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Manufatura Digital de Proteses Auriculares: Uma Revisao de Escopo
Fabricacion Digital de Protesis Auriculares: Una Revision de Alcance

RESUMO

O artigo apresenta uma revisao de escopo das metodologias, tecnologias e resultados associados ao uso
da manufatura digital na producao de proteses auriculares, destacando seu impacto transformador na
reabilitacao auditiva, bem como os desafios atuais e as perspectivas para o desenvolvimento e a disse-
minagao dessa tecnologia. Para isso, foi conduzida uma revisao de escopo com 44 artigos. Os resultados
demonstraram a transicao para fluxos digitais de trabalho, com o método direto sendo empregado em
55% dos estudos. Essa abordagem tem permitido a criagao de proteses mais precisas, eficientes e de
baixo custo, resultando em maior satisfacao do paciente. A transicao para a produgao digital de proteses
auriculares @ um avango promissor que tem o potencial de superar os desafios da fabricagao convencio-
nal. A evolucao das tecnologias de escaneamento, impressao 3D, softwares de codigo aberto e o uso de
novos materiais tornarao os processos mais acessiveis e eficientes.

DESCRITORES: Protese Auricular; Manufatura Aditiva; Tecnologias Digitais; Reabilitacao.

ABSTRACT

This article presents a review of the scope of methodologies, technologies and results associated with the
use of digital manufacturing in the production of ear prostheses, highlighting its transformative impact on
auditory rehabilitation, as well as the current challenges and perspectives for the development and disse-
mination of this technology. For this, a scope review with 44 articles was conducted. The results demons-
trated the transition to digital workflows, with the direct method being employed in 55% of the studies.
This approach allowed the creation of more precise, efficient and low-cost prostheses, resulting in greater
patient satisfaction. The transition to digital ear prosthesis production is a promising breakthrough that
has the potential to overcome the challenges of conventional manufacturing. The evolution of scanning
and 3D printing, development of open source software and the use of new materials will make processes
more accessible and efficient.

DESCRIPTORS: Ear Prosthesis; Additive Manufacturing; Digital Technologies; Rehabilitation.

RESUMEN

Este articulo presenta una revision del alcance de las metodologias, tecnologias v resultados asociados al
uso de la fabricacion digital en la produccion de protesis auditivas, destacando su impacto transformador
en la rehabilitacion auditiva, asi como los desafios actuales y las perspectivas para el desarrollo vy la difu-
sion de esta tecnologia. Para esto, se llevo a cabo una revision de alcance con 44 articulos. Los resultados
demostraron |a transicion a flujos de trabajo digitales, con el método directo siendo empleado en el 55%
de los estudios. Este enfoque permitio la creacion de protesis mas precisas, eficientes y de bajo costo, re-
sultando en una mayor satisfaccion del paciente. La transicion a la produccion digital de protesis auditivas
es un avance prometedor que tiene el potencial para superar los desafios de Ia fabricacion convencional.
La evolucion de las tecnologias de escaneo, el desarrollo de software de codigo abierto y el uso de nuevos
materiales haran los procesos mas accesibles y eficientes.

DESCRIPTORES: Protesis Auditiva; Fabricacion Aditiva; Tecnologias Digitales; Rehabilitacion
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INTRODUCTION

he auricle, or outer ear, is a crucial
element for facial aesthetics and for
defining an individual's physiogno-
my. Its anatomical structure reflects char-
acteristics such as age and gender, making
itan important component in the compo-
(12, Understanding the
aesthetic patterns of ear shape is therefore

sition of the face

essential for successful facial analysis®.
The outer ear consists of a prominence of

skin and cartilage, and its main anatomical
structures are the helix-antihelix complex,
the concha, the lobe, and the tragus®*).

The human ear, a fundamental struc-
ture for facial aesthetics and prosthesis
design, is formed by specific anatomical
proportions and dimensions (Fig. 1). The
combination of this information allows
for the accurate replication of natural
morphology, ensuring functionality and
aesthetics in prosthetic and adapted de-
vices©,

Fig. 1. Average anthropometric measurements of the human ear. (A) Ear height (55 mm
- 75 mm). (B) Posterior inclination of the ear in relation to the vertical plane (15° to 20°).
(C) Distance of the lateral projection of the ear (10-15 mm to the lower part). (D) Angle
of separation of the outer edge of the helix in relation to the head (approximately 20°).

Source: Adapted from Ladani, 2021,

The importance of the ear in facial aes-
thetics is evident. An ear with size, shape,
location, and positioning within normal
standards tends to go unnoticed. How-
ever, any change in its structure causes a
significant aesthetic modification”. Aes-
thetic changes in the face can generate
negative psychosocial impacts, such as
difficulties in interpersonal and social re-
lationships, compromising patients' qual-
ity of life®. Ear deformities can be caused

by various pathologies, ranging from con-
genital conditions, such as microtia, to ac-
quired trauma, such as that resulting from
car accidents, skin cancer, and burns®'?,
These congenital or acquired deformities,
including partial or complete absence of
the ear (anotia/microtia), can be effec-
tively treated through car reconstruction
surgery or prosthetic rehabilitation. The
approaches offer distinct advantages and
disadvantages, depending on the specific
needs and clinical condition of each pa-

@ ® DOI: https:/doi.org/10.36489/saudecoletiva.2025v16i101p17598-17617
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tient112),

Surgical reconstruction allows the use
of autologous tissues and results in a de-
finitive structure integrated into the body,
with less need for maintenance. However,
it requires multiple procedures, involves
a longer recovery time, and can cause sig-
nificant scarring due to the removal of the
patient's own tissue. Prosthetic rehabilita-
tion provides immediate aesthetic results,
is less invasive, and offers greater possi-
bility for personalized adjustments over
time, but it presents significant challenges.
Among these are the technical difficulties
in manufacturing the prosthesis using
conventional methods, which can require
several complex laboratory steps, a high
degree of professional skill, and a long
time until the final delivery of the pros-
thesis. In addition, prostheses require pe-
riodic replacement due to material wear,
depend on patient adherence to continu-
ous use, and can generate functional and
psychological limitations related to the
perception of artificiality, as well as the
social stigma associated with the use of ex-
ternal devices™?,

Over the past 25 years, rehabilitation
with ear prostheses has undergone a sig-
nificant transformation driven by the
integration of digital technologies, such
as three-dimensional (3D) image acqui-
sition, Computer Aided Design (CAD),
and additive manufacturing. The 3D re-
construction of detailed images of the
patient's ear enables the creation of digital
models capable of accurately reproducing
their individual anatomical characteris-
tics. CAD software can be used to refine
the models, ensuring proper anatomical
fit and aesthetic harmonization. Additive
manufacturing enhances the production

2025; (16) N.101 = satdecoletiva 17609
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process by enabling the direct conversion
of digital models into aesthetic prostheses
with a high level of precision and realism.
This evolution results in a more personal-
ized and efficient approach, with benefits
in terms of scalability, production time,
and cost-effectiveness!?.

However, despite the obvious advances
and benefits, challenges remain related to
the standardization of digital protocols,
the accessibility of these technologies in
clinical contexts, and the scarcity of sys-
tematic comparative studies. This article
presents a scoping review of the method-
ologies, technologies, and results associ-
ated with the use of digital manufactur-
ing in the production of ear prostheses,
highlighting its transformative impact on
hearing rehabilitation, as well as the cur-
rent challenges and prospects for the de-
velopment and dissemination of this tech-
nology. The analysis secks to identify the
challenges that still limit the adoption of
these approaches by prosthetic centers and
propose strategies to facilitate their dis-
semination and wider clinical application.

This is a scoping review to critically an-
alyze the evolution of digital manufactur-
ing applied to car prostheses over the last
25 years, identifying the challenges that
still restrict its adoption in prosthetic cen-
ters and pointing out possible strategies to
expand its dissemination and clinical ap-
plication. The study was conducted in ac-
cordance with the Joanna Briggs Institute
(JBI) model, as per the JBI Scope Review
Manual, and the article was constructed
following the PRISMA-SCR (Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses) checklist!>'® (Fig.
2.) to identify, select, and analyze the liter-
ature on the application of digital technol-
ogies in the production of ear prostheses.

Search Strategy

The search for scientific articles was
performed in the PubMed, Scopus, and
Web of Science databases, limited to the
25-year period from 2000 to 2025, to

17610 saitdecoletiva = 2025; (16) N.101

cover the most relevant implementations
of digital technologies in the field. Key-
words were combined using Boolean op-
erators (AND and OR) to maximize the
sensitivity of the search. The following
combinations of keywords with Boolean
operators were used: (“outer ear” OR “au-
ricle”) AND (“prostheses” OR “prosthe-
sis”) AND (“3D printing” OR “additive
manufacturing” OR “digital fabrication”).

Eligibility Criteria

The included articles address the ap-
plication of additive manufacturing (3D
printing), CAD, or CAM in the manu-
facture of external ear prostheses, includ-
ing original articles, case studies, clinical
trials, and reviews published between
2000 and 2025. Articles that did not spe-
cifically address the production of external
prostheses, those focused only on surgical

reconstruction with autologous or al-
loplastic materials, as well as conference
reports, letters to the editor, editorials,
and opinion articles without original data
were excluded.

Data Selection and Analysis

In the first stage of study selection, the
titles and abstracts of the articles were
screened to identify those that met the
inclusion criteria. In the second stage, the
full texts of the preselected articles were
read to confirm eligibility. For each article
included, data on authors, year of publica-
tion, type of study, technology used, mate-
rials, manufacturing methodology, results,
and conclusions were extracted. The data
were summarized descriptively, and crit-
ical analysis of the evidence mapped the
challenges to propose dissemination strat-
egies.

Fig. 2. PRISMA flowchart of article selection.
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Source: Prepared by the author.
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RESULTS the compilation of 44 unique articles, cesses of prosthetic ear manufacturing
which were thoroughly examined to  using digital manufacturing technolo-
The literature analysis resulted in  identify the methodologies and pro-  gies (Table 1).

Table 1. Methodologies and processes for prosthetic ear fabrication using digital manufacturing.

n° Authors Year Method Image Acquisition Process*

1 Chee Kai, et al."” 2000 Direct 3D Scanner (Laser) SLA /SLS/FFF /LOM

2 Gebhardt'® 2000 Direct DICOM images (CT) and 3D reconstruction -

3 Sykes, etal. @ 2004 Indirect 3D scanner (optical) MJT

A Jiao, et al. @ 2004 Direct DICOM images (CT) and 3D reconstruction LOM

5 Ciocca e Scotti? 2004 Indirect 3D scanner (laser) -

6 Chandra, et al. 22 2005 Direct 3D Scanner (Laser) MJT

7 Mardini et al. 2 2005 Indirect 3D scanner (laser) SLA

8 Bibb, et al. 24 2006 Direct 3D Scanner (Laser) MJT

9 Subburagj, et al. ?3 2007 Indirect DICOM images (CT) and 3D reconstruction =

10 Karayazgan-Saracoglu et al. 2 2009 Indirect DICOM images (CT) and 3D reconstruction =

11 Turgut, et al.?” 2009 Indirect DICOM images (MRl and CT) and 3D reconstruction SLS

12 Karatas, et al.® 2011 Direct DICOM images (CT) and 3D reconstruction MJT / SLA

13 Liacouras, et al.? 2011 Direct 3D Scanner (Laser) -

14 De Crescenzio, et al.®% 2011 Direct - -

15 Bai, et al®" 2014 Direct 3D Scanner (Light) / DICOM IAmages (CT)and 3D Sis

Reconstruction

16 He etal.?? 2014 Direct = FFF

17 Watson e Hatamleh.®? 2014 Direct 3D Scanner (Laser) -

18 Artioli et al.B4 2014 Direct DICOM images (CT) and 3D reconstruction FFF / SLS

19 Nuseir, et al.® 2015 Indirect DICOM images (CT) and 3D reconstruction -

20 Moretto, et al.®® 2016 Direct DICOM images (CT) and 3D reconstruction FFF

21 Mohammed, et al.?” 2017 Direct DICOM images (CT) and 3D reconstruction Pl

22 Yadav et al.®® 2017 Direct DICOM images (CT) and 3D reconstruction SLS

23 Jamayet et al.®% 2018 Indirect 3D scanner (laser) Pl

24 Mohammed et al.“? 2018 Direct DICOM images (CT) and 3D reconstruction Pl

25 Sarkar et al.4? 2019 Indirect 3D scanner (Light) FFF

26 Unkovskiy et al.“? 2019 Direct 3D Scanner (Light) SLS /SLA / FFF

27 Unsal e Turkyilmaz.“? 2019 Indirect DICOM images (CT) and 3D reconstruction -

28 Cevik e Kocacikli.“ 2020 Direct 3D Scanner (Blue Light) FFF

29 Cruz etal“ 2020 Direct 3D Scanner (Light) FFF

30 Manju et al el 2021 Indirect DICOM images (CT) and 3D reconstruction) 2]

31 Bietal.“” 2022 Direct DICOM images (CT) and 3D reconstruction -

32 Singh e Bhandari“® 2022 Indirect 3D scanner (blue light) SLA

33 Netshilindi et al.“® 2023 Indirect 3D scanner (digital intraoral scanner) SLA

34 Sharma et al.®? 2023 Indirect 3D Scanner (Light) FFF / SLA

35 Hatamleh et a1 2024 Direct CT, Cone beam conlgt;::géjoéosrzggrr]ipr)hy (CBCT) from the

36 Kasahara et al.®? 2024 Indirect Scanner (Artec Spider) and (Trios3)

37 Kim et al.>? 2024 Direct DICOM images (CT) and 3D reconstruction FFF

38 Capotorto et al.> 2025 Direct 3D Scanner (Laser) FFF
e i & ety Sense peisico. xcarts oniasat onttado, ek Icandiado sob uma Licenga Ceative Commons 2025;(16) N.101 = saidecoletiva 17611
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39 inal et al.®* 2025 Indirect 3D scanner (intraoral) FFF
40 inal et al 58 2025 Indirect Smartphone application (Polycam) SLA
41 Kaul et al.®” 2025 Indirect Smartphone application (EM3D and 3D Scanner. -
42 Gadallah et al.®® 2025 Indirect Intraoral Scanners -
L4 Nightingale et al®>® 2025 Indirect Photogrammetry iPhone and Android, and 3D scanner =

* FFF: Fused Filament Fabrication; LOM:
Laminated Object Manufacturing; MJT: MultiJet
Modeling; PJ: Polyjet. MRI: Magnetic Resonance
Imaging; Computed Tomography; SLA: Stereoli-
thography; SLS: Selective Laser Sintering.

The literature on prosthetic ear reha-
bilitation through additive manufacturing
can be categorized into two workflows:
The indirect method, which uses addi-

tive manufacturing to produce a physical
model of the mold that will be used in
conventional prosthesis manufacturing,
and the direct method, which employs
the technology to manufacture the final
prosthesis or a component of it, elimi-
nating the molding and manual sculpting

in 20 of the 44 studies (45%), focusing on
reducing manual steps, optimizing time,
and secking more accessible and efficient
solutions for acquiring the ear image. The
direct method, the dominant approach,
was explored in 24 of the 44 articles (55%)
(Table 2).

steps. The indirect method was employed

Table 2. Application of direct and indirect additive manufacturing methods for ear prostheses, detailing the digital

generation of contralateral anatomy without the use of physical molding.

Indirect Method
Year Authors Main findings
2004 Sykes, etal."® Statistical comparisons between a conventionally produced mold and one produced by additive manufacturing.
Ciocca e Scotti®? The application of the indirect method is only feasible if the scanning and CAD systems are low cost.
2005 Mardini et al. 23 The indirect method did not require the patient to undergo scanning, reducing acquisition errors and visits to the
' office.
2007 Subbural et al @ Feasibility of a semi-automated methodology using CAD and additive manufacturing to develop an ear
) ' prosthesis.
6 Karayazgan-Saracoglu et al. Feasibility of a semi-automated approach using CAD and additive manufacturing.
Turgut, et al.?” Reproducibility in 10 cases of unilateral ear absence.
2015 Nuseir et /9 The use of 3D modeling and additive manufacturing simplified production, reducing time and improving the
' ' texture and structure of the results.
2018 Jamayet et al.®* New indirect methodology, eliminating CT scans, which reduced time, cost, and improved accuracy.
Sarkar et al @1 Indirect method using Polyjet technology; highlighted economic challenges but acknowledged the potential for
i ' cost reduction.
Unsal e Turkvilmaz.© Analysis of patient satisfaction in a clinical case of an auricular prosthesis produced by additive manufacturing,
Y ’ reporting satisfaction with the result.
2021 Maniu et al® The process ensured exceptional realism and precise adaptation, requiring three times fewer hours compared to
) ' the conventional method.
2022 Singh e Bhandari®® The indirect method simplified the process of producing ear prostheses, eliminating time-consuming steps.
Netshilindi et al.« The first report of the use of an intraoral 3D scanner in the indirect method resulted in greater precision,
o ' improved efficiency, and a less invasive approach.
Sharma et al. Sharma et al5 Confirmed that, despite the initial costs, the indirect method approach significantly reduced the need for patient
) ‘ appointments and chair time.
2024 Kasahara et al & Compared optical scanners with conventional impression-taking, concluding that digital methods caused less
' deformation and are clinically acceptable.
inal et al &) Presented a semi-digital workflow for replacing implant-retained prostheses, using an intraoral scanner and 3D
' printing to optimize the process.
inal et a9 Validated a low-cost technique for acquiring ear images using a smartphone app, proving that it is an affordable
' and comfortable alternative.
2025 Kaul et 257 Mobile applications are a viable alternative to 3D scanners, with good accuracy and superior performance in
' terms of time and cost.
Gadallah et a1 Evaluated different intraoral scanners, demonstrating that the accuracy for ear scanning varied significantly
' between models.
Nightingale et al &% Validated a photogrammetry method using smartphones that is accurate and repeatable, regardless of the cell
ghting ' phone model, reinforcing the flexibility and potential for democratization of the technology.

17612 saiudecoletiva = 2025; (16) N.101
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Direct Method
Year Authors Main findings
Chee Kai et al0” First report on the direct method, demonstrating the production of ear prostheses using four additive
2000 ! ' manufacturing technologies (SLA, SLS, FFF, and LOM).
Gebhardt(18) Explored the clinical implications of the manufacturing procedure, confirming its applicability.
2004 Jiao, et al, @ The integration of Additive Manufacturing and Computer-Aided Design (CAD) simplified the production process,
' ' increasing efficiency.
2005 Chandra et al. @2 Demonstrated the transition from artisanal to engineering-based manufacturing using low-cost laser scanners
! ' and receiving positive feedback from doctors and patients.
2006 Bibb, et al. 2 Validated the efficiency of the direct method for magnetic retention prostheses.
Karatas. et al.2® Affirmed the ability of the approach to generate prostheses with greater realism and facial symmetry, with
' ' reduced processing time.
2011 Liacouras, et al.?? Viability of the direct method to reduce initial steps in the conventional manufacturing process.
De Crescenzio, et al Provided results that concluded that the direct method reduced time and costs by eliminating three
' ' manufacturing steps compared to the conventional process.
Bai. et al®" The direct method increased the precision and accuracy of ear prostheses, optimizing manual efforts and
' ' minimizing production time.
He etal.®? V/alidated an economical and user-friendly approach to the production of silicone ear prostheses.
2014 Watson e Hatarmleh &3 Improved the final prosthesis using a color spectrometer that accurately reproduced digital and physical skin
' tones.
Artioli et al.8 Highlighted the ability of SLS technology to produce a superior quality mold for prostheses, but acknowledged
j economic disparities.
2016 Nuseir et al.59 Open source software to optimize 3D reconstruction from CT images of the ear, facilitating digital modeling of
' ' molds.
Moretto. et al.® 3D design and multi-material printing have been shown to have the potential to create realistic ear prosthesis
S ' ' models, making them suitable for clinical applications.
Mohammed. et al.57 lllustrated that CAD/CAM additive manufacturing and selective laser sintering technology replicated accurate
' ' ear prostheses, reducing treatment time.
3D modeling and printing produced superior anatomical reproduction results, reducing production time and
(40)
2018 M R costs by 30-35% compared to traditional methods.
2019 Unkovskiv et al2 The investigation revealed that all three additive manufacturing methods (FFF, SLS, and SLA) achieved high
i ' dimensional accuracy in the production of ear prostheses.
Covik e Kocacikli @ Additive manufacturing has the potential to replace conventional procedures such as jar molding and wax
6 ' sculpting.
Cruz et al % Additive manufacturing offers a cost-effective and high-precision solution for the production of ear prostheses.
2022 Bi et al @ Additive manufacturing and CAD planning optimize the production of ear prostheses, eliminating time-
' consuming steps.
Hatamleh et al.5" Digital workflow for bilateral ear reconstruction, validating the digital workflow to achieve greater symmetry
5024 ’ and precision in implant placement.
Kim et al &3 Clinical trial that proved the safety and durability of printed PCL implants, with high patient satisfaction results
' after one year.
2025 Capotorto et al 5 Created a scaffold with two materials (PCL and TPU) via FFF that mimics the mechanical properties of cartilage
P ' and adipose tissue, showing superiority over other materials.

This scoping review demonstrated
that the transition to auricular reha-
bilitation through digital workflows
is a consolidated trend in the litera-
ture, with a notable evolution from a
focus on technical feasibility to clini-
cal validation and democratization of
access. Analysis of the main data, pre-
sented in Tables 1 and 2, allowed us to

identify patterns and gaps that shape
the future of digital anaplastology.

Evolution of Acquisition Methods
and Technologies

A chronological analysis of the lit-
erature reveals a significant shift in
data acquisition. Initially, the direct
method predominated, using laser
scanners or computed tomography
(CT) 18,20,22)

image I‘CCOI‘IStI’uCtiOI’l< .
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Although this approach offered high
precision, it depended on large equip-
ment and, in the case of CT, exposed
the patient to radiation, which limit-
ed its clinical and economic applica-
bility. The indirect method, in turn,
was validated with optical scanners"?)
on the premise that its viability de-
pended on low-cost systems®V.

A paradigm shift in data acqui-
sition was observed due to the pro-

2025; (16) N.101 = satdecoletiva 176132
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gressive elimination of highly com-
plex exams, such as CT, in favor of

less invasive and more efficient solu-

39,49

tions®%). The use of intraoral scan-

(.55 and, more recently, photo-

s(56,57,59)

ners
grammetry with smartphone
validate the democratization of acqui-
sition technology. This trend suggests
that the main barrier to entry, the cost
of the scanner, is being progressively
mitigated by affordable devices with
acceptable accuracy performance for
clinical applications. However, it is
crucial to note that accuracy can vary
significantly between different scan-
ners, highlighting the need for stan-
dardization and validation of proto-

cols®®,

Additive Manufacturing as a Pro-
duction Standard

Parallel to the evolution in acqui-
sition, the data indicate a consolida-
tion of additive manufacturing as the
primary means of production. Stere-
olithography (SLA), Fused Filament
Fabrication (FFF),
Laser Sintering (SLS) technologices

and Selective

have been the most explored over the
years for the production of molds?*?7)
or final prostheses®>#. Polyjet (PJ)
technology stood out for its ability
to produce models with high detail
fidelity and realism®7%. The vari-
ety of printing technologies, howev-
er, presents a challenge: the choice of
manufacturing method directly im-
pacts the cost and mechanical proper-
ties of the prosthesis, which requires
in-depth technical knowledge on the
part of the professional.

The use of 3D printing in both
methods (direct and indirect) demon-
strates its versatility. In the indirect
method, printing a mold or physical
model” allows the application of tra-
ditional prosthetics techniques with a
digital workflow. In the direct meth-
od, additive manufacturing allows the
printing of supports, surgical guides,
and even the final prosthesis®?, elim-
inating manual steps and ensuring

17614 saidecoletiva = 2025; (16) N.101

greater dimensional accuracy.

Benefits of the digital transition
for aesthetic rehabilitation

Analysis of the findings (Table 2)
shows that the gains from digital tran-
sition go beyond the technical. The
reduction in consultations and chair
time®*59, the elimination of invasive
exams such as CT®”, and the simpli-
fication of time-consuming steps®®)
demonstrate a direct impact on clin-
ical practice and patient experience.
Increased satisfaction reinforces the
benefit of aesthetic predictability and
process optimization®) Technologi-
cal democratization with low-cost de-
vices suggests that these benefits may
become accessible to a larger num-
ber of patients, expanding access to
high-quality aesthetic rehabilitation.

Challenges and Future Perspec-
tives

Despite advances, the scope re-
view identified important gaps. The
main barrier to large-scale adop-
tion remains the high initial cost of
equipment and the need for technical
training, a limitation that has persist-
ed from early studies®” to the most

recent ones(#15%

. The future pros-
pects, however, are promising and are
already being explored in the litera-
ture. The development of new materi-
als, such as the hybrid PCL and TPU
scaffold®®, indicates a direction of
research that seeks to mimic not only
the aesthetics but also the mechanical
and functional properties of tissues.
In addition, the validation of digital
workflows for bilateral prostheses®?
and the use of smartphone applica-

tions®”

pave the way for research fo-
cused on simplifying and scaling the
process.

In short, the literature demon-
strates a consistent and convergent
evolution of methods, with additive
manufacturing and 3D scanning con-
solidating themselves as the backbone
of modern ear rehabilitation. The

challenge now lies in overcoming

cconomic and qualification barriers,
ensuring that technology, which has
already proven its clinical effective-
ness, can be democratized and wide-
ly adopted, transforming prosthetic
care into a more accessible and pa-
tient-centered practice.

This scoping review has demon-
strated that additive manufacturing
has established itself as one of the
technological pillars of modern pros-
thetic ear rehabilitation, transforming
a traditionally manual process into
a digital and predictable workflow.
The findings confirm the evolution
of two primary methods, direct and
indirect, which are establishing them-
selves as viable and efficient alter-
natives to conventional techniques.
These workflows not only optimize
production, reducing time and costs,
but also enhance the quality and real-
ism of prostheses, directly impacting
patient satisfaction and well-being.
Despite persistent barriers, such as
the high cost of equipment and the
need for specialized training, the
growing trend toward technological
democratization is driving large-scale
adoption. The validation of low-cost
solutions, such as smartphone photo-
grammetry and the development of
open-source software, signals a future
in which cutting-edge technology
will be more accessible, expanding the
reach and impact of digital ear reha-
bilitation. In short, the transition to
digital manufacturingrepresents more
than a mere change in technique; it is
a move toward democratizing access
to high-quality prostheses. The fu-
ture of digital anaplastology lies in
overcoming economic and training
gaps while exploring the potential of
new biomaterials and advanced cus-
tomization, solidifying prosthetic
rehabilitation as a discipline of engi-
neering, art, and human care.
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