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Introduction

When mandibular molars are not replaced after 
extraction, the long-term problem of inadequate in-
terarch space for implant can arise. In the past, treat-

ment options included restoration of the mandible 
in an abnormal occlusal plane by shortening the 
teeth, which could cause the teeth to be minimally 
functional and unaesthetic; extensive foreshortening 
of the extruded antagonists, necessitating possible 
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Purpose: This clinical study presented the effectiveness of 2-stage posterior maxillary segmental osteotomy (PMSO) 
under local anesthesia in gaining interarch space to restore the posterior mandibular segment with dental implants. 
Materials and Methods: Nine patients who received two-stage PMSO for mandibular implant placement from 2003 
to 2011 were included in the study. Of the 9 patients, 7 were female and 2 were male. Ages ranged form 28 to 72 (mean 
46.6). Potential complications were investigated such as sinus infection, survival of bone segment, inflammatory root 
resorption of adjacent teeth, relapse of bone segment and timing of implant placement, delivery of implant prosthe-
sis and stability of bone segment.
Result: None of the patients showed relapse or complication. Bone segments were stabilized by opposed implant 
prosthesis. 
Conclusion: Office-based 2-stage PMSO under local anesthesia can be considered a stable and predictable procedure. 
Also pedicle damage can be avoided by allowing favor of blood supply to the bone segments. From these advan-
tages, it can be concluded that this surgical procedure can decrease post-operative complications.
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endodontic treatment and periodontal crown-length-
ening surgery and prosthodontic treatment; a combi-
nation of the previous two options and no treatment. 
The most radical treatment option suggested to 
extract the extruded teeth to gain posterior interarch 
space1). For patients who deny to extract more teeth, 
this option can be considered as unacceptable2).

Schoeman and Subramanian3) described an alterna-
tive to these options. They performed 1-stage poste-
rior segmental osteotomy (PSO) of the maxilla with 
repositioning of the segment superiorly. After this 
procedure is completed, and once optimal interach 
space and a favorable occlusal plane have been es-
tablished, implants can be placed or removable pros-
thetic rehabilitation can be initiated. 

Posterior maxillary segmental osteotomy (PMSO) 
was introduced by Schuchardt4) as 2-stage surgery 
to correct the anterior open bite deformity and was 
modified by Kufner5) into a 1-stage surgery. After 
that, most of cases were performed in 1-stage surgery 
under general anesthesia6). However, we proposed 
that 2-stage technique was more stable and able to 
be performed under local anesthesia. The purpose of 
this study was to present 15 cases of PMSO for man-
dibular implant placement and to discuss efficacy 
and stability of this technique.

Materials and Methods 

1. Patients 
Patients who received 2-stage PMSO for man-

dibular implant placement from 2003 to 2011 were 
included in this study. All patients enrolled in the 
present study had been diagnosed with severe pos-
terior dentoalveolar extrusion in the maxilla (Fig. 1). 
Of the 9 patients, 7 were female and 2 were male. 
Their ages ranged from 28 to 72 years (mean 46.6). 
None of the patients had a history of systemic dis-
ease. Two patients had maxillary posterior dentoal-
veolar extrusion one both sides, others had unilateral 
dentoalveolar extrusion. The cohort was composed 

of augmented maxillary sinuses examined radio-
graphically by taking panoramic views at the first 
visit, right after the operation, after the implantation 
and the placement of implant prosthesis. 

2. Methods
Potential complications such as sinus infection, sur-

vival of bone segment, inflammatory root resorption 
of adjacent teeth during the first 4 weeks after PMSO 
were investigated. The relapse of bone segment, the 
timing of implant placement & implant prosthesis 
and stability of bone segment were also investigated.

3. Surgical Procedure

1) 1st stage operation 
Palatal corticotomy was performed during the 1st 

stage of PMSO (Fig. 2A). First, crevicular incision 
was made between #13~17, #23-27. Second, horizon-
tal bone cut was made 5 mm above the root apices of 
the 1st and 2nd molars with a 2 mm round bur (Fig. 
2B). Then, between the 2nd premolar and the 1st mo-
lar interdental bone cut was made (Fig. 2C). At this 
time, detected cancellous bone was checked. After 
suturing, a palatal splint was placed in the maxilla. 

2) 2nd stage operation
The second stage of PMSO was performed 2 weeks 

after the first operation. Labial corticotomy was per-
formed on the same operation site. First, a vestibular 
incision was made 5 mm superior to the mucogingi-

Fig. 1. Panoramic radiograph showed an extrusion of right maxil-
lary molars with an edentulous opposite area.
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val junction. The horizontal cut was finished with a 
curved line behind the tuberosity. Therefore, it was 
not necessary to perform a pterygomaxillary fissure 
(Fig. 3A, B). A careful pressure on the maxillary seg-
ment was applied to obtain fracture using curved 
osteotome (Fig. 3C). After the mobilization of the 
segment was confirmed, the segment was set in the 
correct position using miniplate and 5-mm screws 
or wires (Fig. 3D). To prevent any secondary move-
ment, resin-wire splint was delivered.

4. Implant Placement
At the same time or 1 week after the 2-stage opera-

tion, mandibular implants were placed (Fig. 4). The 
oral rehabilitation was completed 3~5 months later 
(Fig. 5). 

Result

The data are listed in Table 1. None of patients had 
sinus infection sign or inflammatory root resorption 
of adjacent teeth after 2nd surgery. Bone segment 

A B

C D

Fig. 3. 2nd stage operation. (A, 
B) Horizontal cutting & interden-
tal cutting were performed. (C) 
Maxillary segment was applied 
to obtain fracture using curved 
osteotome. (D) Mobilized seg-
ment set in correct position and 
fixed with titanium mini plate 
and screws.

AA BB CC

Fig. 2. (A) 1st stage operation. (B) Horizontal cutting of posterior maxilla go with greater palatine groove: 3 mm subapically. (C) Interdental 
cutting between 2nd premolar and 1st molar.
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was stable and had good healing appearance at 4, 8, 
12 weeks and 6 month after the surgery (Fig. 4). 

Discussion 

Dentoalveolar extrusion of posterior maxillary mo-
lars often precludes prosthetic rehabilitation of the 
opposing mandibular quadrant. Treatment options 
include: periodontal crown lengthening with end-

odontic treatment of the maxillary teeth, extraction 
of the supraerupted teeth and bone recontouring, 
and PSO. A limitation of crown lengthening is the 
resulting short clinical crown and compromise of 
the osseous support. Another treatment option is to 
extract the extruded teeth to gain posterior interarch 
space. This option, however, is undesirable for the 
patient who denies extractions2). 

Advances in implant-supported prosthodontics 
have resulted in more coordinated treatment involv-
ing surgery and prosthodontics. One of the goals 
of prosthetic treatment is reconstruction of the col-
lapsed occlusal plane. Intrusion of an extruded tooth 
has been considered to require more complex orth-
odontic treatment than other types of orthodontic 
tooth movement. Therefore this orthodontic intru-
sion takes time, and it is not always useful because 
this type of treatment costs too much and can cause 
inconvenience to the patient7). Orthognathic surgery 

A B

Fig. 5. (A) Panoramic radiograph showed the four integrated implant in the mandibular segments (after 3 months). (B) Final occlusion after 
removal of the resin wire splint.

Table 1. Demographic data and clinical investigation of subjects

Patient No. Age/Sex
Operation  

site

Devitalization 

of teeth

Severe relapse of 

bone segment

Timing of implant 

placement

Sinus 

infection

Inflammatory 

root resorption

1 35/F Right No No 1 week No No

2 44/F Right No No 1 week No No

3 72/F Left No No 1 week No No

4 28/F Both No No 2 weeks No No

5 57/M Right No No Immediately No No

6 53/F Both No No Immediately No No

7 48/M Right No No 1 week No No

8 39/F Left No No 1 week No No

9 43/F Left No No Immediately No No

Average 46.6 0.8 weeks

Fig. 4. 3rd surgery (after 1 month): Implant placement.
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in adults has also become more popular and can im-
prove occlusal relationship without sacrificing tooth 
structure, by aligning teeth or correcting skeletal 
deformities8). In these cases, surgical intervention can 
simplify the prosthodontic phase of treatment9). 

Surgical treatment is an alternative for these situa-
tions, especially a PMSO with superior reposition-
ing of the osteotomized dentoalveolar segment to 
modify and correct the maxillary occlusal plane. The 
PMSO was developed as a 2-stage surgery to correct 
the anterior open bite, and was later modified to a 
1-stage procedure10). Recently, 1-stage procedure is 
widely used to correct interarch space under general 
anesthesia. 

Certainly, 1-stage procedure has many advantages. 
First, because of general anesthesia, surgeon can 
minimize patient’s pain. Second, the whole period 
of treatment can be shortened. Third, bleeding can 
be controlled easily during operation as compared 
to 2-stage procedure under local anesthesia11,12). 
However, most patients would be reluctant to have 
operation under general anesthesia. Therefore, office-
based 2-stage corticotomy with local anesthesia is a 
viable alternative. Corticotomy for optimal interach 
space in placement of implant needs no general an-
esthesia and sedation, allows for a shorter operation 
time, produces fewer complications (bleeding, pain), 
and has a lower cost13). First of all, the completely 
healed soft tissue on one side followed by two week 
interval between the labial and lingual corticotomy 
can supply enough blood flow for other side and 
will burden neither the operator nor the patient14). 

The chief concern about this type of treatment is the 
potential for partial relapse of such care, devitaliza-
tion of the superiorly placed maxillary segment, and 
sinus complications. However, the mobilized seg-
ments remain stable because of close approximation 
of the bony segment, adequate interosseous fixation 
and transitional opposing occlusion2,15). The possible 
occurrence of inflammatory root resorption in sites 
adjacent to osteotomy cuts is still controversial16). 

Nevertheless, studies have indicated that blood 
supply to the pulp was significantly reduced after 
segmental osteotomy17,18). However, in this study, no 
root resorption or sinus infection was observed. After 
osseous healing, the desirable mandibular rehabilita-
tion can be achieved.

Conclusion

This clinical study explains the role and efficacy of 
office-based orthognathic surgery under local an-
esthesia in planning treatment for severe extrusion 
of the posterior maxilla. This procedure allows the 
natural dentition to be retained, while recovering 
both functional occlusion and esthetics without the 
need for general anesthesia. 
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