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Introduction

The rehabilitation of the atrophic maxilla remains a
challenge for oral surgeons. Traditional approaches, combining
sinus augmentation with guided bone regeneration, have
proven effective but involve lengthy treatment times, invasive
procedures, and greater financial cost for patients. Moreover,
these techniques carry the risk of partial or total graft failure
[1,2]. Vertical ridge augmentation procedures, which are
essential for restoring adequate bone height for implant
placement, are highly technique-sensitive and carry a risk of
complications. A systematic review reported an overall
complication rate of 16.9% for vertical ridge augmentation,
increasing to 23.9% when using bone block graft [3].

Graftless techniques have been developed, with zygomatic
implants at the forefront. While their success is well
documented in the literature, these approaches are not
without complications and technical challenges [4,5].

In recent years, a previously unpopular method—subper-
iosteal implants— has returned to practice, particularly with
the advent of imaging software (CBCT) combined with
computer-aided design and manufacturing techniques [6-8].

Historically, subperiosteal dental implants were originally
introduced in the 1940s as a viable solution for patients with
severe alveolar ridge atrophy, offering an alternative when
conventional endosteal implants were not viable. Early
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Abstract - Introduction: Full-arch reconstruction with dental implants is considered the gold standard for dental
rehabilitation. However, in cases of advanced maxillary atrophy, the placement of conventional implants may be
unfeasible. Such situations can be managed using zygomatic implants or, alternatively, by placing subperiosteal
implants. Observation: A 74-year-old completely edentulous woman with severe maxillary atrophy was treated using
two subperiosteal implants. A provisional prosthesis was delivered 48 hours after the surgical procedure.
Conclusion: Subperiosteal implant placement appears to be an effective alternative to zygomatic implants for the
rehabilitation of the atrophic maxilla. This has been made feasible by the development of patient-specific virtual

designs, however, faced considerable limitations due to the
limitations of the manufacturing techniques and imaging
methods of the time. The lost-wax casting process frequently
resulted in imprecise fittings and structural inaccuracies, while
invasive bone impression procedures and suboptimal materials,
such as cobalt-chromium alloys prone to corrosion and adverse
tissue reactions led to high infection rates and low long-term
success. These technical and biological shortcomings eventu-
ally led to a decline in their use, especially as Dr Branemark’s
pioneering work on osseointegration marked the beginning of
the era of endosteal implants [6,9,10].

Recenttechnologicaladvancements have, however, renewed
interest of subperiosteal implants. Modern diagnostic tools such
as computed tomography (CT) and cone-beam CT (CBCT) now
allowfor precise, non-invasive mapping of the jawbone anatomy,
while CAD-CAM design and additive manufacturing techniques
(including direct metal laser sintering) enable the production of
highly customised, accurate implants. Additionally, improved
materials such as titanium and its alloys have enhanced
biocompatibility and osseointegration, significantly reducing
complications and invasiveness. Together, these innovations
have transformed subperiosteal implants into a promising, less
invasive alternative for rehabilitating patients with significant
bone loss [6-8,11].

This article presents a case of atrophic maxilla rehabilitation
using custom-made subperiosteal implants as an alternative to
zygomaticimplants, with a one-year follow-up. Oral consent was
obtained.
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Fig. 2. Zygomatic Implant Planning (A) Digital avatar and implant planning (B) Subnasal bone reserve.

Observation

A 74-year-old female patient was referred for fixed implant
rehabilitation of the maxilla and mandible. She had no
significant medical history. In the maxilla, she presented with
a mobile bridge supported by six implants. In the mandible,
five implants were exposed in the oral cavity. A panoramic
radiograph revealed peri-implantitis affecting the implants.
(Fig. 1).

The first step involved the removal of the maxillary and
mandibular implants, followed by the fabrication of adapted
complete removable prostheses. Three months later, an
evaluation was performed, including dual CT scans (patient
scan with the prosthesis in place and scan of the prosthesis
alone) and photographs taken with and without the prostheses
in place.

The radiological assessment revealed a maxillary atrophy
classified as Cawood class 6 [12]. Initially, we considered
rehabilitation using four zygomatic implants. However, during
planning (Blue Sky Plan software ®), we identified a very thin
residual bone thickness beneath the nasal floor in the area of
the anterior right zygomatic implant (0.74 mm), which posing
risks of oro-nasal communication and peri implant mucosal
dehiscence. Moreover, we have identified a maxillo-zygomatic
anatomy classified as ZAGA 4 [13], which implies an extra sinus
implant placement with anchorage being ensured solely by the
zygoma (Fig. 2).

We proposed a maxillary rehabilitation solution using
subperiosteal implants to optimally address both bone and
prosthetic constraints. Two custom-made subperiosteal
implants (AMSJI) were designed in collaboration with the
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Fig. 3. Subperiosteal implants on the printed model.

CADskills laboratory® using the patient’s DICOM and STL data.
Each of these implants featured five screw holes in the maxilla,
each associated with three multi-unit prosthetic connectors
(Fig. 3).

Surgery was performed under general anesthesia. The first
step involved raising a full-thickness flap using a crestal
incision and two distal retrotuberosal releasing incisions. The
bone was then thoroughly exposed to facilitate placement of
the custom-made subperiosteal implants according to the
patient’s anatomy. One of the main challenges was ensuring a
precise fit between the implants and the bone, as minor bone
interference, likely due to residual biomaterial from a previous
bone graft, complicated the procedure. Both implants were
fixed to the maxilla using self-tapping screws (diameter of
2.3 mm and length from 7 mm to 15 mm), and 4-0 Vicryl sutures
were placed around the pillars (Fig. 4). Bichat’s fat pad was
used to isolate the implants from oral cavity and to prevent
from dehiscence of peri implant soft tissues.

The flap closure around the implants did not require any
releasing incisions.

A digital impression was taken using four scan bodies like
an All-on-4 procedure, the final two multi-unit abutments was
used for the definitive prosthesis. A screw retained provisional
prosthesis was loaded on four abutments 48 hours later.
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Fig. 4. Intraoperative Procedure (A) Subperiosteal implants in place
with the flap raised (B) Mucosa closed over the multi-unit abutments.

Postoperative instructions included a mixed and soft diet
for three months. The treatment regimen comprised 7 days of
amoxicillin (3 g/day), 3 days of corticosteroids (60 mg per
day), and 10 days of chlorhexidine mouth rinses (three times
per day).

Six months later, the definitive prostheses were delivered.
In the meantime, four mandibular implants had been placed
without complication. No soft tissue dehiscence or implant
loosening was observed (Fig. 5).

One-year post-surgery, no soft tissue changes or implant
mobility were observed. The definitive prosthesis remained in
place, and the patient reported being satisfied both
functionally and aesthetically. (Fig. 6).

Commentary

Subperiosteal implants remained unpopular for a long time,
primarily due to the complexity of the manufacturing
techniques—which required two surgical interventions—
along with high postoperative infection rates and challenges
in prosthetic loading [6,9,10]. However, advances in 3D
radiological data acquisition (CBCT/DICOM), combined with
implant-design software and laser-based additive manufactur-
ing (CAD/CAM), have enabled the renewed interest of
subperiosteal implants as a potential technique for rehabili-
tating an atrophic maxilla [6].

In their systematic review, Anitua et al. reported an implant
survivalrate 0f 97.8%at 21 months [14]. These implants allow for
the functional loading of a prosthesis. Radiographic evaluation
of bone remodeling after additively manufactured subperiosteal
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Fig. 5. Clinical and radiological situation at 6 months: (A) Maxilla view(B) Mandibular view (C) Panoramic radiograph (D) Maxilla with the
provisional prosthesis.

Fig. 6. (A) Definitive prosthesis (B) Front picture.
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jaw implantation (AMSJI) did not exhibit significant alveolar
ridge atrophy. However it could be detected beneath the fixation
wings [15]. AMSJI's monobloc structure contributes to reduced
micromovement at the bone-implant interface. By eliminating
multiple connections and ensuring a seamless design, this
approach limits micromovements and fosters bone ingrowth,
ultimately improving long-term osteointegration and durability.
To assess its mechanical performance, AMSJI has been validated
using finite element analysis [16].

The literature indicates also reports, high patient satisfac-
tion and a significant improvement in oral health [17]. The most
commonly reported complications are hardware exposure in the
oral cavity and mobility; however, these issues rarely affect
implant survival [18,19].

However, significant limitations remain. According to
Herce Lbpez et al. The literature reveals that data on
subperiosteal implants are still scarce and primarily based
on short-term follow-up case series and retrospective studies,
making it difficult to draw robust long-term conclusions.
Common complications include soft tissue dehiscence leading
to implant exposure and other mechanical issues, such as
fractures of provisional prostheses. While these complications
do not appear to compromise short-term implant survival, their
potential long-term effects, especially regarding peri-implan-
titis and overall implant stability are still uncertain [20].

In comparison, zygomatic implants, a widely documented
rehabilitation technique with reported implant success rates of
96% at 6 years according to ITI (international team for
implantology) consensus report of 2023 [4] remain a treatment
of choice for rehabilitating the atrophic maxilla. However,
complications have been reported, most notably maxillary
sinusitis in 14.2% of cases [4]. This approach also allows for
immediate prosthetic loading [5]. This treatment approach is
considered complex and is not always feasible, as it depends on
the volume and density of the zygomatic bone. Moreover,
although rare, the risk of orbital floor involvement remains a
serious complication requiring advanced surgical expertise and
meticulous planning [21].

A 2025 retrospective study compared zygomatic implants
with subperiosteal implants over a five-year period, assessing
implant survival, soft tissue management, and postoperative
complications. The study included 150 patients, with
zygomatic implants evaluated for immediate functional
loading and sinus-related complications, while subperiosteal
implants were assessed for their customised design and soft
tissue integration. Results showed comparable survival rates
(zygomatic: 96.3%, subperiosteal: 97.1%, p=0.278). Howev-
er, zygomatic implants had a higher incidence of sinus-related
complications (12.4%) and potential orbital damage, whereas
subperiosteal implants had fewer cases of peri-implantitis
(5.6%, p < 0.05). Procedural duration was shorter for
zygomatic implants (177 min vs. 123 min), making them a
more time-efficient option. However, subperiosteal implants
allowed for re-implantation after failure, offering flexibility
unavailable with zygomatic implants. Soft tissue stability was
superior in subperiosteal implants, reducing the risk of soft
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tissue complications. Additionally, zygomatic implants, being
mass-produced, had lower manufacturing costs compared to
the 3D-printed, custom-designed subperiosteal implants. The
study concluded that zygomatic implants are advantageous for
immediate loading and shorter procedural times but require
advanced surgical expertise. In contrast, subperiosteal
implants offer a safer, customisable alternative, particularly
in anatomically complex cases, highlighting the importance of
individualised treatment planning [22]. To our knowledge,
there are no other articles comparing subperiosteal implants to
another rehabilitation technique.

While this case report provides valuable insights into the use
of custom-made subperiosteal implants for maxillary rehabilita-
tion, it presents inherent scientific limitations. As a single-case
study, it lacks the statistical power and generalisability of larger
cohort studies or randomised controlled trials. The absence of a
control group makes it difficult to compare the effectiveness of
subperiosteal implants with alternative treatments, such as
zygomaticimplants, in a standardised manner. Additionally, the
follow-up period of one year, though promising, is insufficient to
assess long-term implant survival, potential complications, and
bone remodeling processes over time. Further research,
including multi-center studies with larger sample sizes and
extended follow-up durations, is necessary to confirm the
reliability, safety, and long-term outcomes of this technique.

Conclusion

The rehabilitation of atrophic maxillae with custom-made
subperiosteal implants appears to be an effective and
predictable technique, largely due to advancements in digital
technologies. This method may represent a valuable alternative
to zygomatic implants, which remain technically demanding
are associated with a range of complications. However, further
long-term clinical studies are necessary to validate the efficacy
and stability of this treatment approach.
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