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The aim of this retrospective study was to analyze a series of patients who underwent full-arch rehabilitation of
the atrophic maxilla using additively manufactured subperiosteal implants, between August 2018 and January
2023, at the Universities of Sassari and Poznan. In total, 36 patients and 72 implants were included, with no
implants lost during follow-up, and a success rate of 90.3%. Seven (9.7%) of the implants showed class 1
exposure. Bleeding on probing was detected in 10.4% of the abutments at 6 months, 7.9% at 1 year, 10% at 2
years, 7% at 3 years, and 11.4% at 4 years. No significant bone resorption under the abutments was detected
during the whole observation period. Based on the findings from this study, additively manufactured sub-
periosteal implants could represent a safe and reliable technique for full-arch rehabilitation in patients with

1. Introduction

The implant-prosthetic rehabilitation of Cawood and Howell’s Class
V and VI atrophies of the upper jaw represents a difficult challenge,
necessitating multiple surgeries and long rehabilitation times (Rinaldi,
2023). When severe atrophy affects the anterior sectors of the maxilla,
Le Fort I osteotomy with autologous bone graft inlays is currently
considered the treatment of choice (Schlund et al., 2016; Varol et al.,
2016). This approach enables the restoration of a sufficient quantity of
bone for implant placement, and allows correction of the Class III
malocclusion that often results from anteroposterior resorption of the
maxilla. However, the approach requires a major procedure under

general anesthesia, which is associated with a significant rate of com-
plications (Laventure et al., 2022). Additionally, the rehabilitation times
are lengthy, and the costs are high, making this approach increasingly
less acceptable to patients.

In recent years, there has been growing interest in graftless re-
habilitations for atrophic maxillae (Cooper et al., 2020; Choo et al.,
2023). This approach aims to reduce rehabilitation times and allows for
patient rehabilitation with immediate loading in a single surgical pro-
cedure. Regarding full-arch rehabilitation, zygomatic implantology is
currently supported by the most substantial scientific evidence (Rose-
nstein and Dym, 2021).

The placement of four zygomatic implants, possibly combined with
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Fig. 1. (A) Digital planning of implant-prosthetic rehabilitation. (B) Postoperative follow-up after 6 months. (C) Insetting of the right implant. (D) Insetting of the

left implant.

pterygoid implants or an implant at the level of the nasal spine, allows
for the rehabilitation of severe atrophies of the upper jaw with a
medium-term implant survival rate of 90-95% (Lan et al., 2021;
Ramezanzade et al., 2021; Brennand Roper et al., 2023). However, the
placement of zygomatic implants requires adequate surgical skills, a
thorough understanding of the region’s anatomy, and high patient
compliance, especially if performed with conscious sedation alone. It is
also associated with a significant rate of severe complications, such as
orbital perforations, ocular damage, infraorbital nerve injury, maxillary
sinusitis, and peri-implantitis at the zygomatic buttress level (D’Ag-
ostino et al., 2021; Gabriele et al., 2023). For these reasons, it is a
technique limited to a few professionals, and difficult to disseminate
widely in the field of dentistry. The implant emergence is also deter-
mined by the shape of the zygoma and upper jaw and, even with the
extra-sinus technique, is often very palatal. Finally, in many cases of
upper jaw atrophy, the zygomatic arches are also atrophic, making the
placement of two zygomatic implants impossible or highly complex.

In 2017, a novel approach to subperiosteal implantology for graftless
rehabilitation of the maxilla in cases of atrophy or postablative defects
was introduced and advocated by Mommaerts (2017) and Gellrich et al.
(2017). This innovative concept leverages the advancements in CAD/-
CAM and laser melting technologies to create tailor-made implants. The
design of these implants is such that they can be rigidly fixed onto the
maxillary pillars, effectively addressing and overcoming the traditional
limitations associated with this rehabilitation method.

To date, the literature offers only a limited amount of data con-
cerning the functional outcomes of rehabilitations with subperiosteal
implants (Cerea and Dolcini, 2018; Van den Borre et al., 2021; Nemtoi
et al.,, 2022; Van den Borre et al., 2022; Dimitroulis et al., 2023).
Consequently, there are no consensual guidelines regarding the design
of the implant or the type and location of fixation. Additionally, there is
a scarcity of information on the possible complications and their man-
agement, and about the short- and long-term functional outcomes of
these procedures. The aim of our study was to retrospectively analyze a
series of patients who underwent full-arch rehabilitation of the atrophic
maxilla using additively manufactured subperiosteal implants.
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2. Materials and methods

This retrospective multicenter study included consecutive patients
with Cawood and Howell Class V and VI atrophy of the maxilla, who
underwent full-arch rehabilitation with additively manufactured sub-
periosteal implants, between August 2018 and January 2023. The study
was conducted in the Maxillofacial Surgery Operative Unit of the Uni-
versity Hospital of Sassari and the Department of Prosthodontics and
Gerostomatology of Poznan University of Medical Sciences. All the pa-
tients were followed up for a minimum of 1 year, with regular clinical
and radiological evaluations. Given its retrospective nature, the study
was exempt from approval by the ethical committee (Poznan University
of Medical Sciences ethical committee, protocol number 64/24). The
reporting of this study adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines (von Elm
et al., 2007).

2.1. Digital planning and implant manufacturing

All the patients were subjected to cone-beam computed tomography
(CT) of both the maxilla and mandible. These scans had a slice thickness
of 0.1-0.3 mm and covered a comprehensive field of view, encompass-
ing the whole maxilla, including the entire cheekbones. The CT scans
were performed using a radiological template with radiopaque markers,
based on the prosthetic planning. The study further involved acquiring
digital impressions of both dental arches and the radiological template
used during the CT scan. For each participating center, an experienced
prosthodontist prepared and executed the prosthetic plan. The resulting
DICOM and STL files were forwarded to B&B Dental (San Pietro in
Casale, Italy), the company tasked with fabricating the implant.

The DICOM files from the CT scans were processed using B&B Den-
tal’s GS software, enabling the 3D reconstruction of bone segments.
These 3D images were refined to eliminate scatter and other inaccura-
cies. The STL files, including those of the dental arches and the diag-
nostic wax-up, were then integrated with the 3D jaw model. Next, the 3D
files were imported into Meshmixer software (Autodesk, San Rafael, CA,
USA) for the implant’s design, based on the surgeon’s instructions and
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Fig. 2. (A) Insetting of the right implant. (B) Insetting of the left implant. (C) Immediate loading of the temporary prosthesis. (D) Follow-up at 6 months.

previous finite element analysis conducted by other authors (Mom-
maerts, 2019; De Moor et al., 2022). In every instance, the rehabilitation
process was planned with the implementation of two distinct implants,
one for each side. Each implant featured two arms with osteosynthesis
screw holes: one arm on the nasomaxillary pillar and the other on the
maxillomalar pillar, extending to the anterior face of the zygomatic arch.
The positioning of the screw holes was determined based on the un-
derlying bone thickness, with at least two holes planned for each arm.
All implants were equipped with multiunit abutments integrated into
the implant structure. These abutments were placed in slots created in
the alveolar crest, allowing them to rest deeper relative to the residual
basal bone in order to prevent further resorption beneath the abutments.
The length and orientation of the abutments were matched with the
diagnostic wax-up and the gingival thickness, as determined from the
arch scans. A chrome-cobalt surgical guide was fabricated to allow for
the preparation of slots in the alveolar crest. On the palatal side, the
abutments were solidified by a palatal connection with a screw hole, if
the underlying bone thickness allowed. Finally, the 3D models of the
bones, gums, prostheses, and implants were reimported into the B&B
Dental GS software for the surgeon’s final review and approval (Fig. 1).
Following the surgeon’s endorsement of the project, the implant was
crafted from grade V titanium using advanced double-laser melting
technology (MYSINT100; Sisma, Piovene Rocchette, Italy). The implant
was then subjected to a sintering process in an oven (Nabertherm
GMBH, Lilienthal, Germany), initially at 840 °C for 4 h and subsequently
at 500 °C for an additional 2 h. This step was crucial to ensure the ti-
tanium’s stability and eliminate any porosity, without altering the im-
plant’s dimensions. The abutments were precisely shaped using a five-
axis milling machine (Datron D5; Datron, Milford, NH, USA), and the
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MUA'’s internal threads were created as needed. To remove any con-
taminants, the subperiosteal implant was thoroughly cleansed with the
organic acid DOWCLENE 1601 (Dow Chemicals Corporation, Midland,
MI, USA) and then sterilized. The templates for carving out slots in the
alveolar crest to fit the abutments were milled from cobalt chrome
(Datron D5; Datron, Milford, NH, USA), chosen for its durability and
ease of handling. In the final stage, a stereolithography model of the
maxilla was produced in resin using a 3D printer (Stratasys Objet 30;
Stratasys, Eden Prairie, MN, USA) and handed over to the surgeon for
reference.

2.2. Surgery

The surgeries included in this series were performed by four different
surgeons (LAV, AB, MR, and GDR), using local anesthesia complemented
by superficial intravenous sedation with diazepam. The surgical pro-
cedure is presented in Video 1. The local anesthesia was administered
using articaine with 1:100 000 adrenaline. The infraorbital nerve and
zygomatic nerves were blocked extraorally to ensure anesthesia of the
upper front of the surgical field. Intraorally, anesthesia was applied to
the upper vestibular fornix and then on the palatal side blocking the
greater palatine and nasopalatine nerves. In all cases, the use of two
separate implants entailed handling one surgical field at a time.

Supplementary data related to this article can be found online at htt
ps://doi.org/10.1016/j.jcms.2024.06.016

For each side, a full-thickness incision of the mucosa was made at the
level of the alveolar crest with two vestibular releases, one at the midline
and one posterior, at least 5 mm from the most distal abutment. The
incision was made 2-3 mm palatally, to reposition a sufficient layer of
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Table 1
Patients’ characteristics.
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Patient ID Age Gender No. of abutments No. of screws Duration of surgery (minutes) Implant- or prosthestic-related complications Follow- up (months)
Right Left Right Left
1 53 M 3 3 7 6 122 None 64
2 56 M 3 3 6 6 95 None 60
3 61 F 4 4 5 6 110 Class 1 exposure 56
4 64 F 3 3 6 6 89 None 56
5 71 M 3 3 6 7 92 None 53
6 59 F 3 3 6 6 134 None 49
7 58 F 3 3 6 6 87 None 48
8 67 M 3 3 5 6 84 Delayed episode of zygomatic region edema 44
Class 1 exposure
9 62 F 2 2 7 5 75 None 42
10 70 M 3 3 7 6 83 Class 1 exposure 40
11 52 F 2 2 6 7 112 Class 1 exposure 37
12 58 F 2 2 6 5 91 None 36
13 61 M 2 2 6 6 65 None 33
14 67 F 2 2 7 6 102 Infection, with loosening of one screw 31
Class 1 exposure
15 60 M 2 2 6 5 86 Class 1 exposure 30
16 58 F 2 2 5 5 82 None 28
17 51 F 2 2 6 7 76 Delayed episode of zygomatic region edema 28
18 55 F 2 2 7 7 92 None 26
19 71 M 2 2 6 7 99 Class 1 exposure 25
20 69 M 2 2 6 6 103 Breakage of the provisional prosthesis 24
21 62 F 2 2 5 6 87 None 23
22 60 F 2 2 7 6 78 None 23
23 56 M 2 2 7 7 64 Delayed episode of zygomatic region edema 21
24 57 F 2 2 6 6 71 None 20
25 63 M 2 2 5 5 68 None 20
26 58 F 2 2 6 6 95 None 20
27 67 F 2 2 6 6 84 Delayed episode of zygomatic region edema 19
28 53 M 2 2 7 7 135 None 18
29 62 F 2 2 6 6 81 None 17
30 61 F 2 2 7 6 75 None 16
31 67 F 2 2 6 5 79 Delayed episode of zygomatic region edema 14
32 57 F 2 2 5 6 88 Delayed episode of zygomatic region edema 14
33 59 M 2 2 6 6 96 None 13
34 69 F 2 2 6 6 82 None 12
35 57 M 2 2 5 5 74 None 12
36 53 F 2 2 7 5 84 None 12

keratinized gingiva on the vestibular side of the abutments. After the
incision, a full-thickness flap was raised on both the palatal and
vestibular sides. The dissection of the maxilla, in this first phase, did not
extend beyond the alveolar crest area, in order to accommodate the
crestal preparation template. Using this template, slots for the abutment
housing were prepared, deep enough to reach the basal bone. In the
more distal sites, the crest preparation could reach the sinus membrane,
which needed to be carefully preserved and detached in such cases. In
the event of perforations, a resorbable membrane was placed under the
abutment.

Once the crestal preparation was complete, the skeletonization of the
upper maxilla was completed by proceeding upwards to identify and
preserve the infraorbital nerve and completely detach the nasomaxillary
pillar and the zygomatic buttress. This maneuver could be facilitated by
cutting the more anterior insertions of the masseter muscle. The sub-
periosteal implant was then inserted and its fitting checked. Rigid fix-
ation was achieved with 2 mm-diameter grade V titanium osteosynthesis
screws (B&B Dental, San Pietro in Casale, Italy). The length of the screws
was based on the underlying bone thickness, and varied between 10 mm
and 14 mm at the zygomatic buttress, between 4 mm and 6 mm at the
nasomaxillary pillar, and between 4 mm and 8 mm at the palate. If a
screw did not provide a sufficiently strong closure torque, a 2.3 mm-
diameter safety screw was used. Each implant was fixed with at least two
screws per pillar, to ensure sufficient primary stability for immediate
loading (Fig. 2A and B). After fixation was completed, the implant
structure was covered using resorbable membranes or cortical laminae,
or by transposing the Bichat’s fat pad. The mucosa was then passivated
using periosteal releases and sutured.
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After the surgery, all patients received a prescribed course of anti-
biotics (amoxicillin with clavulanic acid, 1 g twice daily for a duration of
6 days), along with pain relief medication. Immediate loading was
performed in all the cases (Fig. 2C and D), with a fixed provisional
prosthesis screwed into the MUA. The definitive prosthesis was provided
6 months following the surgical procedure, after the soft tissues had
undergone adequate conditioning. All patients were prescribed a soft
diet for the first 15 days and then advised to avoid harder foods until the
final prosthesis was delivered.

2.3. Evaluation protocol

Every patient was subject to both clinical and radiological moni-
toring postsurgery, with a focus on identifying any complications.
Complications were categorized according to Clavien-Dindo classifica-
tion (Dindo et al., 2004). Evaluations of the soft-tissue health sur-
rounding the abutments were conducted 6 months postsurgery during
the final prosthesis fitting, and subsequently every 6 months. The
peri-implant bleeding on probing (BOP) was assessed at six different
points around each abutment (these points being mesiobuccal, mid-
buccal, distobuccal, mesiolingual, midlingual, and distolingual). This
assessment followed a four-grade scale, as outlined by Mombelli
(Mombelli, 2005), ranging from O (indicating no bleeding) to 3
(denoting severe and extensive bleeding upon probing). Additionally,
the exposure level of the implant structure was evaluated using a
five-point scale: no exposure (score 0); exposure of the abutment’s
vertical arm (score 1); exposure of the implant’s horizontal arm (score
2); exposure of both the horizontal arm and at least one osteosynthesis
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screw (score 3); and exposure of the implant, accompanied with
mobility (score 4). Each level was further divided into two subgroups, A
and B, based on the presence or absence of painful or inflammatory
symptoms (Vaira et al., 2024).

CT scans were conducted 10 days postsurgery, again at 6 months,
and thereafter on an annual basis. These scans were crucial for the study,
particularly for evaluating the extent of bone resorption beneath the
abutments — a method previously established for upper jaw rehabili-
tation (Van den Borre et al., 2021). The degree of resorption at each
abutment was determined by comparing CT scans taken 10 days after
surgery (TO) with those at 6 months (T1), and at 1 (T2), 2 (T3), 3 (T4),
and 4 (T5) years.

On the basis of the parameters collected, the success rate of the im-
plants was determined by modifying the criteria of Albrektsson et al.,
(1986), established for endosseous implantology: implant that is
immobile when tested clinically; radiography that does not demonstrate
evidence of bone resorption around more than one screw per maxillary
buttresses; no evidence of maxillary sinusitis if not present before the
surgery; bone loss that is less than 0.2 mm annually after the implant’s
first year of service; no persistent pain, discomfort, or infection; no ev-
idence of exposure of the implant structure, whether symptomatic or
not.

2.4. Statistical analysis

The statistical analysis was conducted using Jamovi, an open-source
statistical software, version 2.3.18.0, which is available at www.jamovi.
org. The data are represented both as absolute numbers and as per-
centages of the total. For quantitative variables, descriptive statistics are
presented as mean values along with their standard deviations. To
analyze the differences in bone resorption under the abutments, Stu-
dent’s t-test for paired samples was utilized. This involved comparing
the measurements taken at the initial time point (TO) with those at
subsequent time points — T1, T2, T3, T4, and T5. A p-value of less than
0.05 was considered statistically significant, within a 95% confidence
interval.

3. Results

In total, 36 patients (comprising 72 implants), consecutively oper-
ated on between August 2018 and January 2023, were included and
retrospectively analyzed. The cohort included 22 women and 14 men,
with an average age of 61.1 years (ranging from 51 to 71 years) and a
mean follow-up of 30.1 months (range 12-64 months), as detailed in
Table 1. Of these cases, 34 presented with complete edentulism at the
time of surgery, while two cases involved patients with residual endo-
sseous implants with periimplantitis, which were removed during the
surgical procedure. No major complications were observed during the
surgeries. There was one instance of poor implant fitting on an abut-
ment, attributed to an inaccurate assessment of the residual bone level in
the implant removal site during the surgery. The average duration of the
surgeries was 89.4 min, ranging from 64 to 135 min.

The most common postoperative sequelae were edema and bruising
in the infraorbital region, which fully resolved within the first few weeks
after surgery. Thirteen patients experienced temporary hypoesthesia of
the infraorbital nerve, which completely resolved by the 6-month
follow-up. One case involved altered skin sensitivity in the region of
the zygomatic buttress and the temporal area, which also fully resolved
within the 6-month follow-up period. One patient had a breakage of the
provisional prosthesis, which was replaced without further complica-
tions. No other issues related to either the provisional or final prosthesis
were reported. From 15 days after the operation, no patient reported
chewing difficulties when taking the prescribed diet, and in all cases it
was possible to return to a diet that included even the hardest foods after
the delivery of the definitive prosthesis.

In four previously uneventful cases, varying from 2 to 23 months
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Table 2
Bone resorption under the abutments — results of statistical analysis.

Observation time Bone gap (mm)

Mean + SD

Paired-samples t-test

Statistic DF p-value
TO versus T1 (N = 164)
TO 0.374 + 0.2227 —-0.857 163.0 0.392
T1 0.385 + 0.191
TO versus T2 (N = 164)
TO 0.374 + 0.227 0.492 163.0 0.623
T2 0.368 + 0.187
TO versus T3 (N = 100)
TO 0.373 £ 0.212 -1.603 99.0 0.112
T3 0.398 + 0.182
TO versus T4 (N = 68)
TO 0.365 + 0.216 —1.522 67.0 0.133
T4 0.372 £ 0.219
TO versus T5 (N = 44)
TO 0.373 £ 0.212 —1.857 43.0 0.070
T5 0.389 + 0.209

SD: standard deviation; DF: degrees of freedom; TO: 10 days after surgery; T1: 6
months after surgery; T2: 1 year after surgery; T3: 2 years after surgery; T4: 3
years after surgery; T5: 4 years after surgery.

postoperatively, patients experienced an episode of asymptomatic
edema in the region of the zygomatic buttress, which completely
resolved with antibiotic and corticosteroid therapy, without recurrence
of the issue. There was one case of infection of the implant at the level of
the zygomatic buttress; a CT scan revealed loosening of one of the
osteosynthesis screws, and the issue completely resolved following
antibiotic therapy and screw removal. No implants were lost during
follow-up. Overall, 19 complications categorizable according to Clav-
ien-Dindo were detected: grade 1 in 14 cases, grade 2 in 4 cases, and
grade 3a in one case.

Throughout the observation period, seven implants (9.7%) showed
class 1 exposure (i.e. exposure of the abutment’s vertical arm). In every
case, exposure was observed within the first year following surgery,
without any associated inflammatory symptoms. All instances were
managed conservatively through the topical application of chlorhexi-
dine and routine professional oral hygiene maintenance. These expo-
sures were closely monitored over time, showing stability in five cases
and regression in two cases, with one case experiencing complete res-
olution. Six months postoperation, 17 out of 164 abutments (10.4%)
exhibited BOP, with 13 cases rated as 1 (indicating a single isolated spot)
and four cases rated as 2 (indicating a continuous line of bleeding). After
1 year, BOP was observed in 13 out of 164 abutments (7.9%), rated as 1
in 10 cases and 2 in three cases. Two years into the follow-up, BOP was
noted in 10% of the abutments assessed (10 out of 100), with eight cases
receiving a score of 1 and two a score of 2. Six (scored as 1 in four cases
and 2 in two cases) and five (scored as 1 in three cases and 2 in two
cases) instances of BOP were detected during the 3-year (7% of 86
abutments) and 4-year (11.4% of 44 abutments) follow-up evaluations,
respectively.

In every instance, follow-up cone-beam CT scans conducted 10 days
postsurgery, 6 months later, and yearly thereafter, consistently indi-
cated that the implants remained stable, with evidence of screw loos-
ening in only four cases (0.9% of 434 screws). When examining the
space between the implant and the underlying bone at the abutments,
there were no notable changes observed from the initial postsurgery CT
scans through to the follow-ups at 6 months (p = 0.392), 1 year (p =
0.623), 2 years (p = 0.112), 3 years (p = 0.133), and 4 years (p = 0.070),
as detailed in Table 2.

Overall, the 72 implants included in the study had a survival rate of
100% and a success rate of 90.3%.

4. Discussion

Subperiosteal implants were first proposed in the 1940s by Dahl, but
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due to technical difficulties, the necessity for two surgeries, poor fitting
of the implants, and resorption of the alveolar bone beneath the abut-
ments over time, their use never became widespread. In 2017, a new
generation of subperiosteal implants was introduced, leveraging tech-
nological advancements in digital planning and the ability to manu-
facture implants using laser melting (Gellrich et al., 2017; Mommaerts,
2017). This new design was based on finite element analysis, taking into
account the distribution of masticatory forces on the maxillary resis-
tance pillars (De Moor et al., 2022; Zielinski et al., 2023). Since then, the
use of subperiosteal implants has been described in various reports for
the rehabilitation of patients with severe atrophies (Cerea and Dolcini,
2018; Nemtoi et al., 2022; Van den Borre et al., 2022; Dimitroulis et al.,
2023) or post-resection defects (Korn et al., 2021; Cebrian Carretero
et al., 2022; De Riu et al., 2023) of the upper jaw.

However, data on the short- and medium-term functional outcomes
of subperiosteal implants are scarce, based on small case series, and
involve non-homogeneous types of rehabilitation. Cerea and Dolcini
reported a series of 70 implants used for sectorial and total re-
habilitations of the maxilla and mandible, noting three cases of implant
failure at 2 years (Cerea and Dolcini 2018). Nemtoi et al. (2022) and
Dimitroulis et al. (2023) reported their experiences with the rehabili-
tation of atrophic jaws using subperiosteal implants, with average
follow-ups of 6 and 22.4 months, respectively, each reporting the loss of
one implant in series of 16 and 21 implants, respectively. Also in these
studies, the type of rehabilitation varied widely, including partial or
total edentulism of both the maxilla and mandible.

In our series, which included only full-arch rehabilitations of the
upper jaw, no implant was lost, with an implant survival rate of 100% at
an average follow-up of 30.1 months. One patient developed an infec-
tion, with CT scans revealing loosening of one of the zygomatic screws,
which resolved after its removal. In four cases, patients experienced
isolated episodes of delayed edema in the zygomatic region, which
completely regressed with cortisone therapy and was not associated
with screw issues on CT scans.

This study demonstrated that the rehabilitation of severe atrophies of
the upper jaw is a reliable technique, with a high success rate in the short
and medium term. The design of the implant is fundamental to the
success of the procedure. All implants used in this study, made of porous
grade V titanium, were designed based on previous studies on finite
element analysis to optimize masticatory load on the implant structure
and on the osteosynthesis screws, and to reduce stress shielding on the
bone surfaces. The holes on the zygomatic arm of the implant were
designed to lie on the anterior face of the zygoma. This has a triple
advantage: first, the detachment of the zygoma is less extensive; second,
the screws are inserted at a favorable insertion angle, reducing the dif-
ficulty of tissue retraction; third, it is possible to use longer screws
(12-14 mm) by exploiting the major axis of the zygomatic arch.

Unlike previous studies, full-arch rehabilitation was achieved with
two separate implants rather than a single one, as suggested by Mom-
maerts (2019). This presents several advantages: it is possible to manage
one operative field at a time, reducing bleeding and the spread of local
anesthetic; the detachment of the upper jaw is more limited compared
with that required to insert a single implant; there is no need for
extensive detachment of the palatal fibromucosa and sacrifice of the
nasopalatine nerve; in case of infection problems with part of the
implant, only the affected part needs to be removed.

One of the issues with first-generation subperiosteal implants was
that the abutments rested on remnants of alveolar bone, which, over
time, were subject to further resorption, risking exposure and implant
failure. A significant advantage of virtual planning is the possibility to
provide housing carved into the residual alveolar ridge, so that the
abutment can rest directly on the basal bone, which is less prone to
resorption over time. In this series, great care was taken during the
planning of the interventions to remove any possible remnants of alve-
olar bone and provide the abutment with as regular a bone support as
possible. With these precautions, bone resorption beneath the
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Fig. 3. (A) Soft-tissue healing at 24 months postoperatively. (B) No evidence of
bleeding on probing at 2-year follow-up.

abutments was not significant throughout the observation period, even
in implants with at least 4 years of follow-up. This confirms the findings
of de Moor et al. (de Moor et al., 2022) in a prospective study with a
12-month follow-up, which detected an average resorption of 0.2 mm,
comparable to that reported for endosseous implants. The fitting of the
implant depends strictly on the precision of the CT scan, while any
sources of error introduced by dental elements or residual implants need
to be extracted during the procedure. In cases where the abutments are
placed in the site of extractions, it is advisable to proceed with dental
extraction before performing the CT scan or, if this is not possible, to
plan for a very deep abutment slot, reaching to the bottom of the socket.

In our series, seven implants (9.7%) had exposure of the vertical arm
above the abutments without signs of mucositis (Fig. 3). This compli-
cation is common and has been reported by other authors (Nemtoi et al.,
2022; Dimitroulis et al., 2023; Van den Borre et al., 2023) with a fre-
quency ranging from 65 to 23.8%, and does not appear to undermine the
survival of the implant or be perceived as a problem by the patient (Van
den Borre et al., 2022). Such cases are subjected to professional oral
hygiene protocols and recession monitoring, reserving possible surgical
treatment only for symptomatic cases (Van den Borre et al., 2022;
Herce-Lopez et al., 2024). In some cases, conservative treatment can
lead to an improvement or a complete regression in the recession.

Our series demonstrated a significant reduction in the number of
exposures over time (Table 1) following the implementation of measures
to thicken the soft tissues on the vestibular aspect. The incision tech-
nique has evolved, transitioning from a crestal incision to a slightly
palatal incision, which leaves a thicker strip of keratinized mucosa on
the vestibular side of the abutments. It is crucial that the strip of palatal
mucosa does not exceed a thickness of 2-3 mm, considering it is
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Fig. 4. Evidence of class 1 exposure of the implant structure, without associ-
ated inflammatory symptoms.

vascularized by the angiosome of the greater palatine artery, and thus, if
overly thick, it may be prone to ischemia and necrosis. Further thick-
ening of the soft tissues above the implant was achieved using collagen
membranes or by covering the implant structure with Bichat’s fat pad,
which was harvested and fixed to the lateral margin of the pyriform
notch. This approach also allowed for the projection of the paralateral
nasal area, which is often underprojected in patients with severe
maxillary atrophy (Rubio-Bueno et al., 2013). The periimplant soft tis-
sues generally exhibited a satisfactory state of health (Fig. 4), with less
than 10% of the abutments showing BOP, which was always of minor
severity, across all observation periods.

The main limitations of our study were its retrospective nature and
the relatively small patient cohort, which may have limited the reli-
ability of the results. While some patients were followed up for more
than 4 years, this duration was insufficient to conclusively assess the
long-term outcomes of subperiosteal implant rehabilitations. Contin-
uous monitoring of soft-tissue health is imperative, as it plays a vital role
in ensuring a proper seal around the abutments, which is key to pre-
venting implant exposure and mitigating bone loss. Furthermore, the
surgeries were performed by four different surgeons, all highly skilled,
which could have introduced a degree of variability in the outcomes.
Nonetheless, all surgeons adhered to the same surgical and planning
protocol, and no significant differences were observed in the duration of
surgery or complication rates among them. Finally, at present there are
no shared and validated success criteria for subperiosteal implants. In
this study, some of the accepted criteria for endosseous implantology
were modified and used. In the future it will be necessary to establish
specific success criteria for subperiosteal implantology.

5. Conclusions

Based on the findings of this study, additively manufactured sub-
periosteal implants have proven to be a safe technique for full-arch
rehabilitation in patients with severe maxillary atrophy. The patient
series exhibited a 100% implant survival rate and a 90.3% success rate,
with an average follow-up of over 2 years, demonstrating the tech-
nique’s reliability in the short to medium term. Further studies with
longer follow-up periods are needed to monitor bone resorption and the
health status of the soft tissues beyond 5 years, to determine if these
promising results can be sustained over the long term.
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