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AIM:Craniofacial disorders are complex and debilitating conditions that require personalized treatment approaches. Various technologies
in the field of bioprinting have developed into promising methods for the production of patient-specific implants for the aforementioned
disorders. This review evaluates the ability of the bioprinting methods used to produce patient-specific implants for improved patient
outcomes.
METHODS: A comprehensive search strategy was designed to gather pertinent research from databases of PubMed, Scopus, Web of
science, Cochrane Library, Embase, ProQuest and Science Direct, published till July 2024. The search approach was developed by
mixing Boolean operators, Medical Subject Heading (MeSH) terms, and free-form terms to guarantee an exhaustive and accurate search.
RESULTS: After a thorough screening process for duplicates and compliance with eligibility criteria, seven studies met our exacting
inclusion criteria, out of the initial 312 studies. The collective findings of the studies demonstrated the efficacy and feasibility of bio-
printing techniques in creating patient-specific implants for craniofacial disorders. The studies were grouped into three categories based
on their similarities and dissimilarities, highlighting the high success rates and low complication rates of bioprinting techniques in cran-
iofacial reconstruction, the feasibility and effectiveness of bioprinting techniques in specific craniofacial applications, and the use of
custom-made implants as a successful treatment option. Majority (five out of seven) reporting a 100% success rate, minor complication
rates averaging less than 5%, and patient satisfaction rates over 90% across a range of craniofacial applications, the reviewed studies
collectively showed the excellent efficacy of bioprinting techniques.
CONCLUSIONS: The synthesised evidence from the seven studies included for the review concluded that bioprinting methods were
efficient in producing custom or individual specific implants for craniofacial disabilities. Though the results are promising, multicentric,
prospective studies are needed to validate long term outcomes.

Keywords: bioprinting techniques; patient-specific implants; craniofacial disorders; craniofacial reconstruction; 3D printing; personal-
ized medicine

Introduction

Craniofacial reconstruction is a field in which significant
improvements have been made, especially in the treatment
of birth deformities and injuries. These are among those
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craniofacial ailments that present a number of challenges
to patients, healthcare providers, and researchers alike [1].
Such repairs regularly require complex surgeries and may
significantly affect the quality of life for the patient in terms
of both the structural aspects involved in the problem being
corrected and the aesthetic components [2,3].

Custom implants created using conventional techniques as
moulding and carving have been rather important in tradi-
tional surgical approaches for craniofacial reconstruction.
Although these techniques seek to reproduce the complex
anatomy of the face and skull, they have many restric-
tions. Because of their manual character, these proce-
dures are labour-intensive and prone to mistakes, which fre-
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Table 1. Inclusion and exclusion criteria.
Parameters Inclusion criteria Exclusion criteria

Study design Original research articles, case series, and
case reports

Review articles, editorials, commentaries,
and conference abstracts

Population Individuals with craniofacial disorders Healthy individuals, animal studies
Exposure Bioprinting techniques used to create

patient-specific implants
Other treatment modalities, non-bioprinted

implants
Outcome Implant success rates, patient satisfaction,

aesthetic outcomes, and complication rates
Non-clinical outcomes, laboratory studies

Language No language restrictions
Publication date From inception till July 2024

quently results in implants that need several corrections af-
ter surgery due to poor fit, therefore extending the recovery
durations and producing less than ideal cosmetic results [3].
This has resulted in the development of customized im-
plants, which provide individual solutions for each partic-
ular patient’s needs [4]. However, the conventional tech-
niques for implant-making by moulding and carving can-
not accurately reproduce the intricate anatomy of the face
or skull. These traditional methods are not only labour-
intensive and error-prone but also time-consuming because
they are dependent on manual modelling and creation of
prototypes. The conventional implants may not fit well,
and this may involve a lot of surgical revisions; thus, un-
satisfactory outcomes may result [5,6].
Advances in computer-aided design and production have
paved the way for 3D printed implants, which have become
a realistic alternative to restore the facial bone tissues. Re-
search has shown promising results; for instance, a multi-
center study highlighted the effectiveness of 3D printed im-
plants in jaw repair [6–8]. Similarly, a case study demon-
strated high success rates in correcting facial bone anoma-
lies with the use of 3D printed implants. Recent technolog-
ical advancements have significantly improved the ability
to manufacture personalised implants [9].
However, challenges remain with titanium implants due to
its varying tensile strength and flexibility. Additionally, as-
sessing the bond between the implant and bone, as well as
identifying any issues in the facial region, can be difficult
when titanium shavings are present [10]. To address these
challenges, scientists have developed stronger, more dis-
tinctive glass-ceramic materials for bone grafting and re-
pair. These substances facilitate bonding between the im-
plant and bone tissues for better integration.
Bioprinting also holds vast promise for use in craniofacial
reconstruction for aesthetic improvement, to avoid compli-
cations, and to have good functionality. This is because
bioprinting implants that match the actual structure of one’s
body can improve facial function and features. Moreover,
bioprinting can provide personalized models before surgery
to enable healthcare providers to work out the best out-
comes with less time-wasting processes [11–13].

Despite the promising future that bioprinting holds for the
repair of craniofacial defects, very few in-depth researches
on its safety and efficacy have been undertaken, especially
in human studies. This paper aims to report in detail on
the present body of knowledge related to the production of
customized implants for craniofacial defects through bio-
printing.

Methods
Eligibility Criteria
We developed the Population, Exposure, Comparator,
Outcome (PECO) protocol for our examination, adher-
ing to the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) guidelines for re-
porting to guarantee a thorough and clear search approach
(Supplementary Material) [14]. The Population (P) sec-
tion was dedicated to people suffering from craniofacial
conditions, such as craniosynostosis and injuries to the
craniomaxillofacial area. The Exposure (E) section was fo-
cused on the various bioprinting methods employed to pro-
duce implants tailored to each patient, including 3D print-
ing, additive manufacturing, and rapid prototyping. This
exposure was selected to assess the success of bioprinting
methods in addressing craniofacial conditions. The Com-
parator (C) section was not relevant for this study, as the
emphasis was on the success of bioprinting in producing
patient-specific implants alone, rather than a comparison
with other treatment options. TheOutcome (O) section cov-
ered a variety of results, including but not limited to the suc-
cess of implants, patient satisfaction, the appearance of the
results, and the occurrence of complications. Table 1 com-
prises of the inclusion and exclusion criteria that we utilised
for this review.

Database Search Strategy
To ensure that all relevant literature was sought, an exhaus-
tive research strategy was developed in order to search for
literature in seven databases. These databases included:
the PubMed database, the Scopus database, the Web of
Science database, the Cochrane Library database, the Em-
base database, the ProQuest database, and the Science Di-
rect database, and the queries were customized for each
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Table 2. Search strings used for the review.
Database Keywords

PubMed ((“bioprinting”[MeSH] OR “3D printing”[MeSH] OR “additive manufacturing”[MeSH])
AND (“craniofacial disorders”[MeSH] OR “craniosynostosis”[MeSH] OR “craniomax-
illofacial trauma”[MeSH])) AND (“implants”[MeSH] OR “patient-specific”[MeSH] OR
“customized implants”[MeSH])

Scopus (TITLE-ABS-KEY(“bioprinting” OR “3D printing” OR “additive manufacturing” OR
“rapid prototyping”) AND TITLE-ABS-KEY(“craniofacial disorders” OR “craniosynos-
tosis” OR “craniomaxillofacial trauma” OR “congenital anomalies”)) AND TITLE-ABS-
KEY(“implants” OR “patient-specific” OR “customized implants” OR “craniofacial im-
plants”)

Web of Science (TS=(“bioprinting” OR “3D printing” OR “additive manufacturing” OR “rapid prototyp-
ing”) AND TS=(“craniofacial disorders” OR “craniosynostosis” OR “craniomaxillofacial
trauma” OR “congenital anomalies”)) AND TS=(“implants” OR “patient-specific” OR
“customized implants” OR “craniofacial implants”)

Cochrane Library (“bioprinting” OR “3D printing” OR “additive manufacturing” OR “rapid prototyping”)
AND (“craniofacial disorders” OR “craniosynostosis” OR “craniomaxillofacial trauma”
OR “congenital anomalies”) AND (“implants” OR “patient-specific” OR “customized im-
plants” OR “craniofacial implants”)

Embase ((“bioprinting”/exp OR “3D printing”/exp OR “additive manufacturing”/exp OR
“rapid prototyping”/exp) AND (“craniofacial disorders”/exp OR “craniosynostosis”/exp
OR “craniomaxillofacial trauma”/exp OR “congenital anomalies”/exp)) AND (“im-
plants”/exp OR “patient-specific”/exp OR “customized implants”/exp OR “craniofacial
implants”/exp)

ProQuest ((“bioprinting” OR “3D printing” OR “additive manufacturing” OR “rapid prototyping”)
AND (“craniofacial disorders” OR “craniosynostosis” OR “craniomaxillofacial trauma”
OR “congenital anomalies”)) AND (“implants” OR “patient-specific” OR “customized
implants” OR “craniofacial implants”)

ScienceDirect (TITLE-ABS-KEY(“bioprinting” OR “3D printing” OR “additive manufacturing” OR
“rapid prototyping”) AND TITLE-ABS-KEY(“craniofacial disorders” OR “craniosynos-
tosis” OR “craniomaxillofacial trauma” OR “congenital anomalies”)) AND TITLE-ABS-
KEY(“implants” OR “patient-specific” OR “customized implants” OR “craniofacial im-
plants”)

MeSH, Medical Subject Heading; TS, Topic Search.

database’s unique search capabilities and indexing method
(Table 2).

Variables Extraction Strategy

The protocol for extracting relevant information from the
selected studies was carefully crafted to ensure a systematic
approach. Two reviewers worked independently to gather
data using a previously tested data extraction form. The in-
formation chosen for extraction included details about the
study, such as the author, year of publication, the num-
ber of participants; information about the patients, details
about the treatment, including the bioprinting method, the
material used for implants, and the design of the implants;
measures of success, including the rates of implant success,
satisfaction among patients, the appearance of the results,
and the rates of complications; and information about the
follow-up period, including how long the follow-up lasted
and when the outcomes were assessed. The reviewers ap-
plied a consistent method to extract the data from the stud-

ies, and any differences in their assessments were discussed
and agreed upon. The data that were extracted were then
entered into a spreadsheet for additional analysis.

Bias Assessment Protocol
The process of evaluating potential biases across the se-
lected studies was carried out using the Risk of Bias in Non-
randomized Studies of Interventions (ROBINS-I) tool [15],
which is a detailed tool designed to evaluate the risk of bias
in studies that do not use randomization. Each trial included
in the reviewwas independently assessed for the risk of bias
by two reviewers. Discrepancies in their evaluation were
discussed and a consensus reached.

Results
PRISMA Protocol Implementation
To start, 312 records were found in databases, but nonewere
found in the registers. After the removal of 46 duplicated
records, the search resulted in 266 screened records. Of
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Fig. 1. Description of the different stages of article selection process for the review. PECO, Population, Exposure, Comparator,
Outcome.
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these, 38 were excluded due to full-text unavailability, leav-
ing 228 records sought for retrieval. Of those, 22 could not
be retrieved, resulting in 206 reports assessed for eligibil-
ity. After looking over them, 56 reports were not included
because they didn’t meet the PECO criteria, 48were consid-
ered not relevant, 34 were reviews to see what was needed,
and 61 were studies on animals. In the end, only 7 studies
[16–22] fit the requirements and were added to the review,
as shown in Fig. 1.

Bias Levels Evaluated

Fig. 2 shows the bias domain evaluation across the included
trials [16–22]. Overall, the reported risk of bias was low as
seen in 5 out of 7 studies. The studies of da Silva Júnior
et al. [17], Kim DH et al. [18], Kim YC et al. [19], Lee
et al. [20] and Scerrati et al. [22] showed low risk of bias.
Moderate risk of bias was seen in Csámer et al. [16] and
Park et al. [21].

Demographic Variables Assessed

Table 3 lists the included trials [16–22] and their observed
inferences. 52 patients with a mean age of 40.2 years (SD
± 13.41) and a male-to-female ratio of 2.46 were included
in the study conducted by Csámer et al. [16]. While Kim
DH et al. [18] examined 20 patients, 20% of whom were
female and 80% of whom were male, with a mean age of

34.95 years (SD: 11.96), da Silva Júnior et al. [17] included
16 patients with major cranial abnormalities. Kim YC et
al. [19] reported ten cases consisting of seven males and
three females. The average age was 47 years (range 19–65
years). Lee et al. [20] studied ten patients. Their aver-
age age was 34.8 years. Nine females and one male were
included. Park et al [21] noted an average patient age of
28.6 years (range 8–62 years). Scerrati et al. [22] studied
seven patients. Their average duration of follow-up was six
months.

Implant Characteristics and Outcomes Assessed
Csámer et al. [16] reported mean implant volume and sur-
face area of 52.19 cm3 (SD ± 27.37) and 218.8 cm2 (SD
± 91.04), respectively. Csámer et al. [16] performed 54
cranioplasties with a 100% success rate, including 34 post-
stroke, 4 after tumor removal, and 16 after traumatic brain
injury. da Silva Júnior et al. [17] used implants with
varying thicknesses, ranging from 0.2 cm to 2.8 cm, and
achieved a 100% success rate in all 16 patients. Kim DH
et al. [18] utilized Polycaprolactone (PCL) mesh with spe-
cific properties, such as a line width of 500 µm and 50%
porosity, and reported a 100% success rate in 20 patients
undergoing septoplasty. Kim YC et al. [19] developed a
PCL/Bioactive Glass Ceramic-7 (BGS-7) composite with
biomineralization properties and achieved a 100% success

Fig. 2. Bias domains evaluated across the included trials.
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Table 3. Studies included in the review and their observed inferences.
Author ID Year Patient demographics Implant characteris-

tics
Procedure outcomes Technique success

rate
Advantages Complications Overall inference drawn

Csámer et
al. [16]

2023 52 patients, Male-to-
female ratio: 2.46,
mean age: 40.2 years
(SD ± 13.41)

Mean implant vol-
ume: 52.19 cm3

(SD ± 27.37), mean
implant surface area:
218.8 cm2 (SD ±
91.04)

54 cranioplasties
performed, 34 post-
stroke, 4 after tumour
removal, 16 after
traumatic brain injury

100% success rate, no
macroscopical gaps
observed

Reliable, safe, and
easily reproducible
method, low-cost
technique, allows for
precise fitting and
customization

2 patients had bi-
lateral implants; 2
patients required
re-implantation due to
wound infections

Bioprinting techniques can
create patient-specific im-
plants with high success
rates and low complication
rates for craniofacial disor-
ders.

da Silva
Júnior et
al. [17]

2021 16 patients with large
cranial defects

Implant thickness: 0.2
cm (most cases), 0.3
cm (1 case), 0.4 cm (1
case), and 2.8 cm (1
case)

100% success rate, all
16 patients underwent
successful customized
cranioplasty

100% success rate,
no complications
observed

High patient satis-
faction (93.75%),
reduced surgical time,
improved accuracy

None reported Bioprinting techniques can
achieve high patient satis-
faction and reduced surgi-
cal time in craniofacial re-
construction.

Kim DH
et al. [18]

2018 20 patients, 20%
female, 80% male,
mean age: 34.95 years
(SD: 11.96)

PCL mesh with line
width of 500 µm, in-
terconnected triangu-
lar pores, and 50%
porosity

20 patients underwent
septoplasty using 3D
printed PCL mesh

Not reported Not reported None reported Bioprinting techniques
can create patient-specific
implants with precise
fitting and customization
for nasal septal deviations.

KimYC et
al. [19]

2022 10 patients, 7 males,
3 females, mean age:
47 years (range 19–65
years)

PCL/BGS-7 compos-
ite, average particle
size: 2.1 ± 0.2 mm,
biomineralization
properties in SBF
soaking tests

100% success rate, no
wound breakdown,
allergic responses,
hematoma, seroma,
implant displacement,
or reoperation

100% Patient-specific im-
plants with high
accuracy, promotes
bone fusion, low
complication rate

1 patient developed a
palatal fistula

Bioprinting techniques can
create patient-specific im-
plants with high success
rates and low complication
rates for craniofacial dis-
orders, promoting bone fu-
sion and restoring facial
symmetry.

Lee et al.
[20]

2020 10 patients, 1 male,
9 females, mean age:
34.8 years

BGS-7 bioceramic,
fused deposition mod-
eling (FDM), high
strength-to-weight
ratio

100% fusion rate at
6 months, average
fusion rate: 76.97%
(SD: 11.36)

100% High accuracy rate,
good cosmetic results,
low complication rate

0% complication rate Bioprinting techniques
can create patient-specific
zygoma implants with
high accuracy and cos-
metic success rates, and
a low complication rate,
achieving good bone
2016 fusion and aesthetic
satisfaction.
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Table 3. Continued.
Author ID Year Patient demographics Implant characteris-

tics
Procedure outcomes Technique success

rate
Advantages Complications Overall inference drawn

Park et al.
[21]

2016 21 patients, mean
age 28.6 years (8–62
years)

Custom-made 3D tita-
nium implants, mean
surface area 18,036
mm2 (12,146–24,980
mm2)

No surgical complica-
tions, mean operation
time 115.7 minutes

High success rate (no
complications directly
related to operation)

Custom-made im-
plants for skull
defects, high porosity
and reduced density

1 patient with swelling
and redness, 1 patient
with scalp erosion

Custom-made 3D titanium
implants are a successful
treatment option for cran-
iofacial disorders.

Scerrati et
al. [22]

2022 7 patients, mean
follow-up 6 months

PMMA (Cranioplastic
by Codman), 3 mm
thickness, created us-
ing 3D printed sili-
cone mould

100% success rate,
good cosmetic results,
mean surgical time 80
minutes

100% success rate, no
complications

High accuracy, short
surgical and produc-
tion times, affordable
costs

0% complication rate 3D bioprinting techniques
are effective and feasi-
ble for creating patient-
specific cranioplasties.

PCL, Polycaprolactone; BGS-7, Bioactive Glass Ceramic-7; SBF, Simulated Body Fluid; PMMA, Polymethyl Methacrylate.
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rate with no complications. Lee et al. [20] used BGS-7 bio-
ceramic implants fabricated via fused deposition modeling,
resulting in a 100% fusion rate at 6 months. Park et al. [21]
employed custom-made 3D titanium implants with a mean
surface area of 18,036 mm2 and reported no surgical com-
plications with a mean operation time of 115.7 minutes.

Results Observed
Csámer et al. [16] achieved a 100% success rate, but with
two patients requiring re-implantation due to wound infec-
tions. da Silva Júnior et al. [17] reported a 100% success
rate with no complications observed, emphasizing the high
patient satisfaction (93.75%) and reduced surgical time.
Kim YC et al. [19] and Lee et al. [20] reported a 100%
positive outcome with no untoward effects directly related
to the operation. However, 1 patient in Kim YC et al. [19]
developed a palatal fistula. The study of Park et al. [21] re-
ported 1 patient with swelling and redness and another with
scalp erosion. Scerrati et al. [22] achieved a high success
rate with no complications, emphasizing the high accuracy
and low complication rate of their custom-made implants.

Discussion
The general conclusion that can be made from the seven
research’ combined findings [16–22] is that bioprinting
methods are practical and successful in producing patient-
specific implants for craniofacial abnormalities. On the
other hand, a more thorough examination shows that the
research can be divided into three groups according to their
similarities and differences.
Group 1: Craniofacial Reconstruction With High Success
and Low Complications—Includes studies [16,18–20] with
a 100% success rate and negligible complications, showcas-
ing the efficacy of bioprinting in producing precise, patient-
specific implants. The studies [16,18–20] that fall into the
first category are comparable in that they report high suc-
cess rates and low complication rates when using bioprint-
ing techniques for craniofacial reconstruction. While Kim
YC et al. [19] and Lee et al. [20] reported high accuracy
rates and good cosmetic results, Csámer et al. [16] and Kim
DH et al. [18] reported 100% success rates with no prob-
lems. These studies demonstrate that bioprinting methods
are effective in producing customised implants for patients
with craniofacial abnormalities.
Group 2: Viability and Efficiency of Specific Applica-
tions—The research in the second category [17,21] are dif-
ferent from the ones in the first category in that they con-
centrate on the viability and efficiency of bioprinting meth-
ods in certain craniofacial applications. A 100% success
rate in craniofacial reconstruction was reported by da Silva
Júnior et al. [17], and patient-specific cranioplasties may
be created using 3D bioprinting techniques, as shown by
Park et al. [21]. These examples represent the utilization
of bioprinting methods for the wide range of craniofacial
deformities.

Group 3: Advanced Materials and Custom Implants—
Scerrati et al. [22], which distinguishes itself from the other
included papers by emphasising the use of 3D titanium im-
plants customised for craniofacial abnormalities, falls into
the third group. This study highlights the possibility of
custom-made implants as an effective treatment option by
reporting a high success rate without any problems.
The research differed in that they examined different uses
of bioprinting techniques; some [16–20] concentrated on
various craniofacial applications, while others [21,22] in-
vestigated its usage in skull defect reconstruction via cran-
ioplasty. Furthermore, several methods and materials were
used in the trials, including 3D titanium implants [21],
PCL/BGS-7 composite [19], and PCL mesh [18].
The burgeoning field of craniofacial bone tissue engineer-
ing has been hampered by various limitations, thereby fu-
elling interest in the development of 3D bioprinted cranio-
facial bone implants [23–25]. This is a new field of research
in which scaffold materials, growth factors, and stem cells
are used judiciously to engineer functional bone tissue. Al-
though the terms 3D printing and 3D bioprinting are used as
synonymous, they differ in their approach to the creation of
complex tissue structures [26]. The printing of living cells,
a subcategory of 3D bioprinting, can be performed by either
the use of inert scaffolds or dense cell printing without scaf-
folds. There exists numerous studies that accentuates the
ability of three-dimensional bioprinting in revolutionizing
the field of craniofacial bone tissue engineering [27–29].
Bioprinting can reduce the cost considerably in craniofa-
cial reconstruction and alsomake surgeriesmore accessible.
Bioprinting removes the need for numerous operations and
lowers the manufacturing time and costs associated with
traditional prosthetic fabrication by enabling the direct cre-
ation of precise, patient-specific implants from digital mod-
els. By decentralising implant production and possibly en-
abling local manufacturing capabilities in hospitals or clin-
ics, this technology can increase access to specialised treat-
ments for a larger population, particularly in underserved
areas. Bioprinting could therefore promote broader adop-
tion of individualised healthcare solutions and democratise
cutting-edge medical treatments.
The advantages to the patients of 3D bioprinted craniofacial
bones, whether due to trauma or congenital defects that re-
quire augmentation, are multifaceted. Computer-aided de-
sign can facilitate the creation of implants that precisely
match the patient’s anatomy and ensure optimal implant-
bone contact [30]. However, despite the promise that 3D
bioprinting holds, it is still in its infancy. One of the sig-
nificant challenges in 3D bioprinting of craniofacial bone
tissue engineering is the development and identification of
suitable biocompatible materials that can support the func-
tion and growth of craniofacial tissues [31].
Craniofacial skeletal development is very complex. These
processes involve the interaction between the lineages of
cells arising from the somites, mesenchyme, and the neural
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crest [32]. One of the main focuses in three-dimensional
bioprinting is the production of bone tissue. This pro-
cess includes the differentiation of mesenchymal tissue to
mineralized bones. The scaffold plays a crucial role in
successful bone formation, and therefore, efforts are fo-
cused on developing feasible methods of fabrication [33].
Traditional methods of bone tissue engineering, such as
leaching, foaming, or freeze-drying, lack the precision re-
quired to produce accurate bone shapes and sizes. In con-
trast, Computer-Aided Design/Computer-Aided Manufac-
turing (CAD/CAM), controlled by computer software, of-
fers precise control over the topology and interconnectivity
of pores, which is essential for the 3D bioprinting of cran-
iofacial bones [34].
An overview of 3D printing techniques for dental and max-
illofacial applications was presented by Kouhi et al. [35],
who investigated the use of additive manufacturing in these
fields. However, the same research highlighted the benefit
of additivemanufacturing regarding the reduction of the op-
erating time. On the other hand, our review highlights the
clinical translation of additive manufacturing into patient-
specific craniofacial implants with measurable surgical out-
comes.
In order to explore the potential of bioprinting for tissue
engineering applications, Charbe et al. [36] investigated
the use of 3D bioprinting for craniofacial tissue regenera-
tion. Their study included the drawbacks of conventional
surgical techniques as well as the necessity for creative al-
ternatives in the field of craniofacial reconstruction. On the
other hand, our review focuses on documented clinical out-
comes, emphasising the direct impact of bioprinting on sur-
gical success rates and patient satisfaction in craniofacial
reconstruction.
In their investigation into bone tissue engineering for cran-
iofacial reconstruction, Shen et al. [37] looked at the possi-
bilities of bioprinting and 3D printing for bone tissue engi-
neering uses. The significance of creating novel materials
and technologies to increase precision and lower expenses
was covered in their study. On the other hand, our re-
view emphasises the importance of individualised implant
design, demonstrating that patient-specific bioprinted so-
lutions consistently yield high success rates across diverse
craniofacial indications.
The possibility of bioprinting for craniofacial osseous de-
fects was examined by Datta et al. [38], who also dis-
cussed the future possibilities of 3D printing and bioprint-
ing in the domains of craniofacial reconstruction and other
areas. Their work made clear how much more research and
development are required to fully realise the potential of
bioprinting and 3D printing in sectors other than craniofa-
cial repair. On the other hand, our review underscores the
necessity of multidisciplinary collaboration, demonstrating
that coordinated efforts between clinicians, engineers, and
researchers are essential to achieving safe, effective, and
patient-centred craniofacial reconstruction. [39–41].

Certain demographic variations could have also influenced
the review outcome. Because of physiological and anatom-
ical changes, age and gender greatly affect craniofacial re-
construction results [42,43]. Because of their increased
bone density and regenerative qualities, younger patients
usually show better integration of bioprinted implants and
healing of their bones. On the other hand, slower heal-
ing processes may present difficulties for elderly persons.
The design and integration of implants are also impacted
by gender-specific anatomical variations and hormonal fac-
tors, such as the impact of oestrogen on bone metabolism,
which call for tailored strategies to maximise surgical suc-
cess and patient satisfaction.
Despite the high setup and material costs, bioprinting tech-
nology saves money over time by reducing the need for
repeated operations and implant waste. Unlike traditional
implants, which frequently require revision surgeries, cus-
tomised bioprinted implants fit perfectly the first time. Ad-
ditionally, the logistical expenses related to implant manu-
facturing and storage may be reduced if implants are pro-
duced at the point of service. High patient satisfaction is
also reported with this technology, which may be attributed
to enhanced aesthetic and functional outcomes that closely
resemble the patient’s original anatomy.
We recognize that our findings should be interpreted within
the framework of several limitations. Our review’s depen-
dence on a limited number of studies might not fully capture
the breadth of research on bioprinting techniques for cran-
iofacial reconstruction. Moreover, the diversity in study
methodologies and outcomemeasures could introduce vari-
ability in the results. In addition, a lack of long-term follow-
up data and the relatively small sample sizes in some studies
could limit the generalizability of our results.
Also, though bioprinting has transformative potential for
craniofacial restoration, there are drawbacks to the method,
especially with regard to the materials’ biocompatibility
[44,45]. Long-term success may be hampered by current
bioprinting materials’ propensity to trigger immunological
reactions or to not blend in perfectly with natural tissues.
Additionally, the biomechanical properties of the manufac-
tured implants might not accurately represent the natural
properties of the bone tissue. To ensure positive outcomes
in terms of functionality, research in the future should in-
volve the invention of new materials that improve biocom-
patibility. Additionally, the new materials should function
according to intelligent technologies for the successful im-
plementation of the implants.
Based on the results of our study, wewould recommend that
further research should focus on the standardization of the
bioprinting methodologies and outcome measures, which
would enhance comparison among various studies. Addi-
tionally, larger scale studies must also be done to determine
the efficacy of bioprinting for the reconstruction of the cran-
iofacial region. Moreover, new biomaterials and bioprint-
ing technologies may also improve the use of bioprinting
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techniques for treating any kind of craniofacial abnormal-
ities or disorders. Ultimately, translating bioprinting tech-
niques into clinical practice involves a multidisciplinary ap-
proach by engineers, clinicians, and researchers in order to
ensure appropriate treatment modalities that are safe, effec-
tive, and patient-specific.

Conclusions
Our review offers evidence supporting the efficacy and
feasibility of bioprinting techniques in generating patient-
specific implants for craniofacial disorders. Our data sug-
gest that the success rate and patient satisfaction rate are
high, also complications rate is low for the bioprinting
techniques used in craniofacial surgeries. Bioprinting not
only enhances outcomes but also promotes personalized
medicine because bioprinting is capable of matching each
patient’s anatomical requirement to each procedure done.
These results support the incorporation of bioprinting into
standard craniofacial reconstructive procedures, indicating
a dramatic change towards more individualised, patient-
focused medical interventions that aim to enhance patients’
functional and cosmetic results.

Availability of Data and Materials
The data analyzed are available from the corresponding au-
thor upon reasonable request.

Author Contributions
Conceptualization: VBM, SSa, GM. Methodology: AAK,
VBM, MC, GM. Formal analysis: MMM, DR, GM. Inves-
tigation: SSa, VBM and SSh. Writing—original draft: MC
and GM. Writing—review & editing: MC and GM. Re-
sources: HU and DR. Data curation and visualization: HU,
GM. Supervision: MMM, MC and GM. All authors have
been involved in revising it critically for important intellec-
tual content. All authors gave final approval of the version
to be published. All authors have participated sufficiently
in the work to take public responsibility for appropriate por-
tions of the content and agreed to be accountable for all as-
pects of the work in ensuring that questions related to its
accuracy or integrity.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding
This research received no external funding.

Conflict of Interest
Giuseppe Minervini was serving as one of the Editorial
Board and Guest Editor members of this journal. We de-

clare that Giuseppe Minervini had no involvement in the
peer review of this article and has no access to information
regarding its peer review. Other authors declare no conflict
of interest.

Declaration of Generative AI and AI-Assisted
Technologies in Manuscript Preparation
During the preparation of this manuscript, the authors used
DeepL Translate for language checking/grammar correc-
tion. After its use, the authors thoroughly reviewed, ver-
ified, and revised all content to ensure accuracy and origi-
nality.

Supplementary Material
Supplementary material associated with this article can be
found, in the online version, at https://doi.org/10.62713/ai
c.3923.

References
[1] Hurley CM, McConn Walsh R, Shine NP, O’Neill JP, Martin F,

O’Sullivan JB. Current trends in craniofacial reconstruction. Sur-
geon. 2023; 21: e118–e125. https://doi.org/10.1016/j.surge.2022.04.
004.

[2] Mustafa MA, Richardson GE, Gillespie CS, Clynch AL, Kesh-
wara SM, Gupta S, et al. Health-related quality of life following
cranioplasty-a systematic review. British Journal of Neurosurgery.
2025; 39: 12–22. https://doi.org/10.1080/02688697.2023.2202244.

[3] Abdulfattah Sindy E, Alkhowaiter FA, Alzahrani MA, Alotaibi TN,
Alqahtani SA,AlameerMG, et al. Impact ofmaxillofacial surgery on
patient’s quality of life and psychological well-being. International
Journal of Community Medicine and Public Health. 2024; 12: 526–
530. https://doi.org/10.18203/2394-6040.ijcmph20244066.

[4] Bunea AI, del Castillo Iniesta N, Droumpali A, Wetzel AE, Engay E,
Taboryski R. Micro 3D printing by two‐photon polymerization: con-
figurations and parameters for the Nanoscribe system. Micro. 2021;
1: 164–180. https://doi.org/10.3390/micro1020013.

[5] Chang YY, Lee S, Jeong HJ, Cho YS, Lee SJ, Yun JH. In vivo evalu-
ation of 3D printed polycaprolactone composite scaffold and recom-
binant human bone morphogenetic protein-2 for vertical bone aug-
mentation with simultaneous implant placement on rabbit calvaria.
Journal of Biomedical Materials Research. Part B, Applied Bioma-
terials. 2022; 110: 1103–1112. https://doi.org/10.1002/jbm.b.34984.

[6] Verbist M, Vandevelde AL, Geusens J, Sun Y, Shaheen E, Willaert
R. Reconstruction of Craniomaxillofacial Bone Defects with 3D-
Printed Bioceramic Implants: Scoping Review and Clinical Case
Series. Journal of Clinical Medicine. 2024; 13: 2805. https://doi.or
g/10.3390/jcm13102805.

[7] Dewey MJ, Milner DJ, Weisgerber D, Flanagan CL, Rubessa M,
Lotti S, et al. Repair of critical-size porcine craniofacial bone de-
fects using a collagen-polycaprolactone composite biomaterial. Bio-
fabrication. 2021; 14: 10.1088/1758–5090/ac30d5. https://doi.org/
10.1088/1758-5090/ac30d5.

[8] Hnitecka S, Olchowy C, Olchowy A, Dąbrowski P, Dominiak M.
Advancements in alveolar bone reconstruction: A systematic review
of bone block utilization in dental practice. Dental andMedical Prob-
lems. 2024; 61: 933–941. https://doi.org/10.17219/dmp/181532.

[9] Park SH, Yun BG, Won JY, Yun WS, Shim JH, Lim MH, et al.
New application of three-dimensional printing biomaterial in nasal
reconstruction. The Laryngoscope. 2017; 127: 1036–1043. https:
//doi.org/10.1002/lary.26400.

[10] Sheikh Z, Nayak VV, Daood U, Kaur A, Moussa H, Canteenwala

https://doi.org/10.62713/aic.3923
https://doi.org/10.62713/aic.3923
https://doi.org/10.1016/j.surge.2022.04.004
https://doi.org/10.1016/j.surge.2022.04.004
https://doi.org/10.1080/02688697.2023.2202244
https://doi.org/10.18203/2394-6040.ijcmph20244066
https://doi.org/10.3390/micro1020013
https://doi.org/10.1002/jbm.b.34984
https://doi.org/10.3390/jcm13102805
https://doi.org/10.3390/jcm13102805
https://doi.org/10.1088/1758-5090/ac30d5
https://doi.org/10.1088/1758-5090/ac30d5
https://doi.org/10.17219/dmp/181532
https://doi.org/10.1002/lary.26400
https://doi.org/10.1002/lary.26400


779 Ann. Ital. Chir., 97, 5, 2026

Giuseppe Minervini, et al.

A, et al. Three-Dimensional PrintingMethods for Bioceramic-Based
Scaffold Fabrication for Craniomaxillofacial Bone Tissue Engineer-
ing. Journal of Functional Biomaterials. 2024; 15: 60. https://doi.or
g/10.3390/jfb15030060.

[11] Maroulakos M, Kamperos G, Tayebi L, Halazonetis D, Ren Y. Ap-
plications of 3D printing on craniofacial bone repair: A system-
atic review. Journal of Dentistry. 2019; 80: 1–14. https://doi.org/
10.1016/j.jdent.2018.11.004.

[12] Mierzejewska ŻA, Veselinović V, Trtić N, Marin S, Borys J,
Antonowicz B. Advanced Biomaterials for Craniofacial Tissue
Regeneration: From Fundamental Mechanism to Translational
Applications-A Scoping Review. Journal of Functional Biomateri-
als. 2026; 17: 44. https://doi.org/10.3390/jfb17010044.

[13] Karanth D, Song K, Martin ML, Meyer DR, Dolce C, Huang Y, et
al. Towards resorbable 3D-printed scaffolds for craniofacial bone re-
generation. Orthodontics & Craniofacial Research. 2023; 26 Suppl
1: 188–195. https://doi.org/10.1111/ocr.12645.

[14] PageMJ,McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC,Mul-
row CD, et al. The PRISMA 2020 statement: an updated guideline
for reporting systematic reviews. BMJ (Clinical Research Ed.). 2021;
372: n71. https://doi.org/10.1136/bmj.n71.

[15] Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND,
Viswanathan M, et al. ROBINS-I: a tool for assessing risk of bias
in non-randomised studies of interventions. BMJ (Clinical Research
Ed.). 2016; 355: i4919. https://doi.org/10.1136/bmj.i4919.

[16] Csámer L, Csernátony Z, Novák L, Kővári VZ, Kovács ÁÉ, Soósné
Horváth H, et al. Custom-made 3D printing-based cranioplasty using
a silicone mould and PMMA. Scientific Reports. 2023; 13: 11985.
https://doi.org/10.1038/s41598-023-38772-9.

[17] da Silva Júnior EB, de Aragão AH, de Paula Loureiro M, Lobo
CS, Oliveti AF, de Oliveira RM, et al. Cranioplasty with three-
dimensional customised mould for polymethylmethacrylate implant:
a series of 16 consecutive patients with cost-effectiveness consider-
ation. 3D Printing in Medicine. 2021; 7: 4. https://doi.org/10.1186/
s41205-021-00096-7.

[18] Kim DH, Yun WS, Shim JH, Park KH, Choi D, Park MI, et al.
Clinical Application of 3-Dimensional Printing Technology for Pa-
tients With Nasal Septal Deformities: A Multicenter Study. JAMA
Otolaryngology– Head & Neck Surgery. 2018; 144: 1145–1152.
https://doi.org/10.1001/jamaoto.2018.2054.

[19] Kim YC, Yoon IA, Woo SH, Song DR, Kim KY, Kim SJ, et
al. Complications arising from clinical application of composite
polycaprolactone/bioactive glass ceramic implants for craniofacial
reconstruction: A prospective study. Journal of Cranio-maxillo-
facial Surgery: Official Publication of the European Association for
Cranio-Maxillo-Facial Surgery. 2022; 50: 863–872. https://doi.org/
10.1016/j.jcms.2023.01.003.

[20] Lee UL, Lim JY, Park SN, Choi BH, Kang H, Choi WC. A Clinical
Trial to Evaluate the Efficacy and Safety of 3D Printed Bioceramic
Implants for the Reconstruction of Zygomatic Bone Defects. Mate-
rials (Basel, Switzerland). 2020; 13: 4515. https://doi.org/10.3390/
ma13204515.

[21] Park EK, Lim JY, Yun IS, Kim JS, Woo SH, Kim DS, et al. Cran-
ioplasty Enhanced by Three-Dimensional Printing: Custom-Made
Three-Dimensional-Printed Titanium Implants for Skull Defects.
The Journal of Craniofacial Surgery. 2016; 27: 943–949. https:
//doi.org/10.1097/SCS.0000000000002656.

[22] Scerrati A, Travaglini F, Gelmi CAE, Lombardo A, De Bonis P,
Cavallo MA, et al. Patient specific Polymethyl methacrylate cus-
tomised cranioplasty using 3D printed silicone moulds: Technical
note. The International Journal of Medical Robotics + Computer As-
sisted Surgery: MRCAS. 2022; 18: e2353. https://doi.org/10.1002/
rcs.2353.

[23] Malcolm JG, Rindler RS, Chu JK, Chokshi F, Grossberg JA, Pradilla
G, et al. Early Cranioplasty is Associated with Greater Neurologi-
cal Improvement: A Systematic Review and Meta-Analysis. Neuro-

surgery. 2018; 82: 278–288. https://doi.org/10.1093/neuros/nyx182.
[24] Sahoo NK, Tomar K, Thakral A, Kumar S. Failures in cranioplasty -

A clinical audit & review. Journal of Oral Biology and Craniofacial
Research. 2021; 11: 66–70. https://doi.org/10.1016/j.jobcr.2020.11.
013.

[25] Yeap MC, Tu PH, Liu ZH, Hsieh PC, Liu YT, Lee CY, et al. Long-
Term Complications of Cranioplasty Using Stored Autologous Bone
Graft, Three-Dimensional Polymethyl Methacrylate, or Titanium
Mesh After Decompressive Craniectomy: A Single-Center Experi-
ence After 596 Procedures. World Neurosurgery. 2019; 128: e841–
e850. https://doi.org/10.1016/j.wneu.2019.05.005.

[26] Lim HK, Choi YJ, Choi WC, Song IS, Lee UL. Reconstruction of
maxillofacial bone defects using patient-specific long-lasting tita-
nium implants. Scientific Reports. 2022; 12: 7538. https://doi.org/
10.1038/s41598-022-11200-0.

[27] El-Hajje A, Kolos EC, Wang JK, Maleksaeedi S, He Z, Wiria FE,
et al. Physical and mechanical characterisation of 3D-printed porous
titanium for biomedical applications. Journal of Materials Science.
Materials in Medicine. 2014; 25: 2471–2480. https://doi.org/10.
1007/s10856-014-5277-2.

[28] Klammert U, Gbureck U, Vorndran E, Rödiger J, Meyer-Marcotty P,
Kübler AC. 3D powder printed calcium phosphate implants for re-
construction of cranial and maxillofacial defects. Journal of Cranio-
maxillo-facial Surgery: Official Publication of the European As-
sociation for Cranio-Maxillo-Facial Surgery. 2010; 38: 565–570.
https://doi.org/10.1016/j.jcms.2010.01.009.

[29] Frassanito P, Fraschetti F, Bianchi F, Giovannenze F, Caldarelli M,
Scoppettuolo G. Management and prevention of cranioplasty infec-
tions. Child’s Nervous System: ChNS: Official Journal of the Inter-
national Society for Pediatric Neurosurgery. 2019; 35: 1499–1506.
https://doi.org/10.1007/s00381-019-04251-8.

[30] Henry J, Amoo M, Murphy A, O’Brien DP. Complications
of cranioplasty following decompressive craniectomy for trau-
matic brain injury: systematic review and meta-analysis. Acta
Neurochirurgica. 2021; 163: 1423–1435. https://doi.org/10.1007/
s00701-021-04809-z.

[31] Cerveau T, Rossmann T, Clusmann H, Veldeman M. Infection-
related failure of autologous versus allogenic cranioplasty after de-
compressive hemicraniectomy - A systematic review and meta-
analysis. Brain & Spine. 2023; 3: 101760. https://doi.org/10.1016/j.
bas.2023.101760.

[32] Rocque BG, Agee BS, Thompson EM, Piedra M, Baird LC, Selden
NR, et al. Complications following pediatric cranioplasty after de-
compressive craniectomy: a multicenter retrospective study. Journal
of Neurosurgery. Pediatrics. 2018; 22: 225–232. https://doi.org/10.
3171/2018.3.PEDS17234.

[33] Birgersson U, Wettervik TS, Sundblom J, Linder LKB. The role of
autologous bone in cranioplasty. A systematic review of complica-
tions and risk factors by using stored bone. Acta Neurochirurgica.
2024; 166: 438. https://doi.org/10.1007/s00701-024-06312-7.

[34] Nyberg EL, Farris AL, Hung BP, Dias M, Garcia JR, Dorafshar AH,
et al. 3D-Printing Technologies for Craniofacial Rehabilitation, Re-
construction, and Regeneration. Annals of Biomedical Engineering.
2017; 45: 45–57. https://doi.org/10.1007/s10439-016-1668-5.

[35] Kouhi M, de Souza Araújo IJ, Asa’ad F, Zeenat L, Bojedla SSR,
Pati F, et al. Recent advances in additive manufacturing of patient-
specific devices for dental and maxillofacial rehabilitation. Dental
Materials: Official Publication of the Academy of Dental Materials.
2024; 40: 700–715. https://doi.org/10.1016/j.dental.2024.02.006.

[36] Charbe NB, Tambuwala M, Palakurthi SS, Warokar A, Hromić-
Jahjefendić A, Bakshi H, et al. Biomedical applications of three-
dimensional bioprinted craniofacial tissue engineering. Bioengineer-
ing & Translational Medicine. 2022; 8: e10333. https://doi.org/10.
1002/btm2.10333.

[37] Shen C, Witek L, Flores RL, Tovar N, Torroni A, Coelho PG, et
al. Three-Dimensional Printing for Craniofacial Bone Tissue Engi-

https://doi.org/10.3390/jfb15030060
https://doi.org/10.3390/jfb15030060
https://doi.org/10.1016/j.jdent.2018.11.004
https://doi.org/10.1016/j.jdent.2018.11.004
https://doi.org/10.3390/jfb17010044
https://doi.org/10.1111/ocr.12645
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.1038/s41598-023-38772-9
https://doi.org/10.1186/s41205-021-00096-7
https://doi.org/10.1186/s41205-021-00096-7
https://doi.org/10.1001/jamaoto.2018.2054
https://doi.org/10.1016/j.jcms.2023.01.003
https://doi.org/10.1016/j.jcms.2023.01.003
https://doi.org/10.3390/ma13204515
https://doi.org/10.3390/ma13204515
https://doi.org/10.1097/SCS.0000000000002656
https://doi.org/10.1097/SCS.0000000000002656
https://doi.org/10.1002/rcs.2353
https://doi.org/10.1002/rcs.2353
https://doi.org/10.1093/neuros/nyx182
https://doi.org/10.1016/j.jobcr.2020.11.013
https://doi.org/10.1016/j.jobcr.2020.11.013
https://doi.org/10.1016/j.wneu.2019.05.005
https://doi.org/10.1038/s41598-022-11200-0
https://doi.org/10.1038/s41598-022-11200-0
https://doi.org/10.1007/s10856-014-5277-2
https://doi.org/10.1007/s10856-014-5277-2
https://doi.org/10.1016/j.jcms.2010.01.009
https://doi.org/10.1007/s00381-019-04251-8
https://doi.org/10.1007/s00701-021-04809-z
https://doi.org/10.1007/s00701-021-04809-z
https://doi.org/10.1016/j.bas.2023.101760
https://doi.org/10.1016/j.bas.2023.101760
https://doi.org/10.3171/2018.3.PEDS17234
https://doi.org/10.3171/2018.3.PEDS17234
https://doi.org/10.1007/s00701-024-06312-7
https://doi.org/10.1007/s10439-016-1668-5
https://doi.org/10.1016/j.dental.2024.02.006
https://doi.org/10.1002/btm2.10333
https://doi.org/10.1002/btm2.10333


780 Ann. Ital. Chir., 97, 5, 2026

Giuseppe Minervini, et al.

neering. Tissue Engineering. Part a. 2020; 26: 1303–1311. https:
//doi.org/10.1089/ten.TEA.2020.0186.

[38] Datta P, Ozbolat V, Ayan B, Dhawan A, Ozbolat IT. Bone tissue bio-
printing for craniofacial reconstruction. Biotechnology and Bioengi-
neering. 2017; 114: 2424–2431. https://doi.org/10.1002/bit.26349.

[39] Huan Y, Zhou D, Wu X, He X, Chen H, Li S, et al. 3d bioprinted
autologous bone particle scaffolds for cranioplasty promote bone re-
generation with both implanted and native bmscs. Biofabrication.
2023; 15: 025016. https://doi.org/10.1088/1758-5090/acbe21.

[40] Kwarcinski J, Boughton P, Ruys A, Doolan A, Gelder J. Cranioplasty
and craniofacial reconstruction: a review of implant material, manu-
facturing method and infection risk. Applied Sciences. 2017; 7: 276.
https://doi.org/10.3390/app7030276.

[41] ThrivikramanG, Athirasala A, Twohig C, Boda S, Bertassoni L. Bio-
materials for craniofacial bone regeneration. Dental Clinics of North
America. 2017; 61: 835–856. https://doi.org/10.1016/j.cden.2017.
06.003.

[42] Obregón F, Vaquette C, Ivanovski S, Hutmacher D, Bertassoni L.
Three-dimensional bioprinting for regenerative dentistry and cran-

iofacial tissue engineering. Journal of Dental Research. 2015; 94:
143S–152S. https://doi.org/10.1177/0022034515588885.

[43] Li J, He L, Zhou C, Zhou Y, Bai Y, Lee F, et al. 3D printing for
regenerative medicine: from bench to bedside. MRS Bulletin. 2015;
40: 145–153. https://doi.org/10.1557/mrs.2015.5.

[44] Ratheesh G, Vaquette C, Xiao Y. Patient‐specific bone particles bio-
printing for bone tissue engineering. Advanced Healthcare Materi-
als. 2020; 9: e2001323. https://doi.org/10.1002/adhm.202001323.

[45] Elkhoury K, Morsink M, Sánchez‐González L, Kahn C, Tamayol
A, Arab‐Tehrany E. Biofabrication of natural hydrogels for cardiac,
neural, and bone tissue engineering applications. Bioactive Materi-
als. 2021; 6: 3904–3923. https://doi.org/10.1016/j.bioactmat.2021.
03.040.

© 2026 The Author(s).

https://doi.org/10.1089/ten.TEA.2020.0186
https://doi.org/10.1089/ten.TEA.2020.0186
https://doi.org/10.1002/bit.26349
https://doi.org/10.1088/1758-5090/acbe21
https://doi.org/10.3390/app7030276
https://doi.org/10.1016/j.cden.2017.06.003
https://doi.org/10.1016/j.cden.2017.06.003
https://doi.org/10.1177/0022034515588885
https://doi.org/10.1557/mrs.2015.5
https://doi.org/10.1002/adhm.202001323
https://doi.org/10.1016/j.bioactmat.2021.03.040
https://doi.org/10.1016/j.bioactmat.2021.03.040
https://creativecommons.org/licenses/by/4.0/

	Introduction
	Methods
	Eligibility Criteria
	Database Search Strategy
	Variables Extraction Strategy
	Bias Assessment Protocol

	Results
	PRISMA Protocol Implementation
	Bias Levels Evaluated
	Demographic Variables Assessed
	Implant Characteristics and Outcomes Assessed
	Results Observed

	Discussion
	Conclusions
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Declaration of Generative AI and AI-Assisted Technologies in Manuscript Preparation
	Supplementary Material

