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Technical Note

IntRoductIon

For the treatment of edentulous patients with advanced 
maxillary bone atrophy, we consider following options: 
tilted implants, bone grafting and conventional endosseous 
implants, zygomatic implants, and the additively manufactured 
subperiosteal implant (AMSJI®). The maxilla can be divided 
into molar, premolar, and anterior zones.[1] The quantity and 
quality of bone and the residual ridge morphology available 
for implants is checked in each zone. If the bone and ridge 
morphology are deficient only in the molar zone, then tilted 
implants can be used to avoid involvement of the maxillary 
sinuses, or else a sinus-floor augmentation procedure can 
be used. If the bone quantity and ridge morphology are 
deficient in the molar zone and the premolar zone, then bone 
grafts associated with sinus lifting or zygomatic implants 
with standard implants in the anterior area are indicated. 
Finally, when the deficiency in bone quantity and residual 
ridge morphology extends to the anterior zone, patients 
require either full-arch bone grafting associated with sinus 
augmentation[2] or four zygomatic implants.[3] Recently, we 

began using the additively manufactured subperiosteal jaw 
implant (AMSJI®)[4,5] for patients with advanced, Cawood 
and Howell[6] Class V to VIII, atrophy. The AMSJI® is a 
three-dimensionally (3D) printed, titanium, patient-matched, 
subperiosteal implant that can be applied through a minimally 
invasive procedure, requiring local anesthesia only. Another 
major advantage of the AMSJI® is that it allows for immediate 
masticatory, esthetic, and phonetic function.

Many patients have residual dentition in a state of advanced 
periodontal/endodontic disease that can no longer be used 
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prosthetically and must be removed. In those cases, part of 
the alveolar bone will remain after the teeth are extracted, 
which over time will undergo disuse and misuse atrophy.[7,8] 
When the alveolus has not yet been completely resorbed, there 
is no immediate indication for an AMSJI®, because the main 
structure (Mainframe) of the subperiosteal implant leans on 
the alveolus, and after resorption of the alveolus, the arms of 
the implant become exposed, and peri-implantitis can strike.

The basal bone does not change shape significantly after 
edentulation, whereas the alveolus changes shape horizontally 
and vertically. In the anterior and posterior maxilla, bone 
loss occurs both vertically and horizontally from the buccal 
aspect.[9] Therefore, in cases where dental elements still have 
to be removed or were recently removed, there may still be a 
quantity of alveolus present. To install an AMSJI®, we would 
need to wait for resorption of the alveolar bone to occur, 
which exposes a paradoxical situation: there is not enough 
bone for other implant-prosthetic solutions, whereas there is 
not yet sufficiently advanced bone atrophy for the AMSJI® to 
be considered. The following protocol extends the possibility 
of using the AMSJI® for patients with Cawood and Howell 
class IV atrophy.[6]

MateRIals and Methods

Ethics
The procedures followed were in accordance with the Helsinki 
Declaration of 1975, as revised in 2000. All patients consented 
to expose anonymized date from their medical records.

Setting
University Hospital, General Hospital, Private Clinics.

General protocol
Computerized tomography (CT) Digital Imaging and 
Communications in Medicine data were translated into 
stereolithographic files using Mimics Innovation Suite 
(Materialise, Heverlee, Belgium). Virtual edentulation was 
performed through different density thresholds with Geomagic 
Freeform Plus (3D-systems GmbH, USA) [Figure 1]. Then, the 
natural postextraction bone resorption process was simulated, 
and the bone of the virtual alveoli after resorption was gauged. 
A vertical ostectomy guide (VOG) was then designed using 
Geomagic Freeform Plus so that the part of the alveolus that 
would be most subject to atrophy after edentulation could be 
surgically reduced rather than allowed to remodel naturally 
over time. Studies of postextraction bone atrophy[9] showed 
that in the upper jaw, atrophy takes place predominantly in 
the centripetal direction, resulting in marked resorption of the 
buccal bone. Therefore, a horizontal ostectomy guide (HOG) 
was designed for buccal reduction. The VOG and HOG were 
then 3D printed in titanium alloy (SLM Solutions, Lübeck, 
Germany). The use of the ostectomy guides provided a way to 
surgically anticipate the natural postextraction bone resorption 
process, significantly reducing the time after edentulation that 
patients must wait for an AMSJI® to be installed. In some cases, 

simultaneous resection and reconstruction was possible. The 
bone that became available after the ostectomies could be 
grafted in defects or around the posts of the AMSJI® to simulate 
the well-known endosseous implant situation.

We distinguished two different clinical situations. The first 
was when the alveolar bone to be resected was outside the 
area that supported the AMSJI®. The second was when the 
alveolar bone to be resected was within the area that will 
support the AMSJI®. The determination of which situation 
applied was made in the predesign phase of the AMSJI® 
implantation procedure and determined the timing. In the 
first situation, the AMSJI® could be installed at the same 
time that the bone was resected. In the second situation, it 
was sometimes possible to simultaneously remove part of 
the residual alveolar bone and install the AMSJI®, whereas 
in other cases, it was better to wait several months after the 
ostectomy before installing the AMSJI®. The presence of 
infections and the distance between the planned ostectomy 
and the infected area were key factors in the decision of 
whether to perform the ostectomy and install the AMSJI® 
simultaneously or consecutively. In cases, where the 
ostectomy could not completely eliminate the areas of 
infection, the procedures were performed consecutively with 
an intervening period for natural remodeling.

An AMSJI® was sometimes requested after a previous implant 
or prosthetic fails, in which case it was necessary to remove 
osseointegrated implants before the AMSJI® was installed. 
Zygomatic implants are sometimes used in the treatment of 
atrophic jaws, and when they fail, their removal can leave 
extensive bone defects in the zygomatic buttresses, which 
were one of the main fixation zones for the AMSJI®. In such 
cases, the placement of the AMSJI® was deferred until natural 
remodeling occurred after the previous implant was removed. 
When the root tips reached inside the maxillary sinuses, or 
the thickness of the sinus floor was reduced, we believed 
that it was best to wait for bone healing before installing an 
AMSJI®. In that case, the waiting period allowed for a more 
stable bone support surface and less posttraumatic remodeling 
after implantation. The type of anesthesia required, local or 
general, depended more on the psychology of the patient 
than on the choice between a simultaneous or consecutive 
approach.

Technical guidelines
Our major recommendations after experiences with 15 cases of 
simultaneous reductive osteotomy and AMSJI® implantation 
are summarized as follows:
• Envision buccal mucoperiosteal flaps up to the midline 

with a central vertical relaxation incision [Figure 2]
• Vertical alveolar bone reduction is guided by the caudal 

platform of the VOG [Figure 3]
• Provide two crestal support arms in the posterior zone and 

one under the anterior nasal spine (VOG) [Figure 4]
• Leave 3 mm of bone below the maxillary sinuses (VOG) 

[Figure 5]



Figure 1: Virtual edentulation

Figure 2: Sharp knees are to be avoided (yellow arrows)

Figure 3: Vertical ostectomy guide, screw fixated 1. Piezoelectric blade 
2. Caudal platform of the vertical ostectomy guide

Figure 4: Vertical ostectomy guide with right-sided crestal arm (A) and 
anterior support at the anterior nasal spine (B)

Figure 5: Leave minimally 3 mm of crestal bone under the alveolar 
maxillary sinus recess (black arrows)

Figure 6: Horizontal resection using horizontal ostectomy guide only in 
areas where arms or mainframe will be located
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• Only resect horizontally in the area where the implant 
arms will be designed (HOG) [Figure 6]

• Avoid sharp angles in the arms [Figure 2]. Bevel the 
ostectomy sides (HOG)

• Have the VOG and HOG made in titanium (so it is possible 
to hammer them in place using a punch)

• Consider the design of the handle (direction, knee VOG 
and HOG [Figure 7]). It should not interfere with the shaft 
of the handpiece (reciprocating saw or piezo surgery)

• The preference for screw fixation, which requires one 
extra hand, or a manually positioned handle, depends on 
the surgeon [Figures 7 and 8].

Results

We performed simultaneous AMSJI® placement and 
dental extraction with surgical ridge reduction using 
VOGs and HOGs in 15 patients (8 females, 7 males; mean 
age 61 years) between February 2019 and March 2020. 



Figure 8: The horizontal ostectomy guide held in place by screw 
fixation (yellow arrow) in the same holes as the vertical ostectomy 
guide before
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Follow-up ranged from 8 to 19 months. Two of the patients 
experienced exposure of a knee in one of the arms of the 
AMSJI® within 1 and 8 months after the AMSJI® was 
installed. One dehiscence closed spontaneously. In the 
other patient, the buccal arm was disconnected from the 
post, and the wound primarily closed.

dIscussIon

The systematic review by Van der Weijden et al.[9] of 
dimensional changes of the alveolar bone after dental extractions 
indicates that resorption is very rapid in the first 6 months and 
subsequently continues at a very slow rate throughout life. The 
main bone loss occurs in the horizontal dimension, especially 
in the buccal part of the maxilla.[10-12] The bone loses more in 
thickness (3.87 mm) than in height (1.67–2.03 mm), causing 
the alveolar bone crest to move to a more palatal position.

When there are prominent roots of the front teeth under a thin 
buccal bone plate, the postextractive bone resorption mainly 
affects the buccal bone wall.[13] It has also been reported that, 
when teeth are present, a buccal bone plate with thickness 
>2 mm is predictive of greater stability of the buccal bone 
surface.[14] In addition, many other systemic and local factors 
influence the extent of postextraction bone resorption, such 
as smoking and the patient’s overall state of health. Many 
candidates for AMSJI® implantation already have removable, 
total, or partial prostheses. The reduction of residual alveolar 

bone is much faster during the 1st year of removable prosthesis 
use[15] and much slower thereafter.

There are many types of removable prostheses. Their correct 
adaptation is important for the transmission of the masticatory 
load to the underlying bone. Skeletal prostheses (frames) are 
frequently connected to precision crowns on natural teeth. 
In those cases, it is possible to have bone resorption in the 
saddle areas, leaving some quantity of residual bone where the 
teeth are still present. Such a situation is a typical example of 
where it is recommended to use resection guides and remove 
the alveolar bone left after edentulation. Roux[16] suggested 
that bone loss following tooth extraction is caused by disuse 
atrophy. Wolff’s law states that bone adapts its structure 
in relation to mechanical demands. According to the Utah 
paradigm of skeletal physiology,[7] the state of bone adaptation 
between disuse and overload is maintained with a range of 
forces between 1000 and 1500 microstrain.[17] Rubin et al.[18] 
observed that the maximum bone strains measured in various 
animal species were between 2000 and 3500 microstrain, 
corresponding to bone remodeling. Those strains are about 
50% of the yield strain of cortical bone, indicating that nature 
applies a safety factor of two. To avoid stress shielding due 
to incorrect distribution of forces, the AMSJI® structure must 
be perfectly adherent to the underlying bone so that it is 
maintained in a state of adaptation. Finite element analysis 
determines the necessary resiliency of the AMSJI® structure.

The scan prosthesis should represent the fixed prosthesis of 
the supporting titanium structure that will be manufactured 
together with the AMSJI®. A duplicate of the existing removable 
prosthesis does not always provide a good representation for 
the design of the new fixed prosthesis. If there is residual 
dentition in the molar or premolar zones, a partial scan 
prosthesis is made using a wax-up of the front teeth, and the 
new dental arch is designed, keeping the molar and premolar 
zones as a reference for a the new 3D-printed provisional 
prosthesis, but with improved aesthetics and positioning in 
the anterior zone. In that way, the choice between a hybrid or 

Figure 7: Handles freeing assisting hands (a) The anterior handle of this 
vertical ostectomy guide retracts the upper lip. Note the screw fixation 
(b) The angulated handle of this horizontal ostectomy guide does not 
interfere with the reciprocating saw or piezo handpiece

b

a
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double structure and a Dolder bar-retained prosthesis can be 
made on the basis of access for personal hygiene. A double 
structure with removable denture might better support the lip 
and allow easier cleaning. If the existing frontal dentition can 
be considered the future ideal situation, a partial scan prosthesis 
is made using a wax-up in the premolar and molar zones. If 
the residual dentition in all zones is deficient, all teeth are 
removed virtually from an optical scan or manually from a 
gypsum model, and an ideal dental arch is made as a wax-up. 
Optical scans of the gypsum model containing the teeth to be 
removed and the model with the wax-up dental arch are used 
to overlap with the dentition visualized in the CT scan of the 
patient.[19] The new ideal dental situation is then related to the 
bony structures using the design software. A totally digital 
approach would even be possible using facial scanners and 
digital smile design.

We found that the bone morphology after osteotomy with a 
VOG influenced some of the design details of the prosthetic 
mainframe. In the design of the postposition (prosthetic 
connections), the teeth in the scan prosthesis are often not 
positioned exactly in the center of the bony crest. If an 
osteotomy is performed, the bone surface becomes flat, and 
consequently, the structure designed to connect the post to the 
rest of the prosthesis is liable to form sharp corners that can 
cause soft tissue dehiscence. That happens especially if the 
posts are not in the center of the alveolar ridge. To overcome 
that problem, we prefer to use a HOG to create a more rounded 
bone profile and to place the posts in the center of the newly 
shaped alveolar crest.

The limitations of this technical note are that numerical data 
on outcome are not provided. Long-term bony regrowth or 
further resorption may create complications. A prospective 
radiological follow-up study with a 15-year span will not be 
feasible.

conclusIons

The use of ostectomy guides has the potential to extend the 
use of the AMSJI® to all cases in which there are still teeth to 
be removed, or where there are bony ridges yet to be resorbed. 
The shape of the bone after ostectomy directly influences the 
design of the AMSJI®. Therefore, it is important to avoid sharp 
corners in the implant structure using a HOG. Sharp corners can 
cause soft-tissue dehiscence over time. This approach can be 
used to reduce the time and invasiveness of the rehabilitation 
treatment and also to adapt the morphology of the bone, if it 
is not favorable, to the needs of the AMSJI®.
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