tempo operatério.

* 0 modelo 3D (impresso, digital ou a combinagdo de ambos) permitiu reduzir significati a hemorragia

* 0 modelo 3D (impresso, digital ou a combinagao de ambos) contribuiu positivamente para a formagi de cirurgides menos
experientes.

* O material utilizado na impressao do modelo 3D era semelhante, sob o ponto de vista de rigidez, aos achados intraoperatérios

* Aimpressio de modelos 3D ¢ vantajosa para todos os doentes candidatos a reconstrugio da parede tordcica com colocagio de
uma protese rigida com planeamento & medida do doente.

* De um modo geral, a impressdo de um modelo 3D ¢ vantajosa relativamente a um modelo 3D digital.

(Pergunta de escolha mltipla)
* Namero de cirurgias realizadas de reconstrugio da parede toricica com utilizagdo de protese rigida com planeamento & medida
do doente.

Secgdo 3
(Escalas Likert para avaliagio do nivel de concordancia com as seguintes afirmagdes. 1 — 10; 1 — forte discordancia; 10 — forte
concordincia).

® Acredito que um modelo 3D (impresso, digital ou a combinagdo de ambos) deva contribuir para um planeamento pré-
‘operatorio mais preciso do que se este for realizado exclusivamente com acesso aos exames de imagem.

Acredito que 0 modelo 3D (impresso, digital ou a combinagio de ambos) deva contribuir para uma melhor comunicagdo /
explicaglo ao doente do procedimento cirirgico.

Acredito que um modelo 3D (impresso, digital ou a combinagdo de ambos) deva contribuir para plancamento mais preciso do
tempo of o necessirio para o

Acredito que a protese rigida com plancamento 4 medida do doente corresponda exatamente (ou com ajustes minimos) ao
defeito reproduzido no modelo 3D (impresso, digital ou a combinagdo de ambos).

Acredito que os achados intraoperatorios sejam exatamente os reproduzidos pelo modelo 3D (impresso, digital ou a
combinagdo de ambos).

Acredito que o modelo 3D (impresso, digital ou a combinagio de ambos) permita reduzir significativamente o tempo

operatorio.

* Acredito que o modelo 3D (impresso, digital ou a 40 de ambos) permita reduzir significati 2 hemorragia
intraoperatéria.

* Acredito que o modelo 3D (impresso, digital ou a combinagdo de ambos) possa permitir prevenir eventuais complicagdes pés-
‘Ooperatérias.

* Acredito que o modelo 3D (impresso, digital ou a combinagdo de ambos) contribua positivamente para a formagio de

cirurgides menos experientes.
Acredito que material utilizado na impressio do modelo 3D seja semelhante, sob o ponto de vista de rigidez, aos achados
intraoperatérios.
* Acredito que a impressdo de modelos 3D seja vantajosa para todos os doentes candidatos a reconstrugdo da parede torécica
com colocagio de uma protese rigida com plancamento 4 medida do doente.
* De um modo geral, penso que a impresséo de um modelo 3D & vantajosa relativamente a um modelo 3D digital

Appendix 2

Seccidn 1
(Preguntas de opcién multiple)

* Género

* Pais

* Experiencia como cirujano toricico

* Experiencia con cirugia de reconstruccién de la pared toracica con utilizacion de prétesis rigidas y modelado 3D

Si el participante tiene experiencia con cirugia de reconstruccion de la pared tordcica tilizando prétesis rigidas y modelado 3D, serd
redirigido a la seccion 2; de lo contrario, serd redirigido a la seccién 3.

Seccién 2
(Escalas Likert para evaluar el nivel de acuerdo con las siguientes afirmaciones. 1 — 10; 1 - fuerte desacuerdo; 10  fuerte acuerdo).

* El modelo 3D (impreso, digital o la combinacién de ambos) contribuy a una planificacion preoperatoria més precisa que si s
hubiera realizado exclusivamente con acceso a exdmenes de imagen.

* El modelo 3D (impreso, digital o la combinacién de ambos) contribuyd a una mejor comunicacién / explicacion al paciente
sobre el procedimiento quirirgico.

* El modelo 3D (impreso, digital 0 la combinaci6n de ambos) contribuy a una planificacion més precisa del tiempo operatorio
necesario para el procedimiento.

* La protesis rigida con izada para el p (o con ajustes minimos) al defecto
reproducido en el modelo 3D (impreso, digital o la combinacién de ambos).
® Los hallazgos ios fueron Tos por el modelo 3D (impreso, digital o la combinacién de

ambos).
* El modelo 3D (impreso, digital o la combinacion de ambos) permiti6 reducir significativamente el tiempo operatorio.
* El modelo 3D (impreso, digital o la combinacion de ambos) permiti6 reducir significati la hemorragia i

* El modelo 3D (impreso, digital o la combinacion de ambos) permiti6 prevenir posibles complicaciones postoperatorias.

* El modelo 3D (impreso, digital o la combinacién de ambos) contribuyé positivamente a la formacién de cirujanos menos
experimentados.

* El material utilizado en la impresién del modelo 3D era similar, en cuanto a rigidez, a los hallazgos intraoperatorios.

* La impresién de modelos 3D es ventajosa para todos los pacientes candidatos a la reconstruccion de la pared tordcica con la
colocacién de una protesis rigida con planificacién personalizada.

* En general, la impresién de un modelo 3D es mis ventajosa en comparacion con un modelo 3D digital.

(Pregunta de opcién miltiple)
* Niimero de cirugfas realizadas de reconstruccion de la pared tordcica con utilizacion e prétesis rigida con planificacién a
medida del paciente.

Seccién 3
(Escalas Likert para evaluar el nivel de acuerdo con las siguientes afirmaciones. 1 — 10; 1 - fuerte desacuerdo; 10 ~ fuerte acuerdo).

* Creo que un modelo 3D (impreso, digital o la combinacién de ambos) debe contribuir a una planificacion preoperatoria més
precisa que si se realiza exclusivamente con acceso a exdmenes de imagen.

* Creo que el modelo 3D (impreso, digital o la combinaci6n de ambos) debe contribuir a una mejor comunicacién / explicacion
al paciente sobre el procedimiento quirirgico.

* Creo que un modelo 3D (impreso, digital o la combinacion de ambos) debe contribuir a na planificacion mds precisa del
tiempo operatorio necesario para el procedimiento.

* Creo que la protesis rigida con planificaci izada para el paciente (0 con ajustes minimos)
al defecto reproducido en el modelo 3D (impreso, digital o la combinacién de ambos).

* Creo que los hallazgos i son los por el modelo 3D (impreso, digital o la combinacion
de ambos).

* Creo que el modelo 3D (impreso, digital o la combinaci6n de ambos) permite reducir significativamente el tiempo operatorio.

* Creo que el modelo 3D (impreso, digital o la combinacién de ambos) permite reducir significativamente la hemorragia
intraoperatoria.

® Creo que el modelo 3D (impreso, digital 0 la combinacion de ambos) podria permitir prevenir posibles complicaciones
postoperatorias.

® Creo que el modelo 3D (impreso, digital o la combinacién de ambos) contribuye positivamente 2 la formacién de cirujanos
menos experimentados.

® Creo que el material utilizado en la impresion del modelo 3D es similar, en cuanto a rigidez, a los hallazgos intraoperatorios.

® Creo que la impresion de modelos 3D es ventajosa para todos los pacientes candidatos a Ia reconstruccion de la pared tordcica
con la colocaci6n de una prétesis rigida con planificacion personalizada.

* En general, pienso que Ia impresi6n de un modelo 3D es mds ventajosa en comparacion con un modelo 3D digital.

30



PORTUGUESE JOURNAL OF CARDIAC THORACIC AND VASCULAR SURGERY

REFERENCES

Xenofontos P, Zamani R, Akrami M. The application of 3D
printing in preoperative planning for transcatheter aortic valve
replacement: a systematic review. Vol. 21, BioMedical Engi-
neering Online. BioMed Central Ltd; 2022.

lobst CA. New Technologies in Pediatric Deformity Correction.
Vol. 50, Orthopedic Clinics of North America. W.B. Saunders;
2019. p. 77-85.

Holt AM, Starosolski Z, Kan JH, Rosenfeld SB. Rapid Prototyp-
ing 3D Model in Treatment of Pediatric Hip Dysplasia: A Case
Report. lowa Orthop J . 2017,;37:157-62.

Cherkasskiy L, Caffrey JP, Szewczyk AF, Cory E, Bomar JD, Farn-
sworth CL, et al. Patient-specific 3D models aid planning for
triplane proximal femoral osteotomy in slipped capital femoral
epiphysis. J Child Orthop. 2017;11(2 Special Issue):147-53.
Wei YP, Lai YC, Chang WN. Anatomic three-dimensional mod-
el-assisted surgical planning for treatment of pediatric hip dis-
location due to osteomyelitis. Journal of International Medical
Research. 2019;48(2).

Facco G, Palmisani R, Pieralisi M, Forcellese A, Martiniani M,
Specchia N, et al. Case series of four complex spinal deformi-
ties: new frontiers in pre-operative planning. Acta Biomedica.
2022;93(5).

Gaikwad A, Malhotra R, Bikash Maiti S, Shetty AA, Rasheed
DS, Kashyap L, et al. Role of 3D Printing in Post-op Rehabilita-
tion of Palatal Bone Loss by Mucormycosis: A Survey. Cureus.
2022 Dec 14;

Yoo SJ, Spray T, Austin EH, Yun TJ, van Arsdell GS. Hands-on
surgical training of congenital heart surgery using 3-dimen-
sional print models. Journal of Thoracic and Cardiovascular
Surgery. 2017 Jun 1;153(6):1530-40.

Karsenty C, Guitarte A, Dulac Y, Briot J, Hascoet S, Vincent R,
et al. The usefulness of 3D printed heart models for medical
student education in congenital heart disease. BMC Med Educ.
2021 Dec 1;21(1).

Su W, Xiao Y, He S, Huang P, Deng X. Three-dimensional print-
ing models in congenital heart disease education for medical
students: A controlled comparative study. BMC Med Educ.

11.

2018 Aug 2;18(1).

Traynor G, Shearn Al, Milano EG, Ordonez MV, Velasco Forte
MN, Caputo M, et al. The use of 3D-printed models in pa-
tient communication: a scoping review. J 3D Print Med. 2022
Mar;6(1):13-23.

Tsuge |, Saito S, Sakamoto A, Matsuda S. Anterior chest wall
reconstruction after resection of a sternal tumor with a single
mandibular plate and Gore-Tex® sheet. Vol. 44, Asian Journal
of Surgery. Elsevier (Singapore) Pte Ltd; 2021. p. 563-5.

Simal |, Garcia-Casillas M, Cerda J, Riquelme O, Lorca-Garcia
C, Pérez-Egido L, et al. Three-Dimensional Custom-Made Ti-
tanium Ribs for Reconstruction of a Large Chest Wall Defect.
European J Pediatr Surg Rep. 2016 Dec;04(01):026-30.
lllmann CF, Hosking M, Harris KC. Utility and Access to 3-Di-
mensional Printing in the Context of Congenital Heart Disease:
An International Physician Survey Study. CJC Open. 2020 Jul
1,2(4):207-13.

Byrne N, Velasco Forte M, Tandon A, Valverde |, Hussain T. A
systematic review of image segmentation methodology, used
in the additive manufacture of patient-specific 3D printed
models of the cardiovascular system. JRSM Cardiovasc Dis.
2016 Jan 1;5:204800401664546.

Valverde I. Impresion tridimensional de modelos cardiacos:
aplicaciones en el campo de la educacion médica, la cirugia
cardiaca y el intervencionismo estructural. Vol. 70, Revis-
ta Espanola de Cardiologia. Ediciones Doyma, S.L.; 2017. p.
282-91.

van de Belt TH, Nijmeijer H, Grim D, Engelen ULPG, Vreek-
en R, van Gelder MMHJ, et al. Patient-Specific Actual-Size
Three-Dimensional Printed Models for Patient Education in
Glioma Treatment: First Experiences. World Neurosurg. 2018
Sep 1;117:€99-105.

Biglino, G., Capelli, C., Leaver, L.-K., Schievano, S., Taylor, A.
M., & Wray, J. (2016). Involving patients, families and medi-
cal sta) in the evaluation of 3D printing models of congenital
heart disease. Communication and Medicine, 12(2-3), 157—
169. https://doi.org/10.1558/cam.28455

31



