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Abstract

Background: Auricular defects resulting from congenital anomalies, trauma, or oncologic
resection pose significant functional and psychosocial challenges. When autologous re-
construction is not feasible or not desired, implant-retained auricular prostheses represent
a reliable alternative with high patient satisfaction. This study aimed to systematically
evaluate the clinical performance of craniofacial implants used for auricular prosthetic
rehabilitation, focusing on implant survival, prosthetic outcomes, workflow typologies,
and complications. A secondary objective was to illustrate the long-term validity of a
minimally invasive navigation technique through a clinical case with 6-year follow-up.
Methods: A systematic review was conducted according to PRISMA guidelines. Clinical
studies published between 2005 and 2025 reporting outcomes of implant-retained auric-
ular prostheses were searched in PubMed and Scopus databases. Data were extracted
on implant type, survival rates, prosthetic performance, workflow, and complications.
Risk of bias was assessed using appropriate tools based on each study design. Results:
A total of thirty-two studies were included, comprising fifteen case reports, fifteen case
series, one cohort study, and one prospective observational study. Implant survival was
consistently high across all workflow categories, with failures predominantly associated
with irradiated or anatomically compromised bone. Prosthetic outcomes were favorable,
showing excellent esthetics, stable retention, and high patient satisfaction irrespective of
manufacturing method, although digital and navigation-assisted workflows improved
reproducibility, symmetry, and planning precision. Complication rates were low and gen-
erally limited to mild peri-abutment inflammation manageable with conservative care.
The clinical case confirmed these findings, showing stable osseointegration, healthy soft
tissues, and uncompromised prosthetic function at 6-year follow-up. Conclusions: Implant-
retained auricular prostheses show predictable long-term success, independent of whether
traditional, hybrid, or fully digital workflows are employed. Digital technologies enhance
surgical accuracy, minimize morbidity, and streamline prosthetic fabrication, although
high-quality comparative studies remain limited.

Keywords: auricular prosthesis; craniofacial implants; implant-supported prostheses;
navigation surgery; flapless placement; digital workflow; long-term follow up
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1. Introduction

Auricular loss (whether congenital, traumatic, or oncologic) represents a significant re-
constructive and psychosocial challenge. Congenital anomalies such as microtia and anotia
occur in approximately one per five to seven thousand live births, whereas acquired auric-
ular defects often result from ablative oncologic surgery or severe trauma [1-4]. Traditional
autologous reconstruction using costal cartilage or porous polyethylene frameworks can
provide excellent esthetic results in experienced hands [5-8]. However, these techniques
remain technically demanding, require multi-stage surgery, and are contraindicated in
patients with scarring, previous irradiation, or inadequate soft-tissue quality [9]. When
autologous reconstruction is not feasible or not desired, implant-retained auricular prosthe-
ses offer a predictable and minimally invasive alternative to restore facial symmetry and
social well-being [10-12]. Since their introduction in the late 1970s, osseointegrated cranio-
facial implants have become the gold standard for anchoring auricular epitheses [13-15].
Contemporary clinical series consistently report implant survival rates exceeding 95%,
favorable soft-tissue behavior, and high patient satisfaction, with complications typically
limited to manageable peri-abutment inflammation or skin overgrowth. Compared with
adhesive-retained prostheses, implant anchorage provides superior retention, hygiene,
durability, and day-to-day comfort [16]. Over the past decade, the surgical and prosthetic
workflow for auricular rehabilitation has undergone a profound transformation with the
advent of digital technologies. Computer-aided design/manufacturing (CAD-CAM), three-
dimensional (3D) imaging, and virtual surgical planning (VSP) enable accurate replication
of the contralateral anatomy, prosthetically driven implant positioning, and reduced depen-
dence on manual sculpting [17-22]. Stereolithographic guides have improved the precision
of extraoral implant placement, while significantly reducing laboratory time and increasing
reproducibility [23-26]. More recently, dynamic navigation systems (originally developed
for neurosurgery and oral implantology) have been introduced into craniofacial implant
surgery. These systems provide real-time visual feedback on drill trajectory relative to
the patient’s anatomy, enabling high-precision flapless implant placement with minimal
morbidity [27-33]. Navigation-assisted workflows improve intraoperative visibility, reduce
surgical duration, and lower the risk of injury to delicate anatomic structures, including the
facial nerve and auricular vasculature. Early experimental and clinical studies have shown
sub-millimetric accuracy comparable to that achieved in guided intraoral implantology [34].
Despite these promising developments, the application of dynamic navigation to auric-
ular implant placement remains scarcely documented and long-term clinical outcomes
are still largely missing. In parallel, the scientific literature on implant-retained auricular
prostheses remains heterogeneous with respect to defect etiology, implant systems, reten-
tion mechanisms, and reported outcome measures. While several systematic reviews on
implant-retained auricular prosthesis have already been published, only a limited number
has specifically addressed comparison between different surgical and prosthetic workflows.
Moreover, available data on digital and navigation-assisted approaches remain heteroge-
neous and are largely derived from small observational studies with short-term follow-up.
In this context, the present study was designed with a dual purpose: (i) to provide an
updated overview of the available clinical evidence by comparatively analyzing traditional,
hybrid, and digital workflows for implant-retained auricular prosthetic rehabilitation, fo-
cusing on implant survival, complications, and prosthetic outcomes; and (ii) to complement
this evidence with the presentation of an innovative, navigation-guided, flapless clinical
case with six-year clinical and radiographic follow-up, serving as an illustrative example of
the long-term feasibility and biological stability of a fully digital approach.
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2. Materials and Methods

This systematic review aimed to comprehensively evaluate the clinical outcomes of
osseointegrated craniofacial implants used for auricular prosthetic rehabilitation. The
included studies investigated surgical protocols, implant survival, peri-implant soft-tissue
behavior, prosthesis-related outcomes, and patient-reported satisfaction across different
clinical scenarios. Only clinical studies involving human participants were included to
ensure real-world clinical relevance. Eligible designs comprised prospective and retro-
spective cohorts, as well as case series and case reports, that reported outcomes related
to both the implant and the retained auricular prosthesis. Experimental, animal, in vitro,
technical notes without clinical data, and studies focusing exclusively on bone-anchored
hearing aids without auricular prosthetic rehabilitation were excluded. The review pro-
tocol was prospectively registered in the PROSPERO database (CRD420251181874). The
review was conducted in accordance with the PRISMA 2020 (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) guidelines to ensure methodological transparency,
reproducibility, and adherence to high-quality standards [35].

2.1. Search Stretegy

A comprehensive literature search was conducted across PubMed and Scopus
databases between 29 October and 2 November 2025. Search strings were adapted to
each database while maintaining semantic consistency. A last comprehensive search was
conducted on 5 November 2025 to perform a final screening of eligible articles across
all databases.

The following search strategy was employed to systematically retrieve relevant studies:

(auricular[Title/Abstract] OR microtia[ Title/Abstract]
OR “ear prosthesis”[Title/Abstract]
OR “auricular prosthesis”[Title/Abstract])
AND (“osseointegrated implant”[Title/Abstract]
OR “craniofacial implant”[Title/Abstract]
OR “extraoral implant”[Title/Abstract]
OR “bone anchored”[Title/Abstract])
AND (prosthesis[Title/Abstract]
OR rehabilitation[Title/Abstract]
OR digital[Title/Abstract]
OR “CAD CAM"[Title/Abstract]

OR navigation[Title/Abstract])
Reference lists of selected articles were manually screened to identify additional

relevant studies.

2.2. Inclusion and Exclusion Criteria

Studies were considered eligible for inclusion if they were published between 2005 and
2025 and reported clinical applications of osseointegrated craniofacial implants used for
auricular prosthetic rehabilitation in human patients. Only clinical studies were included
to ensure real-world applicability and to capture outcomes related to both the implant and
the retained auricular prosthesis. Eligible studies needed to involve implant placement in
the auricular region and include postoperative evaluation of implant survival, soft-tissue
response, prosthetic retention, patient satisfaction, and functional/esthetic outcomes.

Both traditional and digitally assisted workflows (virtual surgical planning, CAD/CAM,
navigation-guided or guided-surgery protocols) were included, provided that they in-
volved craniofacial implants specifically used to retain an auricular prosthesis. Only articles
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published in English and available in full text were included to ensure methodological
transparency and complete data extraction.

Exclusion criteria comprised in vitro, animal, and cadaveric studies, as well as reports
describing implants not placed in the auricular region or not used to retain a prosthesis
(e.g., bone-anchored hearing devices without prosthetic rehabilitation). Studies were
excluded if they did not involve the use of craniofacial osseointegrated implants, if they
focused solely on autologous reconstruction without a prosthetic component, or if they
addressed hearing rehabilitation only. Reviews, systematic reviews, editorials, conference
abstracts without full text and technical notes were excluded. Finally, studies published
in languages other than English or without accessible full text were omitted to ensure
consistent methodological quality and reliable data synthesis.

2.3. Article Selection Process

The initial database search identified 196 records. After applying filters for publication
language (English) and publication date (2005-2025), 59 records were excluded, resulting in
137 records: 58 from PubMed and 79 from Scopus. Following the removal of 16 duplicates,
121 studies were screened based on titles and abstracts. Of these, 45 records were excluded
for being unrelated to auricular prosthetic rehabilitation supported by craniofacial implants.
A total of 76 full-text articles were sought for retrieval. Of these, 43 were excluded for
the following reasons: 11 did not report clinical outcomes (neither implant-related nor
prosthesis-related) and 33 were non-clinical studies. A total of 32 studies met all inclusion
criteria and were included in this systematic review. The selection process was conducted
independently by two expert reviewers, with disagreements resolved through discussion
with a third reviewer. The full selection process is summarized in the PRISMA flow diagram

(Figure 1).
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Figure 1. This diagram illustrates the systematic process of identifying, screening, and selecting
studies for inclusion in the systematic review.
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2.4. Data Extraction and Quality Assessment

Two independent reviewers performed data extraction using a standardized
Excel spreadsheet.

The following information was collected from each included study: first author, year
of publication, study design, number of patients, type of implant, prosthesis material, type
of workflow, implant outcomes, prosthesis outcomes, comparison with other rehabilitation
strategies, and follow up.

Any discrepancies between the two reviewers regarding study selection or risk of bias
assessment were resolved through discussion with a third reviewer.

The present systematic review incorporated studies involving diverse methodological
designs, including the following: fifteen case series, one prospective observational study;,
one retrospective cohort study, and fifteen case reports. Accordingly, risk of bias assess-
ments were conducted employing tools specifically validated for each study design. For
case reports and case series, the Joanna Briggs Institute (JBI) critical appraisal checklist was
applied to evaluate study rigor and relevance [36] (Figures 2 and 3). The ROBINS-I tool was
utilized to appraise the risk of bias of the prospective observational study [37] (Figure 4).
The included cohort study was evaluated using the JBI checklist for cohort studies [38]
(Figure 5). This stratified approach ensured an appropriate and robust critical appraisal
tailored to the heterogeneity of included evidence.

Study ID a1 Q2 a3 a4 Qs Qe a7 Qs
Ajay etal, 2025 ® O om0 0000 @ ve
Rostamzadeh et al,, 2025 ® om0 m ! Unclear
Abi Zeid Daou et al, 2025 ® o000 ®
Prakash et al, 2022 ® o0 60m300
Pellegrino et al.,, 2021 R S QL Were patient's demographic characteristics clearly described?
Domingue et al,, 2020 . . . . . . . . 02 \yas the patient’s history clearly described and presented as 3 timeline?
Weissler et al,, 2017 . . . . . . . . a3 Was the current clinical conditien of the patient en presentation clearly described?
Shrestha et al, 2015 OB e & &= Q% \Were diagnostic tests or assessment methods and the results clearly described?
Gumieiro et al., 2009 . . . . . . . . Q5 Was the intervention(s) or treatment procedure(s) clearly described?
Domingue,Glenn et al., 2020 . . . . . . . . Q6 \yas the post-intervention clinical condition clearly described?
Martinez Plaza et al., 2019 . . . . . . . . Q7 Were adverse events (harms) or unanticipated events identified and described?
Arshad et al,, 2018 . . . . . . . . Qs Does the case report provide takeaway lessons?
Dilber et al,, 2013 @0 00 66060
Osturk et al., 2010 @000
S 00000000
Figure 2. This table presents the assessment of the risk of bias for each included case report, evaluated
across the eight domains of the JBI Critical Appraisal Checklist for case reports [39-53].
study 1D @ @ @ @ @ @ @ @ @ QW
Pruthi et al,, 2020 . . . N B ] Yl . ) Q1 were there clear criteria for inclusion in the case series?
Fapaspyrou et al, 2018 . ! . . ! . . ' . . @ \was the condition measured in a standard, reliable way for all participants included in the case series?
Agarwal et al,, 2018 @ " 0 . @ ® " 00 3 \ere valid methods used for identification of the condition for all participants included in the case series?
Arora et al,, 2016 . . . . ! . . . . . @ bid the case series have consecutive inclusion of participants?
Littlefield et al, 2015 . ] . [ ® @ [ ] . 1 G5 Did the case series have complete inclusion of participants?
Mevio et al., 2015 R . @ e e @ @ . ® @ \yas there dlear reporting of the demographics of the participants in the study?
Rocke et al, 2014 ® ® . ® ® ® ® e Q7 \yas there clear reporting of clinical infarmation of the participants?
Pekkan et al., 2011 . . . . . . . . . . @ Were the outcomes or follow-up results of cases clearly reparted?
wright et al, 2008 ® o6 e o006 L ] @ @ Was there clear reporting of the sitefs)yclinicls)
Aydin et al., 2008 [ . o . . ® e . L] O yyas statistical analysis appropriate?
Leonardi et al., 2008 ! . . . . . . . . !
000 0000EOCEO
N 00000 O0OGOGOO ® -
Balik etal,, 2016 ®eo e  : o000 00 1 Unclear
Khamis et al,, 2008 . . . @ @ . . ® 0 . e

Figure 3. This table presents the assessment of the risk of bias for each included case series, evaluated
across the ten domains of the JBI Critical Appraisal Checklist for case series [54—68].

https:/ /doi.org/10.3390/app16031192


https://doi.org/10.3390/app16031192

Appl. Sci. 2026, 16,1192

6 of 28

Unigue ID
22

Study ID

Sandelski et al., 2025

Yes

Unclear

No

Bias due to confounding
Bias in selection of
participants into the
study
Bias in classification of
interventions
Bias due to deviations
from intended
interventions
Bias due to missing data
Bias in measurement of
outcomes
Bias in selection of
reported results

Unigue ID Study ID
2 Hovhannisyan et al., 2025

s
+
+*
+

+ Low risk
! Some concerns

. High risk

Figure 4. This table presents the assessment of the risk of bias for the only prospective observational
study included, evaluated across the seven domains of the ROBINS-I tool [69].
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a1 Were the two groups similar and recruited from the same population?

a2

Were the exposures measured similarly to assign people to both exposed and unexposed groups?

Q3

Was the exposure measured in a valid and reliable way?

a4 Were confounding factors identified?

Qs Were strategies to deal with confounding factors stated?

as Were the groups/participants free of the outcome at the start of the study (or at the moment of exposure)?
a7 Were the outcomes measured in a valid and reliable way?

as Was the follow-up time reported and sufficient to be long enough for outcomes to occur?

as Was follow up complete, and if not, were the reasons to loss to follow up described and explored?

aio Were strategies to address incomplete follow up utilized?

a1 Were the groups/participants analyzed in the groups to which they were assigned?

Qi1z

Was appropriate statistical analysis used?

Figure 5. This table presents the assessment of the risk of bias for the only retrospective cohort study
included, evaluated across the twelve domains of the JBI Critical Appraisal Checklist for cohort
studies [70].

2.5. Surgical Workflow of the Case

An illustrative clinical case was incorporated into the present review to exemplify
the practical application of the digital and navigated surgical workflows identified in
the literature. The case was selected because it met predefined methodological criteria:
(1) complete preoperative imaging and digital planning data, (2) use of a fully guided or
navigation-assisted implant placement workflow, (3) documentation of prosthetic design
and fabrication, and (4) availability of long-term follow-up. The case report presented
here was originally included among the clinical studies identified in the systematic review;
however, we provide an updated 7-year follow-up to further support the evidence on
long-term implant survival, peri-implant stability, and high patient satisfaction associ-
ated with dynamically guided craniofacial implant placement for auricular rehabilitation.
All diagnostic and operative steps followed standard institutional protocols, including
Cone-Beam Computed Tomography (CBCT) imaging, 3D facial scanning, digital mirroring
of the contralateral auricle, virtual planning of implant positioning, and execution of a
minimally invasive flapless procedure using a dynamic navigation system. Prosthetic
rehabilitation was carried out through an entirely digital workflow based on optical scan-
ning and CAD/CAM design. Ethical approval and patient consent were obtained prior to
treatment. A detailed clinical description is provided in Section 3.
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3. Results
3.1. Literature Synthesis

A total of 32 clinical studies met the inclusion criteria and were analyzed. The studies
were published between 2005 and 2025 and collectively present a broad spectrum of clinical
scenarios involving osseointegrated craniofacial implants for auricular prosthetic reha-
bilitation. Most reports were retrospective case series, prospective observational studies,
or detailed clinical case reports, reflecting the relative scarcity of large-scale prospective
research in this field. A summary table of the various outcomes reported in the included
studies has been provided as Table 1.

3.1.1. Implant Outcomes

Across the entire body of evidence, implants exhibited consistently high stability
and durable long-term performance, independent of surgical technique, retention de-
sign or the complexity of the reconstructive scenario. The reliability of the mastoid as
an anchorage site was particularly evident in auricular-only cohorts such as those de-
scribed by Wright et al. (2008) [62] and Aydin et al. (2008) [63], both of which reported
complete or near-complete osseointegration without implant failures. Similar outcomes
were reflected in various case reports (Gumieiro et al. 2009 [47]; Shrestha et al. 2015 [46];
Arshad et al. 2018 [50]; Ozturk et al. 2010 [52] and Dilber et al. 2013 [51]), with each docu-
menting stable unilateral or bilateral fixtures with no loss of integration. Larger multisite
series reinforced these findings: Leonardi et al. (2008) [64] observed successful integration
in all auricular cases examined, while Pekkan et al. (2011) [61] emphasized the consis-
tently favorable bone architecture of the mastoid region. Long-term observational data
from Tzortzis et al. (2015) [66] and Balik et al. (2016) [67] further confirmed the robust-
ness of implant survival over extended follow-up periods. The more recent literature
from 2020 to 2025 aligns seamlessly with these earlier trends. Ajay et al. (2025) [39] re-
ported complete osseointegration of two digitally guided implants within three months
and no biological complications, while Hovhannisyan et al. (2025) [69] documented 100%
survival in staged placements, noting only a transient Holgers 2 reaction. Additional
contemporary evidence further reinforces this consistency. Notably, stable bilateral os-
seointegration in severe burn trauma was reported by Rostamzadeh et al. (2025) [40],
while Abi Zeid Daou et al. (2025) [41] documented complication-free immediate loading.
Prakash et al. (2022) [42] likewise achieved full osseointegration under local anesthesia and
Pellegrino et al. (2021) [43] reported excellent outcomes using virtual planning combined
with navigated flapless surgery. Likewise, Pruthi et al. (2020) [54] confirmed complete
implant survival in their retrospective series and Domingue et al. (2020) [44] described
uneventful integration within four months when using a digital workflow. Overall, the
body of evidence indicates that high implant stability is achievable across digital, hybrid,
analog, and even immediate-loading approaches. Failures remain uncommon and tend to
occur primarily in cases involving previously irradiated or structurally compromised bone.
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Table 1. Synthesis of the 32 articles included in the review.
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. Comparison with
Au:{E::s * g:::g\ Nf,l;nﬁl;irt:f l\iumr;}):;t:f Type of Implant P;;::::;is V\}Zr Il’:;lziv Implant Outcomes Prosthetic Outcomes Other Rehabilitation Follow Up
Strategies
. Excellent retention and
Digital Work.flow for Silicone . stability with bar-supported
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Surgical Guide and soft tissues remained - .
. (Factor II, function; easy hygiene
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Assefs ment of Hovhannisvan obsef va- retained Straumann Medical- basi d =100%; one patient No episodes of prosthesis Adhesive-retained 3 years.
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Auricular Prostheses tive }s)tu d patients length) mo delir% reaction around two satisfaction. occasional skin approxi-
y included in for g implants, solved with irritation and a mately
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Bilateral Brand not specified . i
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a Patient with etal., 2025 Case report 1 4 (2x side) diameter fn 4 grade Analog 100%; No peri-implant soft-tissue irritation due to No comparison 12 months
. - [40] Silicone inflammation improved ventilation
Fire-related Missing 3.75 mm threaded - hich patient
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satisfaction
Esthetical satisfaction;
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loaded, 2 & s no skin breakdown,
Loading for an 2025 [41] ¢ implants (IET4) Silicone . 4 no complications affecting
covered) stable healing despite

Auricular Prosthesis

immediate loading
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Usine Implant Software etal., 2020 Case report 1 4 (3 mm diameter X grade Digital corresponded precisely attachments; high patient No comparison (not clearl
witthong—Beam [44] 4 mm length) Silicone to the planned positions,  satisfaction, particularly Lantifie d)),
Computed Tomography aided by the 3D-printed ~ with esthetics and comfort; !

and 3D-Printed Surgical
Guides: A Case Report

guide; soft tissues
healed uneventfully;
stability maintained
through follow-up

no maintenance
complications except routine
hygiene
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Table 1. Cont.
. Comparison with
Authors + Study Number of  Number of Type of Implant Prosthesis Type of Implant Outcomes Prosthetic Outcomes Other Rehabilitation ~ Follow Up
Year Design Patients Implants Material Workflow Strategies
Comparison with
autologous
reconstruction:
Autologous
reconstruction
® requires multistage
@ ﬁndopore Implant survival rate: surgery, donor-site
nnova, : ;35 :
Canada) 100%; Esthetically pleasing in all g:;r?cljllg; ag;dﬁ];l;gh Follow-up :
12 implants implant success rate: early postoperative cases; re%erre d irrl) oun, er rotocol
(5 x 5 mm) . 90% (18/20 successfully  prosthesis lifespan: average prel younge protocot
Retrospective Study of Lead - 7 traditional functional); 2.5 years before needing patients or thos_e with Day 3, Day
Treat t Out @ eader Silicone analog fail / b’ doned i t lications: adequate soft tissue. 7,6 months,
reatment Outeomes Tixos? RTV workflows +  felures/abandoned - replacement; complications: joypjan retined  Annually
Auricular Prosthesesat  2020[54] | case sories | © 20 (Short sificone - asinglecase P loced too far (bar-and-clip cases); ) Prostheses preferred - thereafter
a Tertiary Referral Care 6 implants (Factor II, using froIrJn inte}:)nded silicone disc%loratio,n when dealing with Duration:
Center (5 x 5 mm) USA) dlglta.l 3D prosthesis margins; (2) (7 cases); patient acceptance: scarring, trauma or Minimum
@ %s, sstzm 15 planning one implant with 87.5%; no bar fractures; no patient refusal of 5 years,
dltrawide recurrent soft-tissue implant loss; no acrylic zlgriergr?sfnpxistim maximum
: inflammation (Holgers substructure fractures P . 12 years
2 implants D) adhesive-retained
(5 X 6 mm) prosthesis: Adhesive
prostheses show
limited retention,
poor orientation,
marginal tearing and
difficulty with oily
skin.
(1)  Medicon A_urlcular 1mplan_ts had Patients with auricular Comparison with
implant high overall survival rostheses reported high autologous
system (implant loss rate in the }s)atis faction cP())nsis tentgwi th reconstruction: Patients
99 total (45 patients) full sample = 10%, with the global ciataset; retention Pros?hetic solution is were
Prosthetic Supply of patients in @ ranemark Hybrid (CT Ez:—eirrf;;ice?tr:;i:;e‘ was primarily magnetic fgg:;?j‘:iﬁaliss zilet}ivrvnee‘i
5 . . s 7 0,
Facial Defects: Papaspyrou Retrospective the study, system Medical- planning + skin redness (~32% of (>80% of prostheses used autolozous er vear
Long-term Experience etal., 2018 pe 53 treated 53 (37 patients)  grade prosthetic . o magnet attachments), sOUS. per year,
. case series . 3) Leibinger e patients); . 1 . reconstruction; with
and Retrospective [55] with ( g Silicone analog o o/, providing stable fixation and . .
Analysis on 99 Patients auricular system workflow) itching (~17%); easy daily management; avoids donor-site follow-up
rosthesis (12 patients) burning sensation oud esthetic into ratio;1 morbidity and extending
P 4) Straumann (~8%); no cases of gvith realistic colo?an d ’ multi-stage surgery; up to
system osteoradionecrosis or contour; no major prosthetic preferred in scarred 10 years.

(1 patient)

deep infections were
reported

failures were reported.

or surgically
compromised tissues
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Table 1. Cont.
. Comparison with
Authors + Stu.d y Num.ber of Number of Type of Implant Prosthe.sm Type of Implant Outcomes Prosthetic Outcomes Other Rehabilitation Follow Up
Year Design Patients Implants Material Workflow Strategies
Patient-reported satisfaction
(Likert 1-5):
- Overall satisfaction:
Nobel Biocare Implant failure: 4.63 .
Osseointegrated Branemark Svstem 2 implants failed (3.2%); - Stability: 4.42
Prosthetic Ear A ALK O’ . infection: 0; - Comfort: 4.00 Short-term
Lo garwal . Mk IIT TiUnite Medical- 7. L - Ease of use: 1.18 .
Reconstruction in Cases Retrospective R hematoma: 0; bleeding: ; . to mid-term
of Skin Malignancy: etal., 2018 Case series 21 63 375 x7 mm), ] g'ra'lde Analog 0: (lower = easier) No comparison (not clearly
Technique, Outcomes, [0l fochlcziar VlStail.X Silicone d’elayed healing: 3 cases ~ ~ Self-consciousness quantified)
and Patient Satisfaction 45;:mor; generation, (14.3%); granulation without prosthesis:
tissue: 1 case (4.8%) f;g/ with prosthesis:
- Preoperative
education: 4.04
Combining Virtual
Isriigalga}sggggmg, Magnetically Successful
Navi }a)tion and Weissler Cochlear Vistafix retained osseointegration of all Excellent esthetic and
3.Di rrglensio}l 1 Printin. etal., 2017 Case report 1 4 VXI300 implants custom Digital implants with no functional result with high ; No comparison ~2 years
in Prosthetic-Based g [45] 3 mm and 4 mm silicone ear failures or patient satisfaction
Bila te(.‘)rsal If/ﬁccroet]is: prostheses complications
Reconstruction
R - 0 implant failures;
TIXOS te(;;)rr;ra ture osseointegration
8 patients laser-sintered lp . achieved in 100% of Foll .
Implant-retained . included titanium implants ~ *o- o AN8 implants; . oLow-up:
mplant-retaine include itanium implants implants;
. Arora et al., Retrospective L. k silicone . . . good retention, stable . 18-54 months
Auricular Prostheses: A . (9 eligible; 1 27 (Leader Italia, Analog 2 implant sites with . . . . No comparison
. 2016 [57] Case series - (RTV function, patient satisfaction. (mean
Clinical Challenge lost to Milan, Italy); i Holgers grade 21 ths)
follow-up) diameter: 5 mm; ls\;[g;ne, 2 inflammation; months
length: 5-7 mm no infections, no
4-4210) ' T
implant mobility
Total Auricular Hybrid Implant survival: 100%;  High satisfaction with 36-54 month:
Rehabilitation: . . . (hybrid osseointegration:100%; cosmetics and function; onths
- . Littlefield . . g Medical- . o - . after
Combined Cosmetic Retrospective 2-3 per Cochlear Vistafix surgical + All iliac crest bone no prosthesis detachment; . .
. etal., 2015 . 3 . grade . A d e No comparison auricular
and Functional Lateral Case series patients System 3 o prosthetic grafts survived; no no implant mobility; .
T [58] Silicone A prosthesis
emporal Bone analog significant bone good long-term color and 1
. . . placement
Reconstruction workflow) resorption over 3 years retention
Implant survival: 100%; Excellent retention;
Prosthodontic Flanged fixture Medical- suc}Zessful ’ ”  prosthesis stable during 2 vears with
Rehabilitation of Shrestha SEC 002-0 Entific grade - . chewing and yawning; no Y
. . . 1+ osseointegration; no . s . 3-month
Congenital Auricular etal., 2015 Case report 1 2 Medical Systems, silicone analog O S dislodgement; silicone No comparison
.. p mobility; no infection; . . recall
Defect: A Clinical [46] Sweden (4 mm MDX-4- ki ft healed well: discoloration after 1 year; int 1
Report length) 4210 skin gratt healed wetl; good esthetics and patient mtervals

no peri-implantitis

satisfaction

https:/ /doi.org/10.3390/app16031192


https://doi.org/10.3390/app16031192

QoL improvement

Appl. Sci. 2026, 16, 1192 12 of 28
Table 1. Cont.
. Comparison with
Authors + Stu.d y Num.ber of Number of Type of Implant Prosthe.sm Type of Implant Outcomes Prosthetic Outcomes Other Rehabilitation Follow Up
Year Design Patients Implants Material Workflow Strategies
No implant failures;
0 wound-healing All patients completely
problems; satisfied;
successful excellent esthetic outcome;
Osseointegrated . osseointegration in all prostheses stable during 5 months—
: X . . . (Probably) Medical- ) . P .
Implants in Patients Mevio etal.,,  Retrospective 15 30 implants Cochlear Vistafix rade Analo patients after 6 weeks; daily activities, including No comparison 2 years
with Auricular Defects: 2015 [59] case series (2x patient) 4 mm length §ilicone s no peri-implant exercise; P (mixed
A Case Series Study & infection, granulation, clip-bar system provided follow-up)
or mobility; secure retention;
SF-12 score improved no prosthetic fractures;
significantly from TOto ~ hygiene manageable
T1
Most implants well
Osseointegrated integrated except two
Implants for Auricular Exact Medical- patients: (1) bilateral Described qualitatively as
Defects: Operative Rocke etal,,  Retrospective 16 number not Cochlear™ rade Analo implant loss due to excellent cosmetic results in No comparison Range
Techniques and 2014 [60] case series retrieved Vistafix® (VXI) §ilicone s osteoradionecrosis; (2) most cases; strong emphasis p 3-27 months
Complication inadequate bone stock on symmetry
Management requiring staged
calvarial bone graft
Comparison with
adhesive-retained
Extraoral Prostheses Pekkan . 3 patients Straumann Medical- Implant survival:100%; Stablevrefen.tlon; predictable prosthesis: 1mpl§nt .
. Retrospective  using 6 Extraoral Implants . . esthetics; minor prostheses superior to  Range:
Using Extraoral etal., 2011 - . . - grade Analog one patient with Grade - s :
Implants [61] case series auricular (2x patient)  (EO implants) ailicone 1 Holgers silicone/acrylic interface adhesive prostheses 21-24 months
p prosthesis (3.3 mm X 4mm) & issues for retention,
durability, hygiene,
satisfaction
Bone-anchored
Tltar_uum [mplants for Gumieiro Master~Extra:1, Medical- . Good hygiene, healthy soft
Auricular Conexao, Sao No implant loss; stable X . .
e etal., 2009 Case report 1 3 . grade Analog . . tissues, excellent retention No comparison 12 months
Rehabilitation: Case . Paulo, Brazil 1 osseointegration . . )
R . [47] silicone and patient satisfaction
eport and Review of (3.75 x 4 mm)
Literature
Osseointegrated . g . o -
Implants and Auricular ~ Wrightetal,  Retrospective Branemark/Vistafix  Medical- 100 A)'survwal, . High satisfaction; stable . 6-204 months
. . . 16 39 (3.75 x 3 mm or grade Analog occasional soft-tissue . . No comparison (mean
Defects: A Case Series 2008 [62] case series 4mm) ailicone inflammation margins/retention 45 months)
Study
Comparison with
Implant-retained 100% implant success adheswe_-l.‘etamed. 6-36
. . 1 . prosthesis: Adhesives  months
Auricular Prostheses: Straumann rate; 1 implant buried L boor retention (twice in
An Assessment of Aydinetal,  Prospective Silicone (non-failure); Stable but limited longevity p Qe X
I ) 10 29 Extraoral (EO) . Analog . . poor durability first
mplant Success and 2008 [63] case series implants (Cosmesil) mild-moderate (color and margin issues) Implants — 6 months
Prosthetic P soft-tissue reactions, P . 4
. . . predictable retention,  then every
Complications mostly in burn patients ;
hygiene, support, 6 months)
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Table 1. Cont.
. Comparison with
Authors + Stu.d y Num.ber of Number of Type of Implant Prosthe.sm Type of Implant Outcomes Prosthetic Outcomes Other Rehabilitation Follow Up
Year Design Patients Implants Material Workflow Strategies
Comparison with
adhesive-retained
prosthesis:
Implant-retained
. . prostheses provide
Eﬁgiissufﬂﬁular implants Good esthetics and comfort; superior stability,
Maxillofacial Prosthetic ~ Leonardi Ret i Not Medical- int y ted: stable retention when esthetics, hygiene and Not
Rehabilitation Using et al., 2008 CHOSPECUVE 51 © Brand not specified ~ grade Analog osseomntegrated; implants succeeded; overall comfort. o
) case series reported e occasional failures in . - . . . specified
Extraoral Implants [64] Silicone - X high psychological benefit; Adhesive-retained
medically compromised 1 . h
atients ongevity approx. 2 years prostheses, by
p contrast, are prone to
discoloration, poor
marginal adaptation,
and frequent skin
irritation
%r Zr:;:elzr?tlj g ecific 79 implants placed, 86%  High prosthesis viability
Outcomes wl:; th Sandelski Retrospective Prior Generation Medical- survival; (93% of patients successfully Mean
Osseointegrated etal., 2025 Cohort 24 70 Vistafix + Vistafix 3 ~ grade Analog failures more common rehabilitated); only 2 No comparison follow-up:
Irrslselgntseii aALelricular [70] Study (Cochlear) silicone with prior radiationand  patients (7.4%) unable to use 23 months
NaPs’al and Orbital ’ surgically altered bone prosthesis
Osseointegrated
Implant-retained . .
Auricular Prosthesis 4fi Platinum- All 4 implants Excellent esthetics and Reported
. . ixtures cured osseointegrated . - .
Constructed Using Domingue, laced: 3 ilicon fully: patient satisfaction; strong short-term
Cone-Beam Computed Glennetal,  Casereport 1 praced; Vistafix implants sticone Digital successtuly; retention with Super-Snap No comparison follow-up
T ) used for (2186Fast, no implant failures or . -
omography and a 2020 [48] . . . attachments; comfortable fit; only (weeks
. . retention Factor II adverse biological .
Prosthetically Driven Inc) complications reported stable long-term function to months)
Digital Workflow: A ’ '
Case Report
Bilateral Auricular
gizggis;l;zcil;z dWIth Excellent esthetics and
Im lant—regtaine d Martinez Vistafix® 4 x 4 Medical- 100% osseointegration; retention; excellent
Pr(f’stheses Plazaetal, Case report 1 6 (3x side) 1S ta X mm grade Digital 1 soft-tissue overgrowth  symmetry due to digital No comparison 24 months
o timizati.on of 2019 [49] system Silicone requiring minor surgery  planning; no pressure
A}e)sthetic Outcomes lesions; no decubitus lesions
Using Virtual Planning
Hybrid Comparison with
analog adhesive-retained
workflow hesis: Tmplant
Rehabilitation of an Arshad Medical- (radio- o . L Excellent esthetics; stable prosthesis: Implan
. . Straumann ITI . 100% osseointegration; S . prostheses superior to  Not
Auricular Defect Using etal., 2018 Case report 1 2 grade graphic + o retention; good daily . .
Surei (3.3 x 5.5 mm) e ; no complications . adhesive prostheses specified
urgical Stent [50] Silicone surgical function P ;
or retention,
zt%lt’u ided durability, hygiene,
gLud satisfaction
positioning)
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Table 1. Cont.
. Comparison with
Authors + Stu.d y Num.ber of Number of Type of Implant Prosthe.sm Type of Implant Outcomes Prosthetic Outcomes Other Rehabilitation Follow Up
Year Design Patients Implants Material Workflow Strategies
Bone-Anchored No implant failures; no
Titanium Implants in Cochlear Medical- wounihealin ' High satisfaction; stable
Patients with Auricular Mevio etal.,,  Retrospective Not Bone-Anchored d Anal licati g | 1 & P e N . 6 months to
focts: Three Ye 2016 [65 X 27 d luti AB grade nalog complications; complete ong-term function; no 0 comparison
Defects: Three Years 016 [65] case series reporte: Solutions AB, Sili . . hetic fail 3 years
and 27 Patients’ Sweden ilicone ossgomtegratlon ) prosthetic failures
Experience achieved in all patients
Comparison with
baha implants:
A Ten-Year Review of Sui?z?vﬁ?fgi:fé?el failure Higher skin reactions Minimum:
Soft Tissue Reactions Tzortzis Retrospective Not Vistafix auricular Medical- 4% a dul%s 8% children: Successful prosthesis use in in BAHA; Auricular 2 vears .
Around Percutaneous etal., 2015 Case SE ries 131 reported implant system grade Analog so(;t-tissue’ re:ctions ’ most cases; stable long-term  implants have lower M};ximum-
Titanium Implants for [66] P (Cochlear™) Silicone b function adverse skin ’
Auricular Prosthesis common but mostly reactions; Implant 14 years
mild -
loss lower in
auricular group
Soft Tissue Response 13 of the 30 implants Titanium Grade 4, Medical- Failures: 1 patient lost No prosthesis failures
and Survival of Balik et al., Retrospective  total using used for SLA surface rade Analo im. lant-s dEe to trauma: reported; Soft-tissue No comparison 60 months
Extraoral Implants: A 2016 [67] Case series auricular auricular (Sandblasted and gilicone s Sugcess rate: ~92-97 ’ complications mostly mild p (5 years)
Long-Term Follow-up. prosthesis prosthesis acid-etched) n ° (Holgers 0-2 most frequent)
EO implant Excellent esthetics; Stable
Craniofacial Institu}t)Stra,u mann Medical- 100% osseointegration; retention with bar-clip
implant-retained Dilber et al., Case report 1 3 AG. Basel grade Analo No biological or system; No comparison Not
auricular prosthesis: A 2013 [51] P Swi/tzerlarl1 d (4 mm silicone & mechanical good adaptation to defect; P specified
case report. length) elastomer complications patient satisfied with
8 appearance
EO implant Excellent esthetics; stable
Implant-Retained Ozturk InstituI;)Stra;J mann Medical- 100% osseointegration; retention with bar-clip
Auricular Prosthesis: A etal., 2010 Case report 1 4 (2x side) AG, Basel, 8r a'lde Analog No blOl(.)glcal or system; . No comparison Not .
Case Report 152] Switzerland (4 mm silicone mechanical good adaptation to defect; specified
p length) elastomer complications patient satisfied with
& appearance
Stable retention and good
Clinical Evaluation of a 100% survival; no peri-implant soft tissue 12-30
Newly Designed Khamis Pilot 21 OsteoCare Implant Medical- mobility; healthy soft health; months
Single-Stage etal., 2008 prospective 7 (3x patients)  System (5 x SIinm) grade Analog tissues; minor abutment  sebaceous crusting gradually =~ No comparison (mean
Craniofacial Implant: A [68] case series P th silicone loosening in 2/7 improved; inflammation ~21 months)
Pilot Study patients mostly mild and
self-limiting.
Auricular Rehabilitation
by Means of Bone MasterExtra® High stability (ISQ
Grafting From The Iliac Dib et al 4 (3 active orous EO Medical- 74-79), no failures, no Excellent esthetics; stable
Crest in Combination 2007 [52]" Case report 1 1 backu )’ ?m lant grade Analog soft-tis/sue ’ retention; minor silicone No comparison 12 months
ith Porous Extraora i ilicone [ iscoloration with heat
With Porous E 1 - P pants Sili discoloration with h
(3.75 x 5 mm) complications
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3.1.2. Prosthesis Outcomes

Esthetic and functional outcomes were consistently excellent across all studies, inde-
pendent of whether prostheses were produced through traditional sculpting or fully digital
workflows. Patients in the series by Agarwal et al. (2018) [56], Wright et al. (2008) [62],
Aydin et al. (2008) [63], and Mevio et al. (2015) [59] reported high satisfaction with
comfort, natural appearance, and secure retention, with Mevio et al. (2016) [65] further
documenting measurable improvements in quality-of-life scores. Similar impressions
emerged from case reports by Gumieiro et al. (2009) [47], Shrestha et al. (2015) [46],
Arshad et al. (2018) [50], Ozturk et al. (2010) [52], and Dilber et al. (2013) [51], each
describing prostheses that blended naturally with surrounding tissues and maintained
stable function even in complex traumatic or congenital defects. Larger multi-site stud-
ies echoed these findings, with Leonardi et al. (2008) [64] highlighting excellent long-
term adherence in auricular cases. Digital approaches added an additional layer of
esthetic precision. Weissler et al. (2017) [45] achieved remarkably natural contours us-
ing mirrored 3D anatomy, while Domingue et al. (2020) [44] produced highly accu-
rate silicone prostheses through a combined CBCT, optical scanning, and 3D-printing
workflow. Martinez Plaza et al. (2019) [49] likewise proved excellent anthropomet-
ric harmony in bilateral microtia by optimizing virtual ear positioning. More re-
cent studies further confirmed these favorable outcomes: Ajay et al. (2025) [39] re-
ported outstanding symmetry and retention using CAD/CAM-generated molds and
Hovhannisyan et al. (2025) [69] reported better performance of implant retention over ad-
hesives. Rostamzadeh et al. (2025) [40] produced highly natural bilateral results using con-
ventional fabrication, while Abi Zeid Daou et al. (2025) [41] successfully delivered a final
prosthesis intraoperatively within an “ear-in-a-day” workflow. Prakash et al. (2022) [42]
achieved excellent hygiene and esthetics through a custom bar-and-clip system and
Pellegrino et al. (2021) [43] obtained a precisely adapted prosthesis by leveraging mirrored
digital anatomy. In addition, Pruthi et al. (2020) [54] reported satisfaction rates exceed-
ing 85% and predictable prosthesis longevity, while Domingue, Glenn et al. (2020) [48]
confirmed excellent fit and comfort using integrated CBCT and digital scans. Taken to-
gether, these findings show that implant-retained auricular prostheses reliably provide
high-quality esthetics, durable retention, and strong patient satisfaction across both analog
and advanced digital workflows.

3.1.3. Long-Term Performance and Maintenance

Long-term follow-up data consistently indicate that, while osseointegrated cranio-
facial implants show high survival and biological stability over extended periods, the
silicone auricular prosthesis itself requires periodic maintenance and replacement. Several
authors have explicitly reported that material-related degradation, including discoloration,
marginal tearing, and loss of adaptation, represents the most frequent long-term prosthetic
complication. In a large retrospective series, Pruthi et al. [54] reported that refabrication
of the silicone prosthesis was generally required after approximately 1.5 to 2 years due
to progressive material deterioration, despite stable implant integration and satisfactory
peri-implant soft tissue conditions. Similar observations emerge from long-term cohort
studies. Papaspyrou et al. [55], in their retrospective analysis of 99 patients rehabilitated
with facial prostheses, described regular outpatient follow-up visits (two to four per year)
and reported that prosthetic maintenance and replacement constituted a routine component
of long-term care, even in the absence of implant failure. Extended follow-up data further
confirm that biological complications tend to remain limited and manageable over time,
whereas prosthetic-related issues are more frequent. In a ten-year review of 131 auricular
prostheses, Tzortzis et al. [66] reported postoperative follow-up periods ranging from
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2 to 14 years, with skin reactions generally mild and reversible, while prosthetic use and
maintenance remained ongoing requirements throughout the observation period. Com-
plex reconstructions involving extensive soft tissue and bony defects show comparable
trends. In cases of total auricular rehabilitation with combined reconstructive approaches,
Littlefield et al., 2015 [58] reported stable long-term implant support with continued pros-
thesis use over follow-up periods of up to 54 months, emphasizing the need for sustained
prosthetic care rather than implant-related revisions. Collectively, these findings highlight
that long-term success of implant-retained auricular rehabilitation depends not only on
implant survival but also on structured follow-up protocols addressing routine prosthesis
maintenance and periodic refabrication.

3.1.4. Patient-Reported Outcomes

Patient satisfaction and quality-of-life outcomes were reported across all included
studies, although assessed using different approaches. Overall, auricular implant rehabili-
tation was consistently associated with high levels of patient satisfaction, particularly with
regard to prosthesis stability, ease of daily management and esthetic outcome. Most studies
described patient satisfaction qualitatively, reporting good acceptance of the prosthesis,
improved comfort compared with adhesive-retained solutions, and positive psychosocial
impact. A subset of studies employed structured or quantitative patient-reported outcome
measures. Mevio et al. in both the 2015 and 2016 study [59,65] assessed quality of life using
the validated SF-12 questionnaire and showed a statistically significant improvement in
quality-of-life scores following auricular rehabilitation. Agarwal et al. (2018) [56] evaluated
patient satisfaction using a structured Likert-scale questionnaire covering multiple domains,
including comfort, stability, esthetics, and self-consciousness, and reported consistently
high satisfaction scores. Papaspyrou et al. (2018) [55] retrospectively classified patient
satisfaction using predefined categories, while Pruthi et al. (2020) [54] reported a long-term
patient acceptance rate of 87.5% based on continued prosthesis use and compliance. Despite
the heterogeneity of assessment methods, all studies reported favorable patient perception
of implant-retained auricular prostheses, indicating high overall satisfaction with both
functional handling and esthetic integration.

3.1.5. Different Workflows: Where Are the Differences?

The combined evidence reveals three complementary workflow philosophies: traditional,
digital, and hybrid, whereby all are capable of producing reliable auricular rehabilitation.

The comparison of different workflows emerging from the studies included should
be interpreted descriptively, as the available evidence does not allow direct or quantita-
tive comparisons between traditional, hybrid, and digital approaches. Traditional analog
workflows (Rostamzadeh et al., 2025 [40]; Gumieiro et al., 2009 [47]; Arshad et al., 2018 [50]
and Ozturk et al., 2010 [52]) used manual impressions, hand-sculpted wax patterns, and con-
ventional prosthetic fabrication, providing dependable esthetic outcomes when executed
meticulously. Hybrid workflows, such as those described by Hovhannisyan et al. (2025) [69],
Prakash et al. (2022) [42] and Pruthi et al. (2020) [54], combined digital elements (CT planning
or CAD-designed bars) with traditional prosthetic artistry, maintaining a balance between
digital accuracy and manual refinement. Fully digital workflows (Ajay et al., 2025 [39];
Pellegrino et al., 2021 [43]; Domingue et al., 2020 [44]; Weissler et al., 2017 [45]; Martinez
Plaza et al., 2019 [49]) represented the most technologically advanced approach. These
protocols integrated CBCT-based virtual planning, mirrored anatomical modeling, surgical
navigation, flapless placement, and 3D printing of molds, surgical guides or prosthetic
elements. Digital workflows consistently achieved the highest level of precision, repro-
ducibility, and prosthetic adaptation, particularly in anatomically complex or bilateral cases.
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Taken together, the literature shows that all three workflows (traditional, hybrid, and digital)
can achieve stable and successful auricular rehabilitation. Digital pathways generally offer
superior planning accuracy and workflow efficiency; however, traditional and hybrid ap-
proaches remain equally dependable when performed by experienced teams, underscoring
the robustness of auricular implant protocols across diverse technological settings.

3.1.6. Complications

Complications across all included studies were consistently low in frequency, mild in
severity, and highly manageable, confirming the overall safety of implant-retained auricular
rehabilitation. Auricular-specific cohorts, including Wright et al., 2008 [62] and both Mevio’s
studies (2015 and 2016) [59,65], reported no implant failures and only rare soft-tissue issues,
with peri-implant tissues remaining stable throughout follow-up. Aydin et al. (2008) [63]
and Pruthi et al. (2020) [54] similarly observed mostly minor Holgers 1-2 reactions, typ-
ically presenting as transient redness or slight granulation and none of these episodes
progressed to deeper infection or threatened fixture stability. In mixed craniofacial co-
horts, more pronounced complications (such as soft-tissue overgrowth, peri-abutment
inflammation, or isolated infection) were generally confined to patients with irradiated or
surgically compromised bone, a finding particularly emphasized by Rocke et al. (2014) [60].
Even in these cases, conservative measures or minor revision were typically sufficient and
prosthesis use was rarely affected thanks to redundancy of fixtures and stable surround-
ing implants. Digital case series echoed this pattern: Martinez Plaza et al. (2019) [49]
reported a single episode of peri-implant hyperplasia resolved through limited soft-tissue
correction, while Domingue et al. (2020) [44] documented early soft-tissue swelling that
subsided after replacing the healing abutment with a taller component. The newly added
literature from 2020 to 2025 showed similarly reassuring profiles. Ajay et al. (2025) [39],
Rostamzadeh et al. (2025) [40], Pellegrino et al. (2021) [43], and Prakash et al. (2022) [42]
reported no biological complications, even in complex anatomical or traumatic contexts.
Hovhannisyan et al. (2025) [69] noted a single Holgers 2 reaction that resolved with routine
care, while Abi Zeid Daou et al. (2025) [41] encountered only a minor magnet misalignment
in their accelerated “ear-in-a-day” workflow. Pruthi et al. (2020) [54] described occasional
mild inflammation and one drilling deviation, neither of which impacted long-term os-
seointegration. Overall, the cumulative evidence clearly indicates that implant-retained
auricular rehabilitation has an excellent safety profile, with complications that are predom-
inantly minor, reversible, and rarely disruptive to either implant stability or prosthetic
function. This consistency across analog, digital, hybrid, and immediate-loading workflows
underscores the robustness and clinical reliability of the technique.

3.1.7. Limitations

The interpretation of the present findings must consider several limitations inherent
to the available literature on implant-retained auricular prosthetic rehabilitation. Most
included studies were retrospective case series or case reports, lacking control groups,
standardized methodologies, and consistent long-term follow-up. This predominance
of low-level evidence introduces risks of selection and reporting bias and restricts the
generalizability of outcomes beyond highly specialized centers. As a consequence, the
findings of this review should be interpreted as descriptive and hypothesis-generating
rather than confirmatory.

A further challenge arises from the marked heterogeneity among studies. Patient
populations varied widely, from congenital microtia to oncologic or traumatic defects, each
presenting different anatomical and biological conditions that influence implant survival
and prosthetic success. Surgical protocols also differed substantially, encompassing one-
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stage, two-stage, freehand, flapless, and digitally guided techniques, often without precise
stratification. Similar variability was observed in prosthetic workflows, ranging from fully
analog approaches to advanced digital or hybrid systems, making direct comparisons
difficult and precluding meta-analytic synthesis. As a result, no definitive statements
regarding the comparative effectiveness of different workflows can be supported. Outcome
definitions were not uniform across studies and objective quantitative metrics were often
absent. Follow-up durations ranged from a few months to more than a decade, further
complicating the interpretation of long-term performance and maintenance requirements.
Technological evolution over the study period also limits comparability: earlier works relied
solely on analog methods and older implant designs, while more recent studies integrate
CBCT-based planning, CAD/CAM frameworks, surgical navigation, and improved silicone
materials. This temporal variability acts as a confounder, making it difficult to isolate the
effect of technique from broader technological progress. Finally, evidence for specific
subgroups (such as pediatric patients, irradiated fields or bilateral reconstructions) remains
sparse, preventing firm conclusions for these more complex clinical scenarios. Overall, these
limitations underscore the need for prospective, multicenter studies with standardized
protocols, validated outcome measures, and longer follow-up to strengthen the evidence
base and refine clinical recommendations.

3.2. Case Report

A 26-year-old male patient affected by right-sided hemifacial microsomia (Pruzansky
type II) with complete agenesis of the right auricle was treated in 2019 at the Maxillo-
facial Surgery Unit of S. Orsola Hospital, Bologna. Following multidisciplinary evalua-
tion, implant-retained prosthetic rehabilitation was selected as the definitive treatment
option [43].

3.2.1. Digital Planning and Workflow

A cone-beam CT scan (VGi, NewTom, Verona, Italy) was obtained while the patient
wore a customized intraoral marker plate containing fiducial markers for navigation calibra-
tion. Simultaneously, a 3D surface scan of the face (SLS3, David Vision System, Amsterdam,
The Netherlands) was acquired to record soft-tissue morphology. The healthy contralateral
ear was digitally mirrored and superimposed onto the defect side to simulate the missing
auricle. DICOM (CBCT) and STL (surface scan) datasets were integrated using anatomical
landmarks (glabella, nasal apex, alar base) and refined with an iterative closest-point (ICP)
algorithm to achieve precise alignment between skeletal and soft-tissue models. The re-
sulting composite dataset allowed accurate identification of optimal implant sites based on
bone availability and the projected prosthetic volume.

3.2.2. Surgical Procedure

The procedure was performed under local anesthesia without intravenous or oral
sedation. After calibration of the dynamic navigation system (ImplaNav, BresMedical,
Sydney, Australia), the marker plate was repositioned on the maxillary teeth and con-
nected to the patient reference tool. The handpiece reference was calibrated in front of the
navigation camera, enabling real-time, dynamically guided osteotomy preparation. No
soft-tissue flap was raised. Osteotomies were prepared transcutaneously using a 2 mm
lance drill followed by conical drills according to the manufacturer’s protocol. Two hybrid
craniofacial implants (4 x 8.5 mm; MSc-IBT, Southern Implants, Irene, South Africa) were
placed in the mastoid bone following the prosthetically driven plan, leaving the coronal
machined portion extraosseous to allow transcutaneous bar connection. Hemostasis was
obtained without the need for sutures. Postoperative healing was uneventful, with min-
imal discomfort and swelling reported by the patient. After a 3-month healing period,
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the implants were exposed. During uncovering, digital impressions were taken using an
intraoral scanner (CEREC Omnicam, Dentsply Sirona, York, PA, USA) combined with a
laser facial scan, enabling precise superimposition of implant positions with the patient’s
facial morphology.

3.2.3. Prosthetic Rehabilitation

A custom titanium retention bar was digitally designed to accommodate three clips for
optimal stress distribution and hygiene access, maintaining at least 2 mm of clearance from
the skin. The bar and substructure were fabricated via selective laser melting (Ti6 Al4V). The
transcutaneous cylinders were coated with dental ceramic to reduce bacterial colonization.
A medical-grade silicone auricular prosthesis (ETR 4750, Biesterfield, UK) was fabricated
based on the printed auricular model. Pigmented silicone layers were applied to reproduce
the patient’s skin color and texture. The prosthesis was retained on the titanium bar using
mechanical clips (SO-line, New Ancorvis, Italy).

3.2.4. Six-Year Follow-Up

At the six-year follow-up, the patient reported continuous daily prosthesis use and full
satisfaction with comfort and retention. Stability remained consistent during mastication,
speech, and facial movements, with no episodes of loosening or detachment. Clinical
examination revealed healthy peri-implant skin, well-adapted margins, and good hygiene,
with no erythema, hypertrophy, ulceration or discharge. Palpation and visual inspection
confirmed the absence of tenderness or signs of inflammation, indicating long-term soft-
tissue stability. The titanium bar and clip-retention system were mechanically intact,
showing no screw loosening, corrosion or component fatigue. Overall, the findings of this
clinical case showed excellent long-term integration of the implants and supported the
biological reliability and durability of the navigated flapless approach (Figure 6).

Figure 6. Clinical view of the implant framework and surrounding soft tissues at the six-year
follow-up.

A new cone-beam CT scan confirmed complete osseointegration of both implants,
with no radiolucency or peri-implant bone loss. The implant heads remained flush with
the skin surface, maintaining stable transcutaneous emergence (Figure 7).

The silicone auricular prosthesis maintained accurate external contours and stable
retention (Figure 8). However, progressive color fading, surface wear, and decreased
elasticity were noted, particularly along anterior and superior margins exposed to sunlight.
Mild surface roughness was also evident, consistent with long-term silicone aging. These
changes were attributed to ultraviolet exposure, temperature fluctuations, and repetitive
mechanical cleaning. Despite the esthetic deterioration, functional retention remained
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satisfactory. Nevertheless, the degree of material fatigue and surface degradation justified
replacement of the silicone prosthesis to restore optimal esthetics, hygiene, and mechanical
performance. The replacement process will reuse the existing digital design and implant
framework, minimizing patient morbidity and laboratory time while reestablishing the
original esthetic outcome.

Figure 7. CBCT view of the implants at the six-year follow-up.

Figure 8. Prosthesis at the six-year follow-up.
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4. Discussion
4.1. Principal Findings

This systematic review supports the view that implant-supported auricular prosthetic
rehabilitation remains a highly reliable and predictable treatment modality, characterized
by excellent implant survival, favorable soft-tissue tolerance, and consistently strong es-
thetic and functional outcomes. Across a twenty-year span and a diverse range of clinical
scenarios (including congenital, traumatic, and oncologic defects), osseointegration in
the mastoid region proved uniformly stable, independent of surgical protocol, prosthetic
workflow, or retention system. The collective findings of this review confirm that the mas-
toid continues to represent an ideal anchorage site and that implant-supported prostheses
provide superior retention and esthetic integration compared with adhesive alternatives.

4.2. Comparison with Existing Literature

The results of the present review are broadly consistent with the established evi-
dence base for auricular prosthetic rehabilitation. Early foundational literature, such as the
overview by Sharma et al. (2012) [71], already emphasized the high predictability of mastoid
osseointegration and the clear advantages of implant retention in terms of comfort, hy-
giene, and prosthetic stability. Their review also underscored the pivotal role of soft-tissue
management in long-term success, an aspect that remains central in the current synthesis
where most reported complications were minor peri-abutment reactions easily resolved
with conservative measures. Subsequent work through the 2010s further reinforced these
themes. Datarkar et al. (2017) [72] highlighted the equivalence of various retention mech-
anisms (bar—clip, magnetic, ball-and-socket) when paired with meticulous hygiene and
tissue maintenance, concluding that biological stability is determined more by peri-implant
care than by the choice of attachment system. More recent studies have provided larger and
more methodologically structured clinical cohorts. Notably, Vijverberg et al. (2019) [73]
reported a 100% implant survival rate over an average 2.7-year follow-up, accompanied
by positive patient-reported outcomes and a manageable incidence of soft-tissue reactions.
Their findings closely mirror those of our included studies and further substantiate the
durability and safety of contemporary craniofacial implant systems. Together, these com-
parisons prove strong convergence between the present review and the broader literature:
implant survival remains exceptionally high across decades, soft-tissue complications are
generally mild and reversible, and implant-retained prostheses consistently outperform
adhesive alternatives in stability, comfort, and esthetics.

4.3. Evolution and Clinical Implications of Workflow Selection

Over the past decade, auricular implant rehabilitation has been characterized by a
progressive diversification of surgical and prosthetic workflows, ranging from traditional
analog approaches to hybrid and fully digital, navigation-assisted protocols.

Earlier literature referenced digital tools only in exploratory terms, but contemporary ev-
idence, including the technologically focused systematic review by Tanveer et al. (2023) [20],
documents the widespread adoption of CBCT-based planning, mirrored anatomy, CAD/CAM
frameworks, and 3D-printed surgical guides, which have been associated with improved
planning accuracy, reproducibility, and prosthetic symmetry. The present review confirms
these benefits, particularly in digitally guided implant placement and prosthesis design.
However, the data also show that analog and hybrid workflows can achieve comparably
strong clinical outcomes in experienced hands. Importantly, the heterogeneity of study
designs, outcome measures, and follow-up durations prevents robust comparative con-
clusions regarding the relative effectiveness of different workflows. Within this context,
workflow selection in clinical practice should be guided not by technological sophistication
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alone, but by a combination of anatomical complexity, defect characteristics, patient-related
factors, resource availability, and organizational considerations. Digital and navigation-
assisted workflows may be particularly advantageous in complex or bilateral defects, in
cases requiring high symmetry or minimally invasive approaches, whereas traditional and
hybrid protocols remain reliable and widely applicable options in settings with limited
access to advanced technologies or straightforward anatomical conditions. In this frame-
work, the presented long-term navigation-guided clinical case should be interpreted as
an illustrative application of a fully digital workflow rather than as evidence of superi-
ority. Its six-year follow-up complements the review findings by extending the temporal
observation of digital protocols and by showing long-term implant stability and expected
prosthetic maintenance, thereby reinforcing a central conclusion of the literature: successful
auricular implant rehabilitation depends primarily on sound surgical principles, careful
soft-tissue management, and structured long-term follow-up, rather than on the degree of
digital sophistication.

4.4. Connection Between the Systematic Review and the Clinical Case

The systematic review highlights that digital and navigation-assisted workflows for
auricular implant rehabilitation are predominantly documented through case reports
and small case series, with follow-up periods generally limited to the short or medium
term. Across the included studies, digitally assisted protocols were mainly evaluated in
terms of planning accuracy, feasibility, and early clinical outcomes, while data on long-
term biological and prosthetic stability remain limited. In this context, the presented
navigation-guided clinical case should be interpreted as a complementary illustration
rather than confirmatory evidence. With a six-year follow-up, the case extends the temporal
observation window reported in most digital workflow studies included in the review
and provides insight into long-term peri-implant tissue behavior, implant stability, and
prosthetic maintenance within a fully digital approach. Notably, the need for prosthesis
replacement due to material-related degradation observed at long-term follow-up mirrors
findings reported in long-term observational studies included in the review, reinforcing
that prosthetic refabrication represents an expected aspect of long-term management rather
than a complication.

4.5. General Complications

Complication rates across the included studies were low and predominantly limited to
mild soft-tissue reactions, reflecting the biological robustness of craniofacial implants. This
pattern mirrors earlier findings from Sharma et al. (2012) [71], Datarkar et al. (2017) [72],
and Vijverberg et al. (2019) [73], all of whom reported rare implant losses and soft-tissue
complications that were generally reversible and non-threatening to long-term osseointe-
gration. The convergence of evidence supports the view that biological stability is reliably
maintained when patients adhere to hygiene protocols and when peri-implant tissues are
handled carefully during surgery. However, a different risk profile has been reported in
patients with a history of radiotherapy, in whom compromised vascularity and reduced
healing capacity may increase the incidence of implant failure and soft-tissue complications.
In these cases, careful patient selection, adapted surgical protocols, and closer long-term
follow-up are recommended to mitigate biological risks.

4.6. Economic and Organizational Considerations

Economic and organizational aspects represent important determinants in the selection
of surgical and prosthetic workflows. Fully digital and navigation-assisted approaches are
generally associated with higher initial investment costs related to hardware acquisition,
software licensing, and staff training. As reported by several authors, CAD/CAM-based
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workflows require dedicated software, advanced imaging, and additive manufacturing
resources, which contribute to higher initial procedural and infrastructural costs compared
with conventional analog techniques [39]. Similarly, navigation-assisted implant placement
has been described as a technically demanding approach requiring additional equipment,
preoperative imaging, and operator training, potentially increasing initial intervention-
related costs [43]. Conversely, long-term observational studies based on analog workflows
have highlighted the cumulative organizational and economic burden associated with
repeated follow-up visits, prosthetic adjustments, and periodic replacement of silicone
prostheses due to material aging [42]. Although these approaches require lower initial
investment, authors have emphasized that maintenance-related aspects may significantly
influence long-term costs and clinical workload. At the same time, digital and navigation-
guided approaches may reduce intraoperative uncertainty, remakes, and adjustments
over time, potentially offsetting the higher initial investment in selected clinical scenarios.
Despite these considerations, robust comparative cost-effectiveness analyses are currently
lacking, and the available literature does not allow definitive conclusions regarding the
overall economic balance of different workflows. Future studies specifically designed to
assess costs, accessibility, and organizational burden are therefore warranted.

4.7. Evolution of Craniofacial Implant Design and Surfaces

Given the 20-year time span covered by the present review, changes in craniofacial
implant design and surface characteristics should be considered when interpreting the re-
ported clinical outcomes. Early clinical studies predominantly employed machined-surface
implants with limited surface roughness, while more recent investigations increasingly
report the use of moderately roughened or surface-treated implants designed to enhance
primary stability and osseointegration. Over time, refinements in implant macro-design,
thread geometry, and surface characteristics have been introduced, with the aim of im-
proving bone-to-implant contact, particularly in anatomically challenging or compromised
craniofacial sites such as the mastoid region. These technological advancements may have
contributed to the consistently high implant survival rates reported in more recent cohorts,
independently of the surgical workflow adopted. As a consequence, comparisons across
studies conducted in different time periods should be interpreted with caution, as improve-
ments in implant technology may act as a confounding factor when evaluating clinical
outcomes attributed to surgical technique or prosthetic workflow. Although the present re-
view did not aim to compare specific implant systems or surface treatments, acknowledging
this evolution is essential to provide a balanced interpretation of the available evidence.

4.8. Limitations of the Evidence Base

Despite the strength of clinical outcomes, the quality of available evidence remains
limited. Consistent with observations by Sharma et al. (2012) [71] and more recently by
Tanveer et al. (2023) [20], the literature is dominated by retrospective case series, small
cohorts, and heterogeneous methodologies, which represent low levels of clinical evidence
and inherently limit the possibility of drawing strong or comparative conclusions. Ad-
ditionally, differences in implant systems, surface characteristics, retention designs, and
prosthetic materials across decades introduce substantial variability. The rapid techno-
logical development from purely analog workflows to advanced digital platforms further
complicates cross-study comparison.

4.9. Clinical Implications and Future Directions

Overall, the findings of this systematic review reaffirm that implant-supported au-
ricular prostheses represent a highly effective, esthetically acceptable, and durable reha-
bilitative option for patients with external ear defects. The increasing adoption of digital
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workflows has contributed to improved accuracy in planning and execution, as well as
more streamlined clinical and laboratory procedures. Nevertheless, conventional and
hybrid approaches continue to provide predictable outcomes when performed by experi-
enced and well-coordinated clinical teams. To further strengthen the available evidence,
future research should focus on prospective multicenter studies, the use of standardized
definitions for implant and prosthetic outcomes, uniform reporting of complications, and
extended follow-up periods. In this context, comparative investigations assessing digital
versus analog workflows, particularly in terms of clinical efficiency, costs, patient-reported
outcomes, and peri-implant tissue health, appear warranted. As digital technologies con-
tinue to evolve, advanced solutions such as robotic-assisted surgery may represent a logical
extension of precision-guided approaches, potentially offering enhanced control during
implant placement in anatomically complex or prosthetically demanding cases.

5. Conclusions

Implant-supported auricular prostheses show consistently high implant survival, ex-
cellent esthetic outcomes, and low complication rates across traditional, hybrid, and digital
workflows. Digital technologies enhance precision and workflow efficiency, but experi-
enced teams continue to achieve reliable results with analog techniques. Future prospective,
standardized, and multicenter studies are needed to clarify the relative advantages of
emerging digital systems and improve long-term evidence quality.
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