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Abstract. This systematic review was performed to evaluate the use of
subperiosteal implants (SPIs) manufactured using digital workflows, focusing on
their indications, performance, osseointegration, and safety by categorizing
early and late biological and mechanical complications. The PubMed and
Embase databases were searched, covering the years 2018-2023. The PRISMA
guidelines were followed. Quality was assessed using JBI and NIH tools.
Twenty-four articles (six cohort studies, six case series, 12 case reports) reporting
246 implants were analysed. After a mean follow-up of 17 months, 97.6% of
implants were functional, with well-fitting results. Implants were primarily used
for full-arch dentures in the maxilla and bridge prostheses in both jaws, with
high survival rates (94.1-100%). Early complications included pain (25%) and
swelling (24%), while late complications requiring SPI removal were infrequent
(five reported failures). Partial exposure occurred in 37% of implants. Success
rates, patient satisfaction, and aesthetics were reported positively, although
rarely. Methods to enhance osseointegration included additively manufactured
titanium, acid-etching, grit-blasting, and polyether ether ketone, but no clear
superiority was found. Study heterogeneity precluded meta-analysis. The results
indicate that digitally manufactured SPIs are a viable option for severely
atrophic jaws, especially in elderly or compromised patients. More research with
larger cohorts and longer follow-ups is needed to confirm their long-term safety
and effectiveness.
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Subperiosteal ~ implants  (SPIs) are the oral cavity, connecting the implant

custom-made dental implants placed
between the periosteum and the un-
derlying bone' *. They usually have a
metal framework that may be fixed
with small screws and two to four
transmucosal elements projecting into
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to the prosthesis'~.

SPIs were introduced in the early
1940s'” and were generally made
of Vitallium (cobalt-chromium-mo-
lybdenum alloy)’. They were widely
used for the prosthetic rehabilitation of

partially and completely edentulous
patients until the late 1970s when their
use decreased with the advent of en-
dosseous titanium implants'*°.

The transition to endosseous im-
plants occurred for several reasons,
such as the complex surgical protocol
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and the presumably high risk of failures
and the complication rates associated
with SPIs. The surgical protocol en-
compassed two surgical interventions,
one for taking the impression of the
patient’s bone, needed for fabrication
of the SPI, and the other for implant
placement' . Since the SPIs were very
bulky, extremely large flaps were
needed for their placement. Their po-
sitioning was difficult and time-con-
suming, since it was not easy to fit them
through the mouth’. This often resulted
in patient discomfort and a high risk of
postoperative complications'**. SPIs
were also associated with a rather high
risk of failures and late complica-
tions'*”, including implant exposure,
implant mobility, recurrent infections”,
fistula formation, sinusitis®, bone re-
sorption’*® and implant loss’. Failure of
these traditional SPIs was partly asso-
ciated with substantial bony defects
that could only be corrected by ex-
tensive, and sometimes highly burden-
some, augmentations for patients, as
demonstrated by a case series of ex-
tension implants published in 2000,

Recently, new materials with im-
proved mechanical and biocompat-
ibility features, such as titanium and
polyether ether ketone (PEEK)™'’'!
along with advances in digital tech-
nology have revolutionized oral im-
plantology, including the use of SPIs.
Modern techniques have made plan-
ning, designing, and fabricating SPIs
easier and less burdensome for patients,
allowing higher accuracy in manu-
facturing” *"'?. These advancements
have led to a comeback for SPIs, par-
ticularly in cases of severe bone atrophy
or poor bone quality that do not allow
the placement of endosseous dental
implants'~~.

Specifically, new acquisition methods
(i.e., cone beam computed tomography
(CBCT), computed tomography (CT),
and intraoral scanners), improved pro-
cessing software (i.e., computer-as-
sisted-design/computer-assisted manu-
facturing (CAD/CAM)), and direct
metal laser sintering (DMLS) three-di-
mensional (3D) printing techniques
have been developed. These allow the
fabrication of highly accurate custom-
made SPIs that perfectly fit the specific
anatomy of the patient. This eliminates
the need for a surgical session to cap-
ture the bone impression and reduces
non-fitting problems”*’. The high
accuracy of these methods makes the
surgical intervention for SPI placement
faster and more straightforward,

reducing intraoperative complications,

bacterial contamination, and post-
operative infection risks”.
While endosseous implants have

been shown to have a high survival
rate’, their placement and longevity are
dependent on the patient having suffi-
cient bone quality and quantity’ . In
the case of severe bone atrophy or poor
bone quality, complex regenerative
procedures are usually required prior to
endosseous  implant  placement,*>
leading to lengthy treatments, eco-
nomic costs, and the possibility of ad-
ditional intra- and postoperative
complications™*°.

With the increased accuracy and
simplified procedures brought by the
digital revolution in implantology, SPIs
are now generally considered an alter-
native to complex regenerative solu-
tions and endosseous implants for the
rehabilitation of severely atrophic
jawsl.4.5_9'

The aim of this systematic review was
to carefully evaluate the indications,
performance, safety, osseointegration,
and surfaces of SPIs manufactured by
digital workflow, providing compre-
hensive insights into their effectiveness
and potential in clinical practice.
Anitua et al."” recently published a re-
view on the clinical performance of
additively manufactured SPIs, which
also contributes to our understanding
of this field, but their review did not
focus on safety aspects in a structured
way. The current comprehensive ana-
lysis is novel in examining survival rates
according to the jawbone of placement
and prosthesis type, while also differ-
entiating outcomes across various in-
dications, including bone atrophy,
oncology cases, medication-related os-
teonecrosis of the jaw (MRONJ), con-
genital or developmental craniofacial
anomalies (such as cleft and hypo-
dontia), and revision cases following
failed grafts and implants. Further-
more, it distinguishes between early and
late complications, including systemic
biological and mechanical complica-
tions.

Materials and methods
Study design

This systematic review focused on
clinical studies investigating SPIs pro-
duced exclusively via digital workflows.
Specifically, it examined (1) perfor-
mance outcomes (such as the survival
rate, success rate, fit, function,

aesthetics, patient satisfaction); (2) in-
dications for SPIs (e.g., bone atrophy,
oncology, MRONJ, congenital or de-
velopmental craniofacial anomalies,
revision cases); (3) safety indicators
(including early postoperative compli-
cations, late biological and mechanical
complications, implant exposure); and
(4) osseointegration and surface char-
acteristics. Additional comparisons in-
cluded SPIs versus zygomatic implants,
SPIs versus traditional dental implants
with bone augmentation in the mand-
ible and maxilla, success rates for
bridges versus full-arch dentures, as
well as infection causes, sites, and
strategies for elimination.

Search strategy and criteria

The following focused question in the
Patient, Intervention, (Comparison),
and Outcome (PI(C)O) style was
asked'’: “In patients with complete or
partial edentulism of the maxilla or
mandible (P), how do SPIs produced
through digital workflows (I), (com-
pared to zygomatic implants and tra-
ditional dental implants with bone
grafting (C)), affect outcomes such as
the SPI survival rate (main outcome),
performance (including the success
rate, fit, function, aesthetics, and pa-
tient satisfaction), safety (complication
rate categorized by early/late and bio-
logical/mechanical), and characteristics
of osseointegration and implant sur-
faces (additional outcomes)?”.

The PRISMA guidelines (Preferred
Reporting Items for Systematic Reviews
and Meta-Analyses) were followed, and
the protocol is registered in the PROSP-
ERO international database for sys-
tematic review protocols (https://www.crd.
york.ac.uk/PROSPERO/; registration
number CRD42024532803)".

An initial search of the PubMed and
Embase databases was conducted. To
identify relevant studies on SPIs, taking
into account the latest technological
advances and the increasing adoption
of digital workflows, the search period
covered was January 2018 to December
2023. In addition, databases were
manually searched to identify articles
that may not have been detected in the
initial search, and the references of in-
cluded articles were  reviewed.
Language was restricted to English and
Italian. Studies had to evaluate the
above aspects and questions, con-
sidering only SPIs produced by digital
workflow. A comprehensive search was
conducted using the following terms:


https://www.crd.york.ac.uk/PROSPERO/
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“subperiosteal” AND “implant” for
PubMed and “subperiosteal implant”
OR “subperiosteal AND implant” for
Embase. The specified keywords, in-
clusion and exclusion criteria are pre-
sented in Supplementary material
Table SI.

Study selection and data extraction

Only studies with SPIs manufactured
using a digital workflow (virtual surgical
planning (VSP) and customized) were in-
cluded. All clinical studies in humans at
all levels of evidence, including rando-
mized clinical trials (RCTs), cohort stu-
dies, case—control studies, case series, and
case reports, were eligible.

After the removal of duplicates, the
authors independently screened the ti-
tles and abstracts of identified studies,
and then examined the full texts for
inclusion. Data extracted included the
study design and year of publication,
number of patients and implants,
follow-up duration, indication, implant
location, implant material/design and
surface, manufacturing technology,
prosthetic rehabilitation, implant fitting
and osseointegration, implant survival
and success, and complications (early
vs late, biological vs mechanical).
Disagreements were resolved by dis-
cussion until a consensus was reached.

Assessment of risk of bias and the
quality of evidence

Both reviewers independently assessed
the risk of bias for each study using the
relevant JBI critical appraisal tools
(https://jbi.global/critical-appraisal-
tools), tailored to the design of each
study, including case reports' ® and case
series' . For cohort studies, the risk of
bias was evaluated using the National
Institutes of Health (NIH) quality as-
sessment tool for observational cohort
studies and cross-sectional studies '°.
Risk of bias was defined according to
the percentage of ‘yes’ responses to the
appraisal tool questions: studies with
<49% ‘yes’ responses were considered to
have a high potential risk of bias, those
with 50-79% ‘yes’ were deemed to have
a moderate risk of bias, and studies
with >80% ‘yes’ were considered to
have a low potential risk of bias.

The level of evidence provided by each
study was graded according to the Oxford
Centre for Evidence-Based Medicine
(March 2009). The level of evidence was
rated as 5 for case reports, 4 for case
series, and either 2b or 1b for the cohort
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studies. With this grading system, 1b in-
dicates a high-quality randomized con-
trolled trial, 2b denotes individual cohort
studies or low-quality randomized trials, 4
corresponds to case series, and 5 re-
presents expert opinions or case reports
without critical appraisal'*.

Data synthesis and statistical analysis

A quantitative but non-inferential
summary of the published evidence was
generated, focusing on the outcomes of
interest in the intervention groups (and
non-intervention groups if a control
was available), without collecting in-
dividual patient data but using ag-
gregated patient data. Given the
expected heterogeneity, a formal meta-
analysis was not performed. The de-
scriptive analysis was conducted using
Microsoft Excel 365 (Microsoft Corp.,
Redmond, WA, USA) to generate
summary statistics and figures. A data
analysis was performed for each data
variable, with calculations including the
number and percentage, or mean *
standard deviation (SD), as appro-
priate.

The data analysis provided a tabu-
lated overview of several metrics, which
are detailed in the tables in the Results
section. These metrics included overall
SPI survival rates and rates categorized
by specific indications (bone atrophy,
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oncology, MRONJ, congenital cranio-
facial anomalies, and revision cases
following failed grafts and implants).
Survival rates were also analysed ac-
cording to the jawbone of placement
and the prosthesis type (bridge or full
arch). Additionally, early postoperative
complications (within 14 days of SPI
placement) were detailed, covering
pain, swelling, discomfort, oedema, and
bleeding. For complications occurring
after 14 days, the report outlined late
biological complications (infection,
wound/soft tissue dehiscence, chronic
pain), late mechanical complications
(disconnection from the post, implant
mobility, provisional and final pros-
thetic complications), and other com-
plications (implant exposure).

Results
Study selection and characteristics

The initial search strategy identified a
total of 245 potential studies. After du-
plicates were removed, 155 studies re-
mained for title and abstract screening.
Based on the eligibility criteria
(Supplementary material Table S1), 24
studies were included' ™ '*'” ! The
PRISMA flowchart in Fig. 1 illustrates
the review process.

The 24 publications reported six co-
hort studies (three prospective; five
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Fig. 1. PRISMA flowchart detailing the selection of studies.
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. 1,2,6,11,2425 :
multicentre) " °, six case series

(one prospective; three multicentre; one
that served to prepare technical guide-
lines)*"-'""?7*° " and 12 case re-
portslﬁ})_llllb 232(»28_3()_3]. NO RCTS or
systematic reviews were found. All in-
cluded articles were published from
2018 onwards. The studies involved a
total of 242 patients with 246 SPIs.
Specific indications encompassed com-
plete or partial edentulism in the (severely)
atrophic maxilla or mand-
ible! >#37:10:19°23. (severely)  atrophic
maxilla (Cawood-Howell classification
>V)*H 12420 combined with vertical os-
tectomy for terminal maxillary denti-
tion”’; partially edentulous mandible'”;
and maxillomandibular deformity in
congenital conditions °. Additional in-
dications included post-oncological resec-
tion reconstructions of the maxilla>”’,
anterosuperior tooth absence with cleft
lip/palate *, and complete anodontia®'.
Prosthetic loading concepts varied
across these publications: 11 reported
immediate loadingl.z.i.—/’.‘).]ll() 2234.2()’ six
reported delayed loading™*'*'"*** and
seven did not specify the loading pro-

tocol()_l9_23,2&27_18_3]
Follow-up periods extended to 57
months (mean 17 months).

Supplementary material Table S2 pro-
vides an overview of the study character-
istics, with detailed information provided
in Supplementary material Table S3.

Risk of bias and level of evidence

The results of the risk of bias assessment
for the 12 case reports and six case series
studies are summarized in Fig. 2, while
the results for the cohort studies are
shown in Fig. 3. The quality of each study
and their level of evidence are detailed in
Figs. 4-6. Of the 12 case reports, seven
had a low risk of bias (58.3%), three had a
moderate risk (25%), and two had a high
risk (16.7%) (including one abstract-only
article). Among the six case series, four
had a low risk of bias (66.7%) and two
had a high risk (33.3%). Three of the six
cohort studies had a low risk of bias
(50%) and six a moderate risk (50%). The
level of evidence was rated as 5 for the
case reports, 4 for the case series, 2b for
three cohort studies, and 1b for three co-
hort studies.

Performance of subperiosteal implants

Overall

Twenty publications discussed the per-
formance Of the SPISI 7,9-12,20-22,24-26,28-30

, whereas four did not report related
outcomes'”**?*! " Among nine studies
providing overall survival data (212 pa-
tients, 212 implants), the survival rate
ranged from 93.8% to 100% (mean
97.6%) (Table 1). Ten of the 12 case re-
ports (13 implants) described no major
complications over 6 months to 3
years™>12:2022.26.2830 "and two case series
(8 implants) reported stable outcomes
without problems in the prosthetic
part'*. Only one study documented the
success rate, reporting this as 85.7% (18/21
implants); the authors defined success as
patient comfort, pain-free chewing,
normal speech, and satisfactory aes-
thetics’. They also reported device-related
factors (no exposure of the metal base-
plate, stable frame, absence of clinical in-
fection, no radiological signs of screw
loosening or prosthesis fracture) and
healthy pink keratinized gingiva around
each transmucosal post’.

In seven publications, implant fit was
described as adequate to  ex-
cellent’ *"'"'>%° " Minor discrepancies
were occasionally noted. Mangano
et al.’ reported that two of 10 SPIs
(20%) showed an insufficient fit due to
CBCT scattering, which was resolved
through intraoperative adaptation. In
the study by El-Sawy et al.'’, the elas-
ticity of PEEK facilitated adjustments to
the bone even after a 6-month delay in
placement. Most studies indicated that a
less-than-ideal fit occurred when more
than 3 months had elapsed between CT
imaging and implant delivery, or when
the CT slice thickness exceeded 1 mm. In
a multicentre cohort study of 40 pa-
tients, one SPI (2.5%) showed mobility
>1mm after removal of the final re-
storation”. Nemtoi et al.', reported an
insufficient fit for one of 16 (6.25%)
implants, which, together with recurrent
and untreatable infections, eventually
led to implant loss.

Additional benefits included improved
functio_n“) 2029 comfort®”, chewing,
speech’?!, improvement in lip closure
and stable jaw occlusion’, and oral hy-
giene’. Five publications reported posi-
tive aesthetic outcomes™’*?'*, with
one describing a significant improvement
in facial profile and elimination of the
gummy smile at the 3-year follow-up in a
case of thalassemia-induced max-
illomandibular deformity’. Van den
Borre et al.”* reported excellent Oral
Health Impact Profile-14 (OHIP-14)
scores and increased numerical rating
scale (NRS) scores for patient satisfac-
tion at 6 and 12 months compared with
those at 1 month.

Comparison of full-arch and bridge
prostheses in the maxilla and mandible

Fifteen publications provided informa-
tion on the prosthesis type, jaw loca-
tion, and outcomes, with follow-up of
up to 57 mOIlthSlj 5,7,9-12,20 22_3(7.1831).
The most common combination was a
full-arch denture in the maxilla (35
patients); nine full-arch dentures were
placed in the mandible (Table 2). Re-
garding the bridge prostheses, 17 were
placed in the maxilla and 13 in the
mandible (Table 3). Of the 74 implants
with reported survival rates, 72 sur-
vived (97.3%); the survival rate was
97.1% for full arches in the maxilla,
100% for full arches in the mandible,
94.1% for bridges in the maxilla, and
100% for bridges in the mandible.

Dimitroulis et al.” placed 15 max-
illary and three mandibular full-arch
dentures, and three maxillary bridge
prostheses. Their overall implant suc-
cess increased from 66.7% to 85.7%
after salvaging four SPI cases; one
maxillary SPI was removed at 18
months due to chronic pain despite no
evidence of infection and full osseoin-
tegration. Nemtoi et al.' placed 10
maxillary and four mandibular full-
arch dentures, plus one bridge pros-
thesis in each jaw; a single implant
failed (maxillary bridge) owing to in-
sufficient fit and recurrent infection.
Other studies reported similarly high
survival, implant stability, and sa-
tisfactory tissue outcomes, irrespective
of the prosthesis type or jaw.

Nine publications lacked complete
details on the prosthesis type or jaw
location. In one of these studies, 70
patients received either a full-arch or
bridge restoration without specifying
which jaw(s)’. Seven other studies re-
ported 99 maxillary SPIs without spe-
cifying the prosthesis type in these
cases® 7242927293 and one case report
described a mandibular bridge pros-
thesis without providing outcome
data™.

Analysis according to indications

SPIs placed in cases of bone atrophy
demonstrated a mean survival rate of
98.9% among 226 patients (226 SPIs),
with a mean complication rate of 16%
(e.g., 1implant exposure, infection)
(Table 4A). Revision cases showed
100% survival, although 33.3% of im-
plants had complications, often infec-
tions or exposures (Table 4A).
Regarding oncology, MRONJ, and
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Case reports
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Patient’'s demographic characteristics?

Patient’s history?

Current clinical condition?

Diagnostic tests or assessment methods and results?
Intervention or treatment procedure?
Post-intervention clinical condition?

Adverse or unanticipated events?

Provide takeaway lessons?

mYes Unclear mNo mNot applicable

Case series

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Clear criteria for inclusion in case series? [[IININEGENEEEE I
Condition measured in a standard reliable way?
Valid methods for identification of condition?
Consecutive inclusion?

Complete inclusion?

Clear reporting of participant demographics?

Clear reporting of clinical information?
Outcomes or follow up results clearly reported?

Clear reporting of presenting clinic demographic information?

Statistical analysis appropriate?

EYes Unclear mNo

Fig. 2. Risk of bias graphs for case reports (n = 12) and case series (n = 6). Studies rated according to the JBI critical appraisal tool. The
graphs display the review authors’ assessment of each risk of bias item for case reports (top) and case series (bottom). The risk of each
item is shown as a percentage of the total number of publications included.
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Cohort studies

time?

of participants?

Research question or objective clearly stated?

Study population clearly specified and defined?

Participation rate of eligible persons at least 50%?

Subjects from similar populations (incl. time period)?
Inclusion&exclusion criteria prespecified & applied...

Sample size justification, power description, or
variance and effect estimates provided?

Were the exposure(s) of interest measured prior to
the outcome(s) being measured?

Timeframe sufficient so that one could reasonably
expect to see an association between exposure...

Did the study examine different levels of the
exposure as related to the outcome?

Exposure measures (independent variables) clearly
defined, valid, reliable, and implemented...

Was the exposure(s) assessed more than once over

Outcome measures (dependent variables) clearly
defined, valid, reliable, and implemented...

Outcome assessors blinded to the exposure status

Was loss to follow-up after baseline 20% or less?

Key potential confounding variables measured and
adjusted statistically for their impact on...

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

mYes ENo mNotapplicable

Fig. 3. Risk of bias graph for cohort studies (n = 6). Studies rated according to National Institutes of Health (NIH) quality assessment
tool for observational cohort and cross-sectional studies. The graph displays the review authors’ assessment of each risk of bias item for
cohort studies. The risk of each item is shown as a percentage of the total number of publications included.

cleft/hypodontia indications, the mean
survival was 100% in each, with rela-
tively few complications, most com-
monly superficial implant exposures
that did not compromise long-term
stability (Table 4B).

Safety of subperiosteal implants

Twenty publications addressed SPI
safety’ /1219212429 Two  reported

overall complication rates of 14.9% and
30%,>* respectively, while six publica-

tions reported no complica-
tions>:6-12:26.28.30

Early postoperative complications (<14
days; Table 5)

Any complications within 2 weeks of
surgery were classified as early post-
operative complications. These

included pain, swelling, discomfort,
oedema, and bleeding. Gobbo et al.”’
reported only mild pain and oedema,
with no bleeding or signs of infection,
while three other studies attributed low
complication rates to a reduced surgical
time and excellent implant fit''>".
Mangano et al.* further noted that the
simplified and fast surgical procedure
improved patient comfort and mini-
mized the infection risk. Three case
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Fig. 4. Risk of bias and level of evidence for each included case report (n = 12). Risk of bias was assessed using the JBI Critical Appraisal
Tool for Case Reports, and the level of evidence was determined according to the Oxford Centre for Evidence-Based Medicine. Risk of
bias defined according to the percentage of ‘yes’ responses: high risk, <49% yes; moderate risk, 50-79% yes; low risk, 280% yes.

reports indicated noﬂeayrly postoperative
complications at all*>**".

Late biological complications (> 14 days;
Table 6)

Complications occurring more than 2
weeks after implant placement included
infection, wound/soft tissue dehiscence,
chronic pain, rhinosinusitis, oedema,
and tissue colour changes..

In a cohort study of 15 patients, Van
den Borre et al.”* reported oedema and
tissue colour changes at 1 month, with
certain sites prone to inflammation over
follow-ups spanning 1-12 months;
33.3% of patients had radiological rhi-
nosinusitis preoperatively, which stabi-
lized or resolved postoperatively.

Mommaerts'’ noted dehiscences but
did not quantify them, while Cebrian
Carretero et al.”” found none. Three
publications reported no bone resorp-
tion'""'>??, while Van den Borre et al.®
measured only minimal resorption
(0.26 £ 0.65mm at the crest) and con-
cluded that overall bone changes were
negligible.

Infection was documented in four
publications at a mean rate of
9%" %1927 while 11 publications re-

3,5-7,10-12,21,24,27,2¢
ported none™” 101221242729 1 ang
nine did not specify infection
4,9.20.22.23.26.28.30.3
status™? 6.28.3031 " Cerea  and

Dolcini” removed 3/70 SPIs (4.3%) at 8,
12, and 14 months due to recurrent
infection; another patient required
prolonged antibiotics and enhanced

oral hygiene. Nemtoi et al.' removed 1/
16 SPIs (6.3%) owing to insufficient SPI
fit and recurrent untreatable infections.
In the study by Mommaerts'”, 1/9 pa-
tients (11.1%) required extraoral sur-
gical drainage and partial implant wing
removal to address a local infection.
Van den Borre et al.”> documented soft
tissue infections in six of 40 patients
(15%), with three cases (7.5%) requiring
removal of a post in the affected area,
although stability and prosthetic func-
tion were maintained. A case series
advised delaying SPI placement if al-
veolar resection could not fully elim-
inate an infection site”’.

Dimitroulis et al.” removed 1/21 SPIs
(4.8%) for chronic pain, despite full
osseointegration and no evidence of
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©@ ©® ©| ®©(©®| ©| ©® ©| ®© ®| ®| @ ®| @® | Moderate

@® Yes

Van den Borre et al.,

Van den Borre et al.,
2023

Van den Borre et al.,
2022

Cerea & Dolcini, 2018
2021

Mounir et al., 2018

Nemtoi et al., 2022
according to the Oxford Centre for Evidence-Based Medicine. Risk of bias defined according to the percentage of ‘yes’ responses: high

Health (NIH) quality assessment tool for observational cohort and cross-sectional studies, and the level of evidence was determined
risk, <49% yes; moderate risk, 50-79% yes; low risk, >80% yes.

Fig. 6. Risk of bias and level of evidence for each included cohort study (n = 6). Risk of bias was assessed using the National Institutes of



VSP and customized subperiosteal implants

Table 1. Subperiosteal implant survival rates (studies with >10 cases).

987

Refs. Immediate loading Implant survival; survival rate Follow-up

Cerea and Dolcini’ Yes 67/70 implants; 95.7% 2 years
2018

Mangano et al.”* No 10/10 implants; 100% 1 year
2020

Nemtoi et al.' Yes 15/16 implants; 93.8% 6 months
2022

Dimitroulis et al.’ Yes 20/21 implants; 95.2% 5-57 months
2023

Van den Borre NR 15/15 implants; 100% 12 months
et al.
2021

Van den Borre Yes 15/15 implants; 100% 12 months
et al.”
2022

Mounir et al."! No 10/10 implants; 100% 12 months
2018

Van den Borre NR 40/40 implants; 100% > 1 year (Mean 2.5 years)
et al.”
2023 )

Rinaldi et al.”’ NR 15/15 implants; 100% 8-19 months
2020

Total 207/212 implants; 97.6% 17 months

NR, not reported.

Table 2. Survival rates of subperiosteal implants according to the jaw and prosthesis type—full arch.

Jaw Refs. Patients/devices Implant survival; survival rate

Maxilla Strappa et al. 2022° 1 patient/1 implant 1/1 implant; 100%
El-Sawy et al. 2024'° 4 patients/4 implants 4/4 implants; 100%
Dimitroulis et al. 20237 21 patients/15 implants 14/15 implants; 93.3%
Nemtoi et al. 2022 16 patients/10 implants 10/10 implants; 100%
Oren et al. 2021° 1 patients/1 implant 1/1 implant; 100%
Garrido-Martinez et al. 2022** 1 patient/1 implant 1/1 implant; 100%
Gobbo et al. 2019*° 1 patient/1 implant 1/1 implant; 100%
Vatteroni et al. 2023 2 patients/1 implant 1/1 implant; 100%
Angelo and Vieira Ferreira 2020° 1 patients/1 implant 1/1 implant; 100%

Mandible Dimitroulis et al. 20237 21 patients/3 implants 3/3 implants; 100%

Oren et al. 2021°
Angelo and Vieira Ferreira 2020°
Nemtoi et al. 2022

1 patients/1 implant
1 patients/1 implant
16 patients/4 implants

1/1 implant; 100%
1/1 implant; 100%
4/4 implants; 100%

Table 3. Survival rates of subperiosteal implants according to the jaw and prosthesis type—bridge.

Jaw Refs. Patients/devices Implant survival; survival rate
Maxilla Dimitroulis et al. 2023’ 21 patients/3 implants 3/3 implants; 100%
Nemtoi et al. 2022’ 16 patients/l implant 0/1 implant; 0%
Mounir et al. 2018"" 10 patients/10 implants 10/10 implants; 100%
John et al. 2023%! 1 patient/1 implant 1/1 implant; 100%
Marconcini et al. 2023%° 1 patient/1 implant 1/1 implant; 100%
Rico et al. 2023 1 patient/1 implant 1/1 implant; 100%
Mandible Bai et al. 2022'° 1 patient/1 implant 1/1 implant; 100%

Mangano et al. 2020"
Nemtoi et al. 2022
Vatteroni et al. 2023

10 patients/10 implants
16 patients/1 implants
2 patients/1 implant

10/10 implants; 100%
1/1 implant; 100%
1/1 implant; 100%

infection. In total,

there were five fail-

ures out of a total of 246 SPIs. Several
publications described uneventful and
good soft tissue healing®'>?%%’; three
indicated no pain”'>* and El-Sawy
et al.'"” noted no pus discharge.

Late mechanical complications (> 14
days; Table 7)
Mechanical complications that oc-

curred more than 2 weeks after implant
placement included disconnection from

the post, implant mobility, and pros-
thetic issues (both provisional and
final). Mangano et al.* documented the
highest prosthetic complication rate
(20%), although all were minor.
Mounir et al.'' reported no prosthetic
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Table 44. Summary of clinical outcomes of subperiosteal implants across different indications—bone atrophy and revision cases.

Patients/
devices/SPI
design (if
complete Mean follow-up SPI material and
Refs. edentulism) (range) Complications Survival rate surface
Bone atrophy
Cerea and 70 pts/70 2 years 14.9% overall complication; 5.7% 95.8% DMLS titanium
Dolcini’ SPIs/NR postoperative, 1.4% biological polished through
2018 (infection); 8.9% prosthetic electroerosion
Nemtoi et al." 16 pts/16 SPIs/ 6 months 37.5% implant exposure; 6.25% 93.75% (15/16) DMLS titanium
2022 single-piece lost due to insufficient fit and roughened contact with
infections; 27.5% early bone, polished soft
complications; 6.25% prosthetic tissue interface
Van den Borre 15 pts/15 SPIs/ 1-12 months None 100% 3D-printed,
et al.’ two-piece titanium, NR
2021
Van den Borre 15 pts/15 SPIs/ 1-12 months None 100% 3D-printed,
et al.” two-piece titanium, NR
2022
Van den Borre 40 pts/40 SPIs/ 917 days 30% (12 pts) postoperative 100% 3D-printed,
et al.”’ two-piece (£306.89) inflammation, 6 of these titanium, NR
2023 infection, 3 pts required post
removal due to infection; 2.5%
(1 pt) implant mobility; 65% (26
pts) partial exposure
Mounir et al."' 8 of 10 pts/8 of 12 months 10% wound dehiscence and 100% Titanium and PEEK,
2018 10 SPIs exposure (titanium SPI) roughened and etched
for titanium group
El-Sawy et al.'’ 4 pts/4 SPIs/ 1-24 months 25% implant exposure 100% PEEK, smooth
2024 single-piece surface
Mangano et al.” 10 pts/10 SPIs 1 year 30% overall complication (10%  100% DMLS titanium,
2020 postoperative; 20% prosthetic); porous
20% insufficient fit
Dimitroulis 21 pts/21 SPIs/ 22.1 33.3% (7/21) overall 95.2% 3D-printed titanium,
et al.’ single-piece months (5-57)  complications (23.8% implant  4/7 pts with roughened
2023 exposure, 4.8% implant mobility, complications

Mommaerts'’
2019 ,

Rinaldi et al.”’
2020 7

Strappa et al.”
2022

Bai et al.”?
2022

Vatteroni et al.””
2023

Kollerov et al.”
2023

Overall

7 of 9 pts/7 of 9 1 year

SPIs/two-piece
15 pts/15 SPIs/
two-piece

1 pt/1 SPI/
single-piece

1 pt/1 SPI

2 pts/2 SPIs/
single-piece
1 pt/1 SPI/
single-piece

8-19 months
1-24 months
3-12 months
1 year

NR

226 pts/226 SPIs Mean follow-up:

~15.9 months

Revision cases (failed grafts and implants)
1 pt/l of 2 SPI/ 15 months

Angelo and
Vieira
Ferreira’
2020

Gobbo et al.”’
2019

Brabyn and
Recuero’!
2022

Mommaerts'’
2019

Overall

single-piece
(mandible)

1 pt/1 SPI

1 pt/1 SPI

1 pt of 9/1 SPI
of 9

4 pts/4 SPIs

3 years

NR

1 year

Mean follow-up:
21 months

4.8% chronic pain)
None

13.3% implant exposure
None

None

None

NR

Mean complication rate: ~16%

None

None

NR

100% infection caused by
iatrogenic misjudgements
followed by removal of the wing
Mean complication rate: 33.3%
(infection)

successfully salvaged,

giving success rate 85.7%

100%

100%

100%

100%

100%

100%

Mean survival
rate: 98.9%

100%

100%

NR

100%

3D-printed,
titanium, NR
3D-printed,
titanium, NR
Titanium, roughened
for bone contact

3D printed titanium,
lattice-like, porous
3D-printed titanium,
roughened

Ti6Al4V, sandblasted

Titanium, rough for
bone contact and
polished for soft
tissue

Titanium, NR

Titanium, NR

3D-printed
titanium, NR

Mean survival rate: 100%

DMLS, direct metal laser sintering; NR, not reported; pt(s)., patient(s); PEEK, polyether ether ketone; SPI, subperiosteal implant.



Table 4B. Summary of clinical outcomes of subperiosteal implants across different indications—oncology, MRONJ, and cleft and

VSP and customized subperiosteal implants

hypodontia.
Patients/
devices/SPI
design (if
complete Mean follow- SPI material and
Refs. edentulism) up (range) Complications Survival rate surface
Oncology
Cebrian Carretero 4 pts/4 SPIs/ 20 months NR 100% CAD/CAM
et al.”’ single-piece (9-38 months) Titanium, NR
2022
Garrido-Martinez 1 pt/1 SPI/ 1 year NR 100% Titanium, NR
et al.”® single-piece
2022
Mounir et al."! 2 of 10 pts/2 of 12 months 10% wound dehiscence and 100% Titanium and
2018 10 SPIs exposure (titanium SPI) in PEEK, roughened
study of 10 pts and etched for
titanium group
Overall 7 pts/7 SPIs Mean follow- 1 pt (implant exposure) Mean survival
up: 14.7 rate: 100%
MRON]J
John et al.”’ 1 pt/l SPI/two- 6 months Superficial implant exposure at  100% Titanium grade
2023 piece 6 months (1-2 mm) but did not 5, NR
affect stability
Marconcini et al.”® 1 pt/1 SPI 1 year None 100% Titanium grade
2023 5, NR
Overall 2 pts/2 SPIs Mean follow- 1 pt (superficial implant Mean survival

Cleft and hypodontia (congenital or developmental craniofacial anomalies)

Rico et al.”’ 1 pt/1 SPI
2023

Mommaerts'’ 1 pt of 9/1 SPI
2019 of 9

Angelo anfi Vieira 1 pt/1 of 2 SPI/

Ferreira’ single-piece
2020 (maxilla)
Oren et al.’ 1 pt/2 SPIs/

2021 single-piece

Brabyn and Recuero®’ 1 pt/l SPI
2022

Overall 5 pts/5 SPIs
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up: 22 months

Mean follow-
(implant exposure)

Mean complication rate: 25%

up: 9 months exposure) rate: 100%
25 months None 100% Titanium grade
3, NR
1 year 100% pressure necrosis caused  100% 3D-printed
by iatrogenic misjudgements titanium, NR
resulted in partial exposure
15 months None 100% Titanium, rough
for bone contact
and polished for
soft tissue
3 years None 100% Titanium, NR
NR NR NR Titanium, NR

Mean survival
rate: 100%

CAD/CAM, computer-aided design/computer-aided manufacturing; MRONJ, medication-related osteonecrosis of the jaw; NR, not
reported; PEEK, polyether ether ketone; pt(s)., patient(s); SPI, subperiosteal implant.

fractures, and patient satisfaction re-
mained high at 12 months. Several
publications observed no mechanical
complications or prosthetic failures at
all>'%?*2  Rico et al.’” similarly re-
ported no complications or implant
exposure..

Other complications—implant exposure
(Table 8)

Eight publications reported implant
exposure, with incidence rates (ex-
cluding case reports) ranging from 10%
to 659" 0L Dimitroulis
et al.” described five exposures; three
were salvaged by placing a newly

designed SPI. Van den Borre et al.””
documented implant exposure in 65%
(26/40) of patients over a follow-up
period of at least 1 year (mean 917 *
306.89 days), a rate noticeably higher
than in the studies with 6-22 months of
follow-up' "' 1192127 " These patients
did not perceive the implant exposure
as a functional or aesthetic impediment.
Similarly, Nemtoi et al." found that
exposure did not affect SPI function-
ality. Mounir et al.'' reported an un-
eventful first month in 90% (9/10) of
patients; at 2 months, a 1-2 mm plat-
form exposure occurred in some tita-
nium SPIs but did not compromise
loading or satisfaction. John et al.”’

similarly observed 1-2mm of super-
ficial exposure at 6 months, with no
adverse effects on stability or the
prosthetic restoration. Five publica-

tions noted no implant exposure at
all‘).l().l(ﬁl‘).]l)

Osseointegration and surfaces of
subperiosteal implants

Osseointegration was examined in eight
publications® '"1%1%22 " with five re-
porting osseointegration-related out-
comes at follow-ups from 1 month to 2
yealrs5 71222 One case report noted
close SPI-bone contact on CBCT at 2

years’, while another observed new
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Table 5. Early postoperative complications (0-14 days after subperiosteal implant placement).

Complication Refs. Affected patients
Pain Cerea and Dolcini’, 2018 6% (4/70)
Mangano et al.*, 2020 10% (1/10)
Nemtoi et al.', 2022 100% (16/16)
Gobbo et al.”’, 2019 100% (1/1)
Van den Borre et al.”’, 2023 30% (12/40)
All 25% (34/137)
Swelling Cerea and Dolcini’, 2018 6% (4/70)
Mangano et al.*, 2020 10% (1/10)
Nemtoi et al.’, 2022 100% (16/16)
Van den Borre et al.”’, 2023 30% (12/40)
All 24% (33/136)
Discomfort Cerea and Dolcini’, 2018 6% (4/70)
Mangano et al.”, 2020 10% (1/10)
Oedema Nemtoi et al.', 2022 100% (16/16)
Gobbo et al.”’, 2019 100% (1/1)
Bleeding Nemtoi et al.’, 2022 19% (3/16)

Table 6. Late biological complications (> 14 days after subperiosteal implant placement).

Complication

Refs.

Affected patients

Infection

Wound/soft tissue dehiscence

Chronic pain

Cerea and Dolcini’, 2018
Mommaerts'’, 2019

Nemtoi et al.', 2022

Van den Borre et al.””, 2023
All

Rinaldi et al.”’, 2020
Mounir et al.'’, 2018
Dimitroulis et al.’, 2023

6% (4/70)
11% (1/9)
6% (1/16)
15% (6/40)
9% (12/135)
7% (1/15)
10% (1/10)
5% (1/21)

Table 7. Late mechanical complications (> 14 days after subperiosteal implant placement).

Complication

Refs.

Details

Disconnection from the post
Implant mobility

Provisional prosthetic complications

Final prosthetic complications

Rinaldi et al.”’, 2020
Dimitroulis et al.’, 2023
Van den Borre et al.>, 2023
Mangano et al.*, 2020
Nemtoi et al.', 2022

Cerea and Dolcini’, 2018
Cerea and Dolcini’, 2018

7% (1/15) implants
5% (1/21) implants
3% (1/40) implants
20% (2/10) patients
6% (1/16) patients
6% (4/67) patients
3% (2/67) patients

bone formation around the implant at
12 months'”. A cohort study of 15 pa-
tients documented bony overgrowth
around the SPIs, predominantly at the
upper part of the wings’, and Vatteroni
et al.” reported good osseointegration
on panoramic X-ray at 1 year. Dimi-
troulis et al.” removed one of 21 SPIs
(4.8%) despite full osseointegration due
to chronic pain; another SPI with mo-
bility was salvaged by adding bone
screws. Mounir et al.'' compared tita-
nium and PEEK SPIs in five patients
each, finding no differences in the sup-
porting bone, but highlighting that
porous titanium could reduce stress
shielding. They also noted that histo-
logical confirmation of SPI osseointe-
gration remains challenging.

Surface characteristics were dis-
cussed in nine publica-
S 1247.9-11,1923 . .

tions s with various

methods aimed at increasing roughness
or porosity (grit- or sand-blasting, acid
etching, additive manufacturing)™'*->*.
Titanium SPIs often featured perfora-
tions for bone ingrowth and polished
transgingival sections'”’, while PEEK
had limited osteoconductive properties
without additional coating'’. Electro-
erosion polishing and other methods
were also mentioned”. Across these
studies, rough or porous surfaces were
utilized to promote bone integration,
while highly polished transgingival
posts aimed to facilitate soft tissue
healing, thereby enhancing long-term
stability and minimizing the baseplate

footprint needed for
cement.

implant pla-

Discussion

SPIs, initially introduced in the early
1940s, have recently benefited from
design and digital manufacturing ad-
vancements, resulting in more stream-
lined  surgical  protocols.  This
systematic review aimed to evaluate the
current state of digitally manufactured
SPIs, focusing on their performance,
indications, safety, osseointegration,
and surface characteristics. In contrast
to the recently published review by
Anitua et al.””, this study distinguishes
between early and late, as well as



Table 8. Other complications.

VSP and customized subperiosteal implants

Complication Refs.

Details

Implant exposure

All

Mounir et al.'’, 2018
Mommaerts et al.'’”, 2019
Rinaldi et al.”’, 2020
Dimitroulis et al.’, 2023
El-Sawy et al.'?, 2024
Nemtoi et al.', 2022

Van den Borre et al.”?, 2023
John et al.”', 2023

10% (1/10)
11% (1/9)
13% (2/15)
24% (5/21)
25% (1/4)
38% (6/16)
65% (26/40)
100% (1/1)
37% (43/116)

biological and mechanical complica-
tions, and provides an indication-spe-
cific analysis across various clinical
contexts, including bone atrophy, on-
cology, MRONIJ, congenital and de-
velopmental craniofacial anomalies,
and revision cases following graft or
implant failures. This broader ap-
proach aims to clarify the specific ben-
efits and challenges of SPI usage across
different patient populations, poten-
tially guiding more tailored clinical de-
cisions.

The literature lacks direct compar-
ison between SPIs and other implant
types, such as zygomatic or endosseous
implants. The calculated short-term
survival rate of SPIs was 97.6%, com-
parable to the long-term survival rate
of 96.2% for zygomatic implants® and
the finding of Anitua et al."? of 97.8%.
However, data on success rates and
medium- and long-term clinical out-
comes of SPIs are lacking. The avail-
able data was derived exclusively from
observational studies encompassing 242
patients. Notably, a significant pro-
portion came from the same retro-
spective study (70 of the total 246
implants; 29%)” and a significant pro-
portion from three multicentre studies
conducted by the same international
team using the same type of implant (70
of the total 246 implants; 29%)%>*>°.

Traditional endosseous implants re-
quire adequate bone quantity and
quality, often necessitating complex
bone regeneration procedures such as
onlay/inlay bone grafting, guided bone
regeneration, alveolar ridge splitting,
distraction osteogenesis, or sinus aug-
mentation®. These techniques extend
the treatment duration and increase
patient risk and costs. In elderly pa-
tients with substantial bone loss and
potentially compromised health, the
invasive nature and heightened risks
associated with bone regeneration
techniques may be inadvisable™. Al-
ternatives include specially designed
implants, such as short, narrow, or

tilted types, as well as zygomatic or
pterygomaxillary implants, which re-
quire the presence of minimal bone and
should be placed by experienced clin-
icians™. Similarly, SPIs allow for a
single surgical session, potentially re-
ducing costs and providing a safer,
more predictable procedure in the short
term. This has refocused clinician at-
tention on using SPIs, particularly for
managing complex atrophy cases’.
Several studies have used SPIs as sal-
vage treatments for patients in whom
other implant therapies have failed.
This is critical to interpreting the suc-
cess and survival rates of SPIs, as pa-
tients with a history of unsuccessful
implant treatments may present addi-
tional clinical challenges that could af-
fect outcomes. SPIs offer a feasible
solution in salvage scenarios, severe
bone atrophy in compromised patients,
or patients with limited life expectancy.
Moreover, SPIs provide advantages
over endosseous implants with bone
augmentation, including immediate
prosthetic loading and mastication,
enhancing treatment efficiency and pa-
tient satisfaction”.

In the current analysis, SPIs were
primarily used for complete or partial
edentulism in atrophic maxillae or
mandibles, including severe
Cawood-Howell atrophy (type V or
higher), maxillomandibular  defor-
mities, absence of anterior teeth and
premaxilla in patients with cleft lip and
palate, and complete anodontia. Some
studies raised questions about whether
alternative treatment approaches might
have been suitable for certain cases.
For instance, Kollerov et al.”® in-
vestigated the development of an SPI
and its fixation methods using nitinol
retainers. However, specific informa-
tion on the indication and available
residual bone was not provided. This
demonstrates the need to discuss the
relevance of different anchoring
methods. All of the other authors used
osteosynthesis screws established in
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traumatology for fixation of the fra-
mework to the bone, with some studies
focusing on optimizing the screw—bone
interaction by studying the dimensions,
geometry, and number of screws' .

Mounir et al.'' set inclusion criteria
requiring sufficient bone volume for
standard root-shaped implants (23 mm
diameter, >8 mm length). Nemtoi et al.’
and Mangano et al.” included patients
with less than 10 mm of residual bone
who declined regenerative bone sur-
gery. Without detailed information on
individual cases, it remains con-
troversial whether SPIs offer ad-
vantages over alternative endosseous
implants (short, narrow, tilted) without
additional bone regeneration proce-
dures. This is especially relevant, as
recent systematic reviews and meta-
analyses indicate that extra-short or
narrow diameter endosseous implants
perform similarly to standard-length
implants in terms of marginal bone
loss, technical complications, and im-
plant survival’® **. Factors such as the
feasibility of immediate prosthesis pla-
cement, specific bone defect types, in-
dividual patient preference, and
surgeon experience might have influ-
enced these treatment decisions, al-
though the precise reasons remain
unspecified.

Overall, SPIs demonstrated high
short-term survival rates and stability
across various prostheses and jaw lo-
cations, with positive outcomes in
functionality, aesthetics, and patient
satisfaction. Methods to enhance os-
seointegration, such as additively
manufactured titanium, acid-etching,
and grit-blasting, were commonly em-
ployed™'"'”?*  Rough or porous sur-
faces promoted bone integration, while
highly polished transgingival posts fa-
cilitated soft tissue healing and en-
hanced long-term stability"->*7'117,
Animal studies have suggested that
post-fabrication surface modifications
can improve osteogenic and angiogenic
factors, although human clinical trials
are pending”. Comparing titanium and
PEEK SPIs, no differences were ob-
served in the supporting bone beneath
the implant''.

Infections were relatively rare (9%)
and manageable with antibiotics or
partial implant removal. Modern SPIs
facilitate easier removal of exposed
components, improving the manage-
ability of complications’'”*°. Fit is-
sues, often due to delays between
planning and implantation or thicker
CT slices (> 1 mm), could increase the
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infection risk and necessitate surgical
adjustments”'". Design improvements,
such as reduced zygomatic wing length
and optimized stabilizing posts, may
help lower infection rates'’. Finite ele-
ment studies have informed biomecha-
nical optimizations, reducing stress on
bone, implants, and abutments and al-
lowing for thinner frameworks, of ap-
proximately 0.7-1 mm''?4%4!,

Consistent with Anitua et al.', soft
tissue complications were the most fre-
quently reported issues with SPIs.
However, partial framework exposure
occurred in 37% (43/116) of cases,
considerably higher than the 25.6% re-
ported by Anitua et al.'® Exposure
rates for guided bone regeneration vary
widely, from 7.7% to 66.7% for vertical
alveolar bone augmentation with tita-
nium mesh”’ and from 16.8% to 39.4%
for lateral bone augmentation®’. These
are considered high rates. In contrast to
guided bone regeneration, where ex-
posure during the first four post-
operative weeks leads to inadequate
bone regeneration and possibly loss of
the graft™”, exposure in SPIs does not
appear to impact short-term survival.
Furthermore, modern CAD implants
facilitate easier trimming and partial
removal, potentially reducing the ad-
verse effects of soft tissue complications
on implant longevity. However, the
mid- to long-term clinical outcomes of
these complications still require further
investigation.

A key limitation of this review is the
absence of randomized controlled trials
and prospective studies, leading to re-
liance on lower-level evidence from
observational studies and case reports.
This heterogeneity precludes meta-
analysis and necessitates a cautious in-
terpretation of the findings. Despite
these limitations, this review offers a
comprehensive overview of current SPI
outcomes, highlighting their potential
as a viable option for complex cases
and stimulating future research to ad-
dress existing knowledge gaps.

In conclusion, modern digitally
manufactured SPIs demonstrate high
short-term survival rates overall and
across various indications. They gen-
erally fit well and are associated with
mostly minor early postoperative and
late complications that very rarely ne-
cessitate implant removal. The most
common complication, implant ex-
posure, does not seem to limit func-
tionality. However, to validate their
indication compared to other therapy
options, as well as their long-term

safety and effectiveness, further studies
involving comparison groups, patient-
reported outcome measures, and ex-
tended follow-up periods are essential.
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