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A vertically deficient posterior maxillary edentulous ridge in conjunction with sinus pneumatization or extensive 
horizontal bone resorption presents significant challenges for implant placement and restoration with an implant-
supported fixed prosthesis. Various surgical techniques have been reported for the reconstruction of the vertically 
deficient posterior maxilla: guided bone regeneration, sinus elevation, block and/or particulate grafting with barrier 
membranes, and distraction osteogenesis. This clinical report describes the technique, the management of intrasurgi-
cal complications, and the 3-year follow-up results of augmenting the vertically deficient posterior maxilla with a seg-
mental osteotomy prior to rehabilitation with an implant-supported fixed prosthesis. (J Prosthet Dent 2013;110:69-75)
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The atrophic posterior maxilla may 
pose a significant challenge for den-
tal implant placement and implant-
supported prostheses. The most fre-
quent causes of maxillary atrophy 
are poor bone quality, excessive sinus 
pneumatization after tooth loss, trau-
matic volume loss, and the extensive 
bone resorption frequently associ-
ated with long periods of partial or 
complete denture use. The resulting 
morphology of the residual alveolar 
ridge may preclude ideal implant po-
sitioning and rehabilitation, and the 
deficit may be classified as vertical, 
horizontal, and/or combination. Vari-
ous treatments for reconstructing the 
vertically deficient posterior maxillary 
edentulous ridge are available: sinus 
elevation, guided bone regeneration 
(GBR) with block and/or particulate 
grafts and barrier membranes or tita-
nium mesh, distraction osteogenesis, 
and forced orthodontic eruption of 
failing teeth.1-12

Sinus elevation is a predictable 
procedure but implant placement 
cannot be performed simultaneously.4 

The procedure requires a prolonged 
healing time of up to 9 months. Verti-
cal augmentation of the alveolar ridge 
is necessary in patients with extensive 
resorption of the alveolar ridge to al-
low implant insertion and esthetic 
prosthetic rehabilitation.2,3,11 Autolo-
gous bone, allografts, and xenografts 
with GBR have been used with vari-
able success.10,11 A second donor site 
may be necessary and this aspect may 
be objectionable to some patients. 
Forced orthodontic extrusion and 
distraction osteogenesis have been 
shown to yield satisfactory bone aug-
mentation, but patient compliance 
may be difficult to achieve given the 
significant length of treatment re-
quired and the associated potentially 
high morbidity.5-7,12 Regeneration of 
an atrophic ridge is even more diffi-
cult if the area of interest is surround-
ed by an otherwise dentate arch. The 
health of the remaining dentition 
must be considered when selecting 
the appropriate grafting and recon-
structive technique.

The segmental osteotomy (SO) is a 

well-established procedure in orthog-
nathic surgery and allows the reposi-
tioning of dentoalveolar segments for 
the correction of skeletal deformities 
and malocclusions.13-18 The poste-
rior maxillary segmental osteotomy 
(PMSO) is an alternative option that 
enables the reconstruction of a bony 
defect by repositioning an osseous 
segment with rigid fixation to pre-
pare the site for dental implant place-
ment.13-16 Implant insertion can occur 
simultaneously with the osteotomy 
and repositioning of the osseous seg-
ment or it can occur after a 4-month 
consolidation period. The success of 
the segmental osteotomy is critically 
dependent on immobilization and the 
preservation of the blood supply to 
the repositioned osseous segment.19

This clinical report describes the 
surgical and prosthodontic proce-
dures and the 3-year clinical follow-
up of a patient with a severe com-
bination (vertical and horizontal) 
defect of the right posterior maxilla. 
The application of the PMSO enabled 
3-dimensional (3D) reconstruction of 
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the deficiency and prosthodontic re-
habilitation with an implant-support-
ed fixed prosthesis.

CLINICAL REPORT

A 33-year-old woman presented 
to the postdoctoral Prosthodontics 
clinic at Columbia University College 
of Dental Medicine, New York com-
plaining of pain and discomfort in the 
right maxillary quadrant. The patient’s 
medical history was noncontributory, 
and no contraindications for treat-
ment were noted. The patient denied 
any use of alcohol or tobacco prod-
ucts. Intraoral evaluation revealed a 
3-unit interim fixed dental prosthesis 
(FDP) extending from the right canine 
to the second premolar with Miller 
grade-III mobility.20 Severe hard and 
soft tissue loss resulted in a large de-
fect with substantial vertical and trans-
verse components (Fig. 1A). Probing 
depths for the FDP abutment teeth 
ranged from 3 to 10 mm, whereas the 
overall periodontal condition of the 
rest of the mouth was stable.

Radiographic examination revealed 
severe localized bone loss with both 
vertical and horizontal components in 
the right maxilla (Fig. 1B). Panoramic 
and periapical radiographs showed 
a mucous retention cyst in the right 
maxillary sinus. The patient was as-
ymptomatic at the time of evaluation 
and denied recent symptomatology 
associated with the cyst. Evaluation 

by the Ear Nose and Throat (ENT) de-
partment confirmed the diagnosis and 
history; immediate removal of the cyst 
was not indicated at the time of evalu-
ation given its chronic nature.

Occlusal examination showed 
an Angle Class I canine relationship 
with a vertical overlap of 4 mm and 
a horizontal overlap of 2 mm. The 
mandibular left first molar was miss-
ing and the maxillary left first molar 
was extruded. Anterior guidance was 
acceptable. The patient had a moder-
ate smile line and exhibited a 1-mm 
diastema between the central inci-
sors. The periodontal prognosis of 
the maxillary right canine and second 
premolar was deemed hopeless be-
cause of severe bone loss, mobility, 
and the probing depths. Extraction of 
these teeth was recommended.

Various treatment options were 
discussed with the patient for replac-
ing the teeth to be extracted. The 
patient expressed a wish for fixed 
implant restorations and refused to 
consider any removable prostheses or 
multiple surgical interventions.

The surgical options discussed 
with the patient were onlay block 
grafts (with either intraoral or extra-
oral harvesting sites), guided bone 
regeneration (GBR) with particulate 
grafts in combination with barrier 
membranes or porous titanium mesh, 
distraction osteogenesis, and PMSO. 
Sinus elevation was not immediately 
considered as an option because of 

the presence of the mucous retention 
cyst in the right maxillary sinus. Sec-
ondly, the significant vertical deficit al-
ready present and the one anticipated 
after the extraction of the abutment 
teeth would not allow ideal implant 
placement. The patient declined the 
onlay block grafting as she was not 
willing to undergo a harvesting proce-
dure. In agreement with the patient, 
the choice was made to proceed with 
the PMSO to achieve simultaneous 
vertical and horizontal augmentation 
of the maxillary crest. The prosth-
odontic treatment plan included an 
implant-supported FDP to replace 
the maxillary right canine, first and 
second premolars, and first molar. 
The initial phase of the treatment in-
cluded the atraumatic extraction of 
the maxillary right canine and second 
premolar, followed by insertion of a 
clear vacuum-formed template (Es-
six Plastics; Dentsply Raintree Essix, 
Sarasota, Fla). The area was allowed 
to heal for 8 weeks (Fig. 2).

The PMSO was performed. Inci-
sions and the extent of dissection were 
designed to preserve and maximize 
the blood supply to the osteotomized 
segment. A full-thickness vestibular 
incision was made 3 to 4 mm above 
the mucogingival junction (MGJ) to 
expose the maxillary bone in the seg-
ment. The incision was made anteri-
orly from the distal aspect of the right 
maxillary lateral incisor to the mesial 
aspect of the second molar. A sub-

 1  A, Initial intraoral clinical view. B, Initial panoramic radiograph.
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periosteal dissection was performed 
to expose a sufficient amount of max-
illary bone; care was taken to avoid 
extending the dissection beyond the 
maxillary crest towards the palatal 
aspect. The osteotomy design was 
trapezoidal with a wide base at the 
maxillary crest to avoid undercuts and 
allow a smooth mobilization of the 

segment. The outline was marked first 
with a surgical pencil, and a corticot-
omy was performed with a highspeed 
surgical handpiece (SABRA, Tokyo, 
Japan) with a tapered carbide fissure 
bur (#702; Brasseler USA, Savannah, 
Ga) (Fig. 3). By using a sequential 
series of fine osteotomes (KLS Mar-
tin, Jacksonville, Fla), segmentation 

of the maxilla was completed, taking 
care to reach the medial aspect of 
the segment without perforating the 
palatal mucosa. The maxillary seg-
ment was mobilized manually with 
the osteotomes to ensure freedom of 
movement and confirm the ability to 
place it in its new position (Figs. 3A, 
B). The new position was determined 

 3  Outline of osteotomy. A, Titanium plate stabilizing osseous segment. B, 
Interpositional grafting with allograft. C, Panoramic radiograph after PMSO.

 2  Lateral view at 8 weeks of postextraction healing.
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clinically to render the height of the 
entire maxillary crest equal. The clear 
vacuum-formed template used as an 
interim prosthesis provided further 
confirmation of segment positioning.

During mobilization of the maxil-
lary segment, accidental perforation 
of the mucous retention cyst in the 
maxillary sinus was noted. A standard 
osseous window to access the max-
illary sinus was made and the con-
tents of the cyst were evacuated and 
the cyst enucleated. The sinus cavity 
was irrigated with 600 mg clindamy-
cin (Cleocin; Pharmacia and Upjohn, 
New York, NY) diluted in normal 
saline solution, and the sinus mem-
brane was elevated with a sinus lift 
procedure. The perforation was iso-
lated with absorbable collagen mem-
brane (OssixPlus; Johnson and John-
son, New Brunswick, NJ); the area 
was packed with particulate cadav-
eric bone-grafting material (Puross; 
Zimmer Dental, Carlsbad, Calif ). The 
maxillary segment was then rigidly 
fixed with a standard orthognathic 
surgery osteosynthesis plate and self-
tapping screws (KLS Martin, Jackson-
ville, Fla). The resulting bone gap was 
filled with the particulate cadaveric 
bone grafting material, and releas-
ing periosteal incisions were placed 
at the base of the flap to ensure ten-
sion free closure of the wound. After 
placement of an absorbable collagen 
membrane (Biogide; Geistlich Phar-
ma AG, Wolhusen, Switzerland), the 

flap was repositioned and secured 
with 3.0 chromic-gut sutures (Ethi-
con Inc, Sommerville, NJ) in a run-
ning interlocking fashion. The patient 
was placed on postoperative antibiot-
ics, sinus decongestants, and topical 
corticosteroids and was given instruc-
tions not to blow her nose. A post-
operative radiograph was made con-
firming segment position (Fig. 3C). 
Sutures were removed after 1 week.

Four months after the segmental 
osteotomy surgery, and with radio-
graphic confirmation of bone con-
solidation, the patient returned for 
implant placement. A full-thickness 
crestal incision placed on the palatal 
aspect of the crest was made from the 
distal of the lateral incisor to the me-
sial aspect of the second molar tooth. 
Dissection was carried out in the sub-
periosteal plane to the depth of the 
vestibule in order to expose the os-
teosynthesis plate. The osteosynthesis 
hardware was removed and osseous 
consolidation was confirmed. Four 
dental implants (Bone Level SLActive 
RC; Straumann AG, Basel, Switzer-
land) were placed with the aid of a sur-
gical template in a nonsubmerged ap-
proach. Primary stability was achieved 
for all implants with insertion torque 
above 35 Ncm (Fig. 4). The flap was 
repositioned and sutured with inter-
rupted 3.0 chromic-gut sutures (Ethi-
con Inc). A postoperative radiograph 
confirming implant placement and 
position was made. Sutures were re-

moved after 1 week; the hard and soft 
tissues were allowed to heal and ma-
ture for 6 weeks.

Six weeks after implant placement, 
successful osseointegration was con-
firmed at the recall appointment. The 
open-tray implant level technique was 
used for the definitive impressions.21,22 
Impression copings were connected 
to the implants, and the seating of the 
copings on the implant platforms was 
confirmed radiographically. Then, the 
impression copings were connected 
with dental floss and splinted to each 
other with autopolymerizing acrylic 
resin (GC Pattern resin; GC America 
Inc, Alsip, Ill).21 The assembly was sec-
tioned in each interimplant area and re-
connected with a small amount of the 
same resin to compensate for polymer-
ization shrinkage. The acrylic resin trays 
were loaded with polyether impression 
material (Impregum; 3M ESPE, St Paul, 
Minn) and additional material was in-
jected around the copings. A double 
pouring technique with low expansion 
(0.09%) Type IV die stone (Silky Rock; 
Whip Mix Corp, Louisville, Ky) was 
used to generate the implant cast.21

At the next visit, a screw-retained 
interim FDP was inserted. After 4 
months of uneventful functional 
loading, the procedures for definitive 
restoration commenced. The existing 
interim screw-retained FDP was used 
as a guide for the contours of the de-
finitive prosthesis. Metal framework 
evaluation was performed and accu-
racy of fit was assessed radiographi-
cally and with the single screw test. 22 
Shade selection was performed fol-
lowed by feldspathic porcelain (Willi 
Geller Creation; Jensen Dental Inc, 
North Haven, Conn) bisque bake 
evaluation at the next appointment. 
A unilateral group function occlusal 
scheme was used to uniformly dis-
tribute the occlusal load to the im-
plants.23 After minor adjustments, 
the prosthesis was returned to the 
laboratory for glazing. The 1-piece, 
implant-level, screw-retained defini-
tive prosthesis was inserted at the 
next appointment by tightening the 
abutment screws to 35 Ncm. The 

 4  Implant placement. Note complete consolidation of 
osseous segment.
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screw access channels were protected 
with cotton pellets and composite 
resin (Z250; 3M ESPE) and a pan-
oramic radiograph was made at the 
insertion appointment (Fig. 5A). At 
the 1-week follow-up visit, the patient 
expressed her increased satisfaction 
with the esthetic and functional out-
come of the rehabilitation (Figs. 5B, 

C). At the 3-year follow-up appoint-
ment, she was still satisfied with the 
treatment. No biologic complications 
were encountered. Minor porcelain 
chipping at the second premolar area 
was polished. A periapical radiograph 
confirmed the stable clinical result 
(Fig. 6).

DISCUSSION

The SO is a well-established pro-
cedure in orthognathic surgery and 
allows repositioning of dentoalveolar 
segments to correct skeletal deformi-
ties and malocclusions. The success 
of the SO is critically dependent on 
the preservation of the blood supply 

 6  Periapical radiograph at 3 years postloading.

 5  A, Postinsertion panoramic radiograph. B, Definitive 
prosthesis at insertion. C, Lateral view of postinsertion smile.
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to the mobilized osseous segment. It 
is especially important to maintain 
the integrity of the palatal mucosa 
in order to avoid avascular necrosis 
of the mobilized segment and limit 
bleeding from the surgical site.19 Prior 
to this report, SO was used in oral im-
plantology as a form of rescue surgery 
to correct the position of improperly 
inserted implants, especially in the es-
thetic zones, to correct interarch rela-
tionships before mandibular implant 
placement, or to perform sandwich 
osteotomies to vertically augment 
the posterior mandible.14-19,24,25 In the 
report by Fujita,24 the vertical correc-
tion was not greater than 4 mm in ei-
ther of the 2 patients presented; the 
implant length used was 8 mm in a 
surgical site where deficit correction 
could have occurred with an internal 
sinus lift technique and without using 
a short implant. Implant placement 
was simultaneous with the regenera-
tion surgery, and this may have re-
moved the need for rigid internal fixa-
tion of the segment and shortened 
the treatment time. This approach, 
however, introduces a complexity in 
the number of variables that can affect 
the final outcome. Langer19 document-
ed the effective use of the segmental 
down-fracture technique for a single 
site anterior maxillary segment. In the 
report by Hwang et al,25 the PMSO was 
used to impact an overerupted maxil-
lary segment resulting from the lack of 
dentition in the opposing arch. A se-
vere vertical deficit was corrected, and 
a simultaneous sinus lift procedure was 
performed without placing interposi-
tional allograft to release the Schneide-
rian membrane and prevent it from 
tearing during the maxillary impaction.

The PMSO is a delicate, technique-
sensitive, and invasive treatment. Its 
complications (common to other os-
seous surgery) include hemorrhage, 
loss of adjacent tooth vitality, and 
necrosis of the osseous segment.25 
Hemorrhage is the most serious intra-
operative complication as the posteri-
or-superior alveolar artery runs along 
the anterior wall of the maxillary sinus 
and may produce bleeding that can 

be difficult to control.
In the present report and dur-

ing the down-fracture procedure the 
sinus membrane and the intimately 
connected cyst lining were uninten-
tionally violated. In the absence of 
frank purulence in the sinus cavity, all 
mucous was evacuated and the sinus 
perforation managed as it would have 
been during a sinus lift procedure. 
The choice to continue with the sur-
gery was taken with the full awareness 
that the surgical field had now been 
formally “contaminated,” even though 
there was little evidence that infection 
was present. The cavity was irrigated 
with antibiotic solution, and the tear 
in the membrane was repaired with a 
resorbable collagen membrane.

This incident could have been 
avoided by removing the cyst prior to 
the osseous surgery, by planning the 
surgery with a computerized tomog-
raphy (CT) scan and surgical planning 
software to design the osteotomy 
cuts with greater anatomic accuracy, 
or by using piezoelectric instrumen-
tation. At the time of completion of 
this treatment, CBCT scans were just 
beginning to be commonly available, 
and software did not allow the fab-
rication of surgical cutting guides. 
The use of piezoelectric instrumenta-
tion and its effectiveness in avoiding 
soft tissue injury (including the sinus 
membrane) may be indicated.25 At the 
time of initial treatment of this pa-
tient during 2008, piezo instrumenta-
tion was not available.

The decision to splint the im-
plants, as was done in the prosthetic 
management of this patient, is con-
troversial.26 Prosthesis-driven implant 
placement allowed the insertion of 
a screw-retained FDP, which was 
preferred because of greater retriev-
ability compared to cement-retained 
FDPs. Recent systematic reviews have 
shown that biologic and technical 
complications are frequently encoun-
tered with FDPs for partially and 
completely edentulous patients after 
5 to 10 years of clinical function.27,28 
Therefore, where applicable, a seg-
mented prosthetic design may be rec-

ommended for implant rehabilitation 
because of greater hygiene and ease in 
prosthetic maintenance.29 

The patient was given home oral 
health care instructions, including 
how to use a floss threader and in-
terproximal brushes. Because a com-
plete papilla did not form around the 
adjacent implants, the embrasure 
space was minimized with wide inter-
proximal contacts to compensate.30 
Patient preference and final approval 
had been confirmed during the inter-
im restoration stage.

SUMMARY

Several surgical techniques have 
been used to reconstruct a vertically 
deficient posterior maxilla: GBR, si-
nus elevation, block and/or particu-
late grafting with barrier membranes, 
and distraction osteogenesis. This 
clinical report describes the surgical 
and prosthodontic procedures after 
PMSO for the implant restoration of 
a partially edentulous ridge with a 
combination defect. The treatment 
outcome was surgically and prostheti-
cally satisfactory after a 3-year follow-
up, showing that PMSO can be imple-
mented successfully as an alternative 
technique for the reconstruction of 
residual ridge deficiencies.
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