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Abstract. The aim of this study was to retrospectively analyse a series of patients 
with posterior mandibular atrophy rehabilitated with custom-made 
subperiosteal implants. The study included patients with severe posterior 
mandibular atrophy who had undergone rehabilitation with subperiosteal 
implants between September 2018 and August 2022 in the Maxillofacial Surgery 
Operative Unit of the University Hospital of Sassari. Complications and the 
success rate were reviewed. Data from 30 implants placed in 17 patients were 
included and analysed. There were no major complications during the surgeries. 
The main postoperative sequela was oedema, which was reported as moderate 
by most patients and had completely regressed within 10 days of surgery. No 
partial or complete exposures, infections, or loss of the implants were detected 
during follow-up (average follow-up 22.5 months). Control computed 
tomography scans, performed at 6 months and then annually in all cases, did not 
show significant bone loss below the abutments, displacement of the implants, or 
loss or loosening of the osteosynthesis screws. Subperiosteal implants may 
represent a safe and reliable technique for the rehabilitation of severe atrophy of 
the posterior mandible. Prospective studies with a long follow-up will be needed 
to establish the long-term results of this type of implant-prosthetic 
rehabilitation. 
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The implant-prosthetic rehabilitation 
of severe atrophy of the posterior 
mandibular region is a difficult chal
lenge1,2. Guided bone regeneration with 
autologous and alloplastic grafts cur
rently represents the gold standard for 
the treatment of this type of condition, 
as it allows the bone volumes required 
for correct positioning of the implants 
to be restored3–5. However, the long 
rehabilitation times and need for mul
tiple surgeries often make this proce
dure unacceptable for patients seeking 
a less biologically burdensome solution. 
The failure rate of bone grafts is still 
significant, ranging from 5% to 20%6. 
Furthermore, implants inserted in re
constructed bone have a significantly 
higher failure rate than those posi
tioned in the native bone, which can 
reach 13% after 1 year7, compared to 
the 1–3% failure rate for implants 
placed in native bone8. Only a few 
graftless techniques are available for 
the implant-prosthetic rehabilitation of 
the edentulous posterior mandible. 
Short implants are a safe and effective 
solution, supported by solid scientific 
evidence, however their use is not ap
plicable if the bone height above the 
inferior alveolar nerve (IAN) is less 
than 5 mm or if the bone thickness does 
not allow the placement of implants of 
a sufficient diameter9,10. Lateralization 
of the IAN is another technique by 
which a sufficient bone height for im
mediate implant placement can be ob
tained11,12. However, this is burdened 
by a significant rate of persistent neu
rological complications13,14 and is be
coming increasingly less popular. 

In 2017, Mommaerts15 developed 
and proposed a new concept of sub
periosteal implantology for graftless 
rehabilitation of the maxilla. This con
cept made it possible to manufacture 
custom-made implants using computer- 
aided design and manufacturing (CAD/ 
CAM) and laser melting technologies, 
with a new design that allows rigid 
fixation of the implant on the maxillary 
pillars, thereby making it possible to 
overcome all of the limitations histori
cally associated with this type of re
habilitation. In recent years, an 
increasing amount of scientific evidence 
has been published regarding the short- 
and medium-term safety and efficacy of 
this new generation of subperiosteal 
implants for the rehabilitation of the 
atrophic upper jaw16–22. 

The rehabilitation of the posterior 
mandible with new generation sub
periosteal implants is a topic much less 

addressed in the literature to date, and 
there are no precise indications regarding 
the design of the implants, the surgical 
technique, and the short-, medium-, and 
long-term outcomes. The aim of this 
study was to retrospectively analyse a 
series of patients with posterior man
dibular atrophy who were rehabilitated 
with additively manufactured custom- 
made subperiosteal implants. 

Materials and methods 

This study included consecutive pa
tients with severe posterior mandibular 
atrophy (e.g. Cawood and Howell class 
V and VI) who underwent rehabilita
tion with subperiosteal implants be
tween September 2018 and August 2022 
in the Maxillofacial Surgery Operative 
Unit of the University Hospital of 
Sassari. All patients had been followed 
up for a minimum of 6 months, during 
which they had regular clinical and 
radiological examinations. The study 
received ethical approval from the 
Ethics Committee of the University of 
Sassari (PG/2023/6411). This study has 
been reported in accordance with the 
Strengthening the Reporting of 
Observational Studies in Epidemiology 
(STROBE) guidelines23. 

Digital planning 

All patients eligible for rehabilitation 
with subperiosteal implants underwent 
cone beam computed tomography 
(CBCT) of the maxilla and mandible 
(slice thickness 0.1–0.3 mm) with a 
sufficiently large field of view to include 
the entire mandible, including the 
mandibular angles. The case study was 
completed with the acquisition of di
gital scans of both dental arches and 
with the diagnostic wax-up of the 
prosthetic project necessary to establish 
the orientation and length of the im
plant abutments. The prosthetic plan 
was prepared and executed by the same 
experienced prosthodontist (A.B.). 

The DICOM and STL files were then 
sent to the company responsible for 
manufacturing the implant (B&B 
Dental, San Pietro in Casale, Italy). 
The DICOM files obtained from the 
CBCT scan were extracted and im
ported into B&B Dental GS software 
(B&B Dental) which allows the bone 
segments to be reconstructed in three 
dimensions (3D). The 3D images were 
cleaned of scattering and other in
accuracies, and the course of the IAN 

was identified and marked. The STL 
files of the dental arches and of the di
agnostic wax-up were then merged with 
the 3D model of the jaws. The 3D files 
were imported into Meshmixer soft
ware (Autodesk, San Rafael, CA, 
USA) and the implant was designed in 
accordance with the surgeon’s indica
tions. The positions of the screw holes 
were determined taking into account 
the position of the IAN in order to 
avoid neurological damage during 
fixation. On the basis of the prostho
dontist’s preferences, cementable or 
multiunit abutments integrated into the 
structure of the implant were designed 
and manufactured. The abutments 
were always housed in slots created in 
the alveolar crest so that they could rest 
on the basal bone, which is less prone 
to further resorption over time. The 
length and orientation of the abutments 
were established in accordance with the 
diagnostic wax-up and the thickness of 
the gingiva, as determined by the scan 
of the arches. The implant was always 
designed with the goal of keeping the 
majority of the plate and the fixation 
screws as far away from the surgical 
wound as possible. For this reason, if 
all of the abutments were behind the 
emergence of the mental nerve, the 
implant was made to run below the 
nerve (Fig. 1). On the lingual side, a 
connection between the abutments was 
provided in all cases in which the my
lohyoid crest, a limit that cannot be 
crossed by the implant, was not too 
superficial. The 3D models of the 
bones, gums, prostheses, and implants 
were then re-imported into B&B Dental 
GS software and submitted for the 
surgeon’s approval. 

Implant manufacturing 

After approval of the project by the 
surgeon, the implant was made in grade 
V titanium by double laser melting 
technology (MYSINT100; Sisma, 
Piovene Rocchette, Italy). The implant 
then underwent a passage in a sintering 
oven (Nabertherm GmbH, Lilienthal, 
Germany) at 840 °C for 4 h and then at 
500 °C for a further 2 h to make the 
metal stable and free of porosity. 
During this process, the heat dis
tributed over the implant does not in
duce any dimensional changes. The 
abutments were then finished with the 
aid of a 5-axis milling machine (Datron 
D5; Datron Dynamics Inc., Milford, 
NH, USA), and the internal threads of 
the multiunit abutments, if any, were 
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made. The subperiosteal implant was 
finally washed in the organic acid 
Dowclene 1601 (Dow Chemical 
Company, Midland, MI, USA) to 
eliminate all possible impurities and fi
nally sterilized. The templates for pre
paring the slots for the housing of the 
abutments in the alveolar crest were 
milled in cobalt chrome (Datron D5) in 
order to be resistant and at the same 
time thin and easy to position. Finally, 
a stereolithography model of the jaw 
was 3D-printed in resin (Stratasys 
Objet30; Stratasys, Eden Prairie, MN, 
USA) and provided to the surgeon. 

Surgery 

The surgeries were performed by the 
same surgeon (L.A.V.), under local 
anaesthesia, without the aid of in
travenous sedation. Local anaesthesia 
was performed with articaine with 
1:100,000 epinephrine (Supplementary 
Material Video S1). An IAN block was 
not routinely performed as in any pos
terior jaw implant surgery. The vestib
ular fornix was infiltrated from the 
trigone to the incisor region both su
perficially and deeply, up to the inferior 
border of the mandible. Local anaes
thesia was then completed with in
filtration of the mandibular lingual side 
to cover the entire surgical site. A full- 
thickness mucosal incision was made 

following the course of the edentulous 
crest, extending mesially, in
trasulcularly, or paramarginally on the 
residual teeth. At the level of the 
edentulous crest, it is essential that the 
incision splits the residual keratinized 
mucosa, often reduced to a strip of a 
few millimetres, ensuring that at least 
2 mm is left on the buccal side so as to 
provide an adequate lining to the 
abutments. Two vestibular releases 
were then performed. The posterior 
release was performed at least 5 mm 
from the distal abutment in order to 
favour the healing of the mucosa 
around the latter. The position of the 
anterior release was instead established 
based on the length of the anterior arm 
of the implant; this should be more 
mesial than the nearest screw hole, to 
reduce the risk of exposure during 
healing. After the mucosal incision, a 
full thickness buccal flap was elevated, 
and the mental nerve was identified and 
preserved. The buccal side of the 
mandible was extensively skeletonized 
from the trigone region to the para
symphyseal area, extending inferiorly 
below the external oblique line towards 
the lower margin of the mandible. If the 
course of the implant required it, the 
mental nerve was isolated at 360° with 
the aid of a curved dissector. Finally, 
the periosteum on the lingual side of 
the mandible was elevated up to the 

mylohyoid crest, which represents the 
limit of the dissection. The cutting 
guide for ridge preparation was then 
seated in place and pressed firmly 
against the bone surface (Fig. 2A). The 
slots in the alveolar crest for the 
housing of the abutments were pre
pared using a cylindrical diamond bur 
(B&B Dental) with a diameter corre
sponding to the width of the slot. 
During the ridge preparation phases, 
especially if the IAN is very superficial, 
the patient may feel pain making it 
necessary to block the IAN. 

Supplementary material related to 
this article can be found online at 
doi:10.1016/j.ijom.2024.01.003. 

Once the housings for the implants 
had been made (Fig. 2B), the sub
periosteal implant was inserted. The 
insetting of implants that run above the 
mental nerve is simpler and does not 
require complete isolation of the mental 
nerve. Otherwise, implant insertion is a 
bit more complex: the anterior arm is 
inserted vertically below the nerve and 
gently pulled forward with forceps. 
Once the nerve has been passed, the 
implant can be placed horizontally and 
moved forward to its final position. 

The correct fitting of the implant was 
then meticulously checked. Any poor 
fittings are generally related to in
accurate preparation of the housings 
for the abutments. The housings were 
finished in these cases before fixing the 
implant. Once a satisfactory fit was 
achieved, the implant was pressed 
firmly into place. Rigid fixation was 
performed with 2-mm diameter grade V 
titanium osteosynthesis screws (B&B 
Dental). In order to avoid damage to 
the IAN, the length of the screw was 
decided on the basis of the underlying 
bone thickness, which was evaluated 
during the surgical planning; this could 
vary from 4 mm to 10 mm. The 1.7-mm 
surgical bur used for the preparation of 
the holes could be equipped with a stop 
at a pre-calibrated height. If the screw 
did not reach sufficient tightening 
torque, a safety screw with a diameter 
of 2.3 mm was used. Each implant was 
fixed with at least four osteosynthesis 
screws (Fig. 2C). Following completion 
of the fixation, the mucosa was sutured 
after releasing the periosteum 
(Fig. 2D). 

All patients were prescribed post
operative antibiotic therapy (amox
icillin + clavulanic acid 1 g twice daily 
for 6 days) and analgesics. Delivery of 
the provisional prosthesis took place 10 
days after surgery, after the sutures had 

Fig. 1. (A) Digital planning and (B) intraoperative view of a subperiosteal implant that 
runs below the mental nerve; case 14 (female, age 49 years). (C) Digital planning and (D) 
intraoperative view of a subperiosteal implant that runs over the mental nerve; case 10 
(female, age 65 years). 
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been removed. The provisional pros
thesis was fabricated based on a con
ventional precision impression and 
readapted as necessary during the fol
lowing months to facilitate the 

conditioning and healing of the soft 
tissues. The final prosthesis was deliv
ered 6 months after the surgery, once 
the soft tissues had been condi
tioned (Fig. 3). 

Evaluation protocol 

All patients underwent clinical and 
radiological follow-up, and any com
plications were recorded. The health of 
the soft tissues around the abutments 
was evaluated 6 months after the sur
gery, at delivery of the final prosthesis, 
and then every 6 months. Peri-implant 
bleeding on probing (BOP) was mea
sured at six sites per abutment (mesio
buccal, mid-buccal, distobuccal, 
mesiolingual, mid-lingual, and dis
tolingual) and classified into four 
grades as described by Mombelli24, 
from 0 (no bleeding) to 3 (heavy and 
profuse bleeding upon periodontal 
probing). The degree of exposure of the 
implant structure was also assessed, 
and classified as follows (score range 
0–5): no exposure of the structure 
(score 0), exposure of the vertical arm 
of the abutment (score 1), exposure of 
the horizontal arm of the implant 
(score 2), exposure of the horizontal 
arm and at least one osteosynthesis 
screw (score 3), exposure of the implant 
with mobility (score 4). Each of these 
scores could be subclassified into two 
categories based on whether there were 
associated painful or inflammatory 
symptoms (subgroup A) or not (sub
group B). Control computed tomo
graphy (CT) scans were performed 10 
days and 6 months after surgery and 
then annually. For the purposes of the 
study, the control CT scans were used 
to assess the extent of bone resorption 
beneath the abutments, as described 
previously for the rehabilitation of the 
upper jaw16. The degree of resorption 
for each abutment was assessed by 
comparing the CT scan at 10 days after 
surgery (T0) with those obtained at 6 
months (T1), 1 year (T2), 2 years (T3), 
and 3 years (T4) post-surgery. 

Statistical analysis 

The statistical analysis was performed 
using the open-source software Jamovi, 
version 2.3.18.0 (accessible online at www. 
jamovi.org). Data are presented as the 
absolute number and percentage of the 
total (categorical variables), or as the 
mean ±  standard deviation (quantitative 
variables). The differences in the amount 
of bone resorption beneath the abutments 
were assessed using the Student t-test for 
paired samples, with comparison of the 
values measured at T0 with those mea
sured at T1, T2, T3, and T4. The level of 
statistical significance was set at P  <  0.05 
with a 95% confidence interval. 

Fig. 3. Case 9 (female, age 64 years): (A) and (B) show intraoperative views; (C) and (D) 
show the final prosthesis delivered. 

Fig. 2. Case 11 (female, age 54 years): (A) placement of the surgical guide for the pre
paration of the alveolar ridge; (B) housings for abutments milled into the alveolar bone; 
(C) subperiosteal implant placed and fixed; (D) surgical access sutured. 

536 Vaira et al. 



Results 

Data from 30 implants performed in 17 
patients were included and analysed ret
rospectively. The sample included 15 fe
male patients and two male patients; their 
mean age was 60.4 years (range 48–77 
years). Supplementary Material Table S1 
provides a summary of the patient char
acteristics. The rehabilitation was uni
lateral in four cases and bilateral in 13. 
The mean duration of surgery was 
57.5 min (range 31–94 min), with a de
creasing trend over time due to the sur
geon’s learning curve. 

No major complications were en
countered during the operation. In 
three cases, inaccurate fitting of the 
ridge preparation template was found, 
due to small bone pre-contacts not de
tected by the CT scan. After elimina
tion of the pre-contacts with rotary 
instruments, it was possible to insert 
the guide and proceed with the pre
paration of the crest without any fur
ther problems. In all but one case, the 
implant fit was satisfactory. 

The main postoperative sequela was 
oedema, which was reported as mod
erate by most of the patients and re
gressed completely within 10 days of 
surgery. Temporary hypoesthesia of the 
innervation area of the mental nerve 
was reported for six implants, all pas
sing below the nerve. This recovered 
completely in all cases in an average of 
3.2 weeks. No infections or implant loss 
were detected during follow-up, which 
ranged from 7 to 53 months (average 
22.5 months). In 10 cases, the patient 
reported chewing discomfort im
mediately after delivery of the provi
sional prosthesis. This problem, 
probably linked to the conditioning of 
the gingiva or to the transmission of 
masticatory forces to the periosteum, 
always regressed within a few weeks. 
No particular prosthetic complications 
were detected either during the provi
sional phase or final prosthetic phase. 

The control CBCT scans, performed 
at 10 days after surgery, at 6 months, 
and then annually in all cases, did not 
show displacement of the implants, or 
loss or loosening of the osteosynthesis 
screws (Fig. 4). Analysis of the gap 
between the implant and the bone be
neath the abutments on the CT scans 
revealed no significant difference be
tween the gap at 10 days postoperative 
and the gap at 6 months (P = 0.297), 1 
year (P = 0.080), 2 years (P = 0.125), or 
3 years (P = 0.166) of follow-up 
(Table 1). During follow-up, none of 

the implants presented any type of ex
posure of the structure (score 0 for 
100% of cases). At 6 months, six out of 
71 abutments (8.5%) presented BOP, 
which was scored as 1 (a single isolated 
spot) in five cases and as 2 (confluent 
bleeding line) in one case. At 1 year, 
three out of 52 abutments (5.8%) con
tinued to present BOP, scored as 1 in all 
cases. BOP was present in 10% of 
abutments evaluated at 2 years (two 
abutments out of 20; score 1 in one case 
and score 2 in the other). 

Discussion 

Since 2017, there has been reignited in
terest in additively manufactured custom- 
made subperiosteal implants. The evi
dence on their safety and reliability in the 
treatment of severe maxillary atrophy has 
been corroborated by several authors15–22. 
However, it appears that, in recent years, 
only a few authors have studied the ap
plication of this new generation of 

implants in the mandible, despite the ori
ginal history of this type of implantology 
being entirely oriented towards the re
habilitation of the lower jaw25,26. 

In an animal study, Bai et al.27 eval
uated 12 custom-made subperiosteal im
plants placed in the mandible of six beagle 
dogs, by histology and microcomputed 
tomography. At 12 weeks after place
ment, both the implant and the fixation 
screws showed signs of ossification. The 
same study also analysed the von Mises 
stress distribution, highlighting how the 
implant can disperse the physiological 
load delivered by chewing on the teeth 
surfaces without areas of implant struc
ture overload. 

Only Mangano et al.28 have presented 
results for additively manufactured sub
periosteal implants used to rehabilitate 
atrophic posterior mandibular sectors. 
The authors reported a 1-year survival 
rate of 100% in a series of 10 patients. 
However, the implants used still featured 
a first-generation design, with the ma
jority of the structure lying just below the 

Fig. 4. Case 4 (female, age 59 years): postoperative CBCT scan obtained at 24 months 
after surgery showing a good fit of the implant and no evidence of bone loss below the 
abutments. 

Table 1. Results of the evaluation of the degree of bone resorption beneath the abut
ments.       

Observation time (number of 
abutments) 

Bone gap (mm) Mean  
±  SD 

Paired samples t-test 

Statistic df P-value  

T0 versus T1 (n = 71) 
T0 0.379  ±  0.234 1.05 70.0 0.297 
T1 0.361  ±  0.214 

T0 versus T2 (n = 52) 
T0 0.392  ±  0.237 1.79 51.0 0.080 
T2 0.348  ±  0.203 

T0 versus T3 (n = 20) 
T0 0.410  ±  0.255 −1.61 19.0 0.125 
T3 0.480  ±  0.161 

T0 versus T4 (n = 15) 
T0 0.413  ±  0.245 −1.46 14.0 0.166 
T4 0.487  ±  0.141 

SD, standard deviation; df, degrees of freedom; T0, 10 days after surgery; T1, 6 months 
after surgery; T2, 1 year after surgery; T3, 2 years after surgery; T4, 3 years after surgery.  
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surgical wound, rigid fixation placed in 
the alveolar bone, and no crestal pre
paration, with the abutments resting on 
the residual bone profile. Over time the 
alveolar bone may undergo further re
sorption with the loss of screws or decu
bitus of the implant below the mucosa 
and subsequent exposure. These were the 
factors behind the significant rate of loss 
of first-generation subperiosteal implants 
over the long term15,21. For this reason, 
certain factors should be particularly 
taken into account during implant design 
planning and surgery. 

The buccal portion of the implant 
should run as far from the surgical 
wound as possible to prevent bacterial 
colonization and possible exposure. 
This is a well-established concept in 
mandibular fracture fixation, where the 
complication rate goes from more than 
10% for the upper plate to less than 1% 
for the inferior29,30. Furthermore, in 
this way it is possible to position the 
osteosynthesis screws in the areas of 
greatest resistance of the jaw, following 
the physiological distribution lines of 
the masticatory and muscular forces 
specified by Le Fort and Champy31. 
For this reason, if the positioning of the 
abutments allows it, the implant should 
always run below the emergence of the 
mental nerve. With this configuration 
of the implant, complete isolation of 
the nerve and its adequate protection 
minimize the risk of neurological defi
cits, which, if present, recover within a 
few weeks of the operation. In order to 
avoid traction damage, tissue retraction 
should be stopped in the downtime of 
surgery and the closest screw holes 
should be placed at least 5–8 mm from 
the mental foramen. 

The literature does not provide data on 
the minimum number of osteosynthesis 
screws required. Not less than four screws 
per implant were used in this series, which 
is the number that is sufficient for rigid 
fixation of favourable mandibular frac
tures. In any case, the osteosynthesis 
screws only provide primary stability to 
the implant and allow for immediate 
loading21. The masticatory load is dis
tributed and supported by the bone un
derlying the plate, as demonstrated by 
finite element analysis18. 

The abutments should always be 
housed in special slots created in the 
alveolar crest and rest on the basal 
bone, which is less subject to resorption 
over time. At present, it is not known 
what effect the distribution of masti
catory loads has on the maintenance of 
bone trophism in subperiosteal 

implants in the long term. De Moor 
et al.18, in a prospective 1-year follow- 
up study, detected an average 0.2 mm 
of crestal bone resorption around sub
periosteal implants in the maxilla; this 
is similar to the resorption reported in 
the literature for endosseous implants. 
Furthermore, removal of the residual 
alveolar ridge is often necessary to 
create a regular support base for the 
abutment, especially in the case of 
purely horizontal defects. Bone resorp
tion beneath the abutments was eval
uated in this study, and no significant 
variations in the implant/bone gap were 
observed over time. The gap detected in 
the postoperative CT scan at 10 days 
could be due to minor inaccuracies in 
the CT processing or implant produc
tion, the production of the crestal 
template, or, more likely, a slight over- 
preparation of the crest during the 
creation of the slots for the abutments. 
This gap was larger in the first implants 
of the series, where a ball bur was used. 
In the more recent cases, a larger cy
lindrical bur was used, which could rest 
on the edges of the template, allowing 
more precise preparation. Interestingly, 
the average gap reduced during the first 
year after surgery, although not sig
nificantly. This could be related to the 
fact that the implant itself, beneath the 
abutment, may act as a titanium 
membrane, preventing the invasion of 
the gap by connective tissue and al
lowing the regeneration of the under
lying bone. The absence of significant 
resorption beneath the implants in this 
study aligns with findings reported by 
other authors regarding the upper jaw, 
where porous titanium implants and 
screws were used16,18–20,28. Similarly, in 
the cases included in this study, both 
the implant and the screws were made 
of grade V porous titanium. This con
sistency may support the hypothesis 

that the use of porous titanium devices 
can mitigate stress shielding effects20. 

On the lingual side, the connection of 
the abutments is not possible if the my
lohyoid line is very superficial. In fact, its 
positioning would make it necessary to 
dissect the muscle from the jaw and, 
above all, an undercut would be created 
that could not be crossed by the implant. 
In the present series, no complications 
related to the absence of the lingual con
nection were identified in the short or 
medium term, but studies on the dis
tribution of loads and finite element ana
lysis will be necessary in the future to 
evaluate the reliability of this design. 

Regarding the possible indications, 
subperiosteal implants are primarily 
indicated for graftless rehabilitation of 
severe atrophy of the posterior man
dibular sectors, particularly when the 
residual bone volumes are insufficient 
for the use of short implants. Short 
implants have proven to be a safe and 
reliable technique, yielding satisfactory 
long-term results9,10,32. Compared to 
subperiosteal implants, they can be 
placed using guided and less invasive 
techniques. Like short implants, sub
periosteal implants do not provide for a 
restoration of the bone height, often 
necessitating compromises in prosthetic 
aesthetics and requiring the filling of a 
larger prosthetic space with longer 
teeth. However, in many cases, despite 
a significant vertical bone deficit, the 
prosthetic space is reduced due to the 
hyper-eruption of the upper teeth 
(Fig. 5). In such scenarios, the use of 
regenerative techniques would result in 
further reduction of the prosthetic 
space, making it impossible to accom
modate a prosthesis without en
croaching on the upper opposing teeth. 

The primary limitation of this study 
is the retrospective design and the re
latively small number of patients. In the 

Fig. 5. Case 14 (female, age 49 years): (A) during digital planning, the CT scan showed 
severe atrophy of the mandible; (B) preoperative view; (C) the definitive prosthesis; note 
the height of the teeth which, despite the severe vertical atrophy, is not increased, due to 
the hyper-extrusion of the upper opposing teeth. 
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future, prospective studies and rando
mized trials will be needed to effectively 
determine the ideal implant design and 
the number and location of fixation 
screws. Although some cases had a 
follow-up of 4 years, this is still not suf
ficient to draw definitive conclusions on 
the long-term results of rehabilitations 
with subperiosteal implants. It will be es
sential to monitor the health of the soft 
tissues over time, as they are crucial for 
maintaining an adequate seal around the 
abutments, preventing implant exposure, 
and avoiding bone resorption. With the 
first-generation subperiosteal implants, 
this process typically occurred at ≥5 years 
from placement. A benefit of the new 
generation of subperiosteal implants is the 
housing of the abutments directly at the 
level of the basal bone, which tends to 
resorb less over time. Therefore, the im
plant should be less affected by possible 
resorption of the bone surrounding the 
abutments. In this study, splitting of the 
residual keratinized mucosa and careful 
conditioning of the soft tissues were suf
ficient to obtain an adequate amount of 
keratinized gingiva, preventing exposures 
and inflammation of the gingiva around 
the abutment. Future studies should 
evaluate the feasibility of using connective 
or gingival grafts. Moreover, the sample 
size was too small, and the results not 
supported by finite element analysis, to 
draw definitive clinical conclusions about 
the shape of the implants and the site of 
fixation. Large-scale prospective studies 
will be necessary to obtain meaningful 
clinical data. 

Based on the results of this study, ad
ditively manufactured subperiosteal im
plants could represent a safe and reliable 
technique for the rehabilitation of severe 
atrophy of the posterior sectors of the 
mandible. Pending the results of pro
spective studies on larger patient series, 
the choice of implant design should be 
guided with respect to the principles of 
osteosynthesis and the biology of the 
mandibular bone. Studies with longer 
follow-up will be needed to establish the 
long-term results of this type of implant- 
prosthetic rehabilitation. 
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