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Genioglossus advancement （GA） is applied alone 
or mostly in combination with oropharyngeal op-
erations as a part of multi-level surgery, or with 
definitive maxillofacial skeletal operation of maxillo-
mandibular advancement with high success and cure 
rates for the treatment of obstructive sleep apnea 
syndrome patients by relieving airway obstruction at 
the hypopharyngeal level. Here we report the fea-
sible application of this GA to the mandibular set-
back orthognathic surgery with diagnosed mandibular 
prongathism with anterior open bite in a severely 
obese patient in consideration of postoperative re-
spiratory risk of the airway obstruction, followed 
by the successful management of perioperative and 
postoperative phase after bi-maxillary orthognathic 
surgery.
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INTRODUCTION

A review of the literature indicates that maxillary 
and mandibular advancement （MMA） is highly suc-
cessful in the treatment of patients with obstructive 
sleep apnea syndrome （OSAS）［1］. MMA may be 
performed as a standalone procedure or as part of a 
staged treatment, with the latter providing the high-
est success rates ［1］. The genioglossus advance-
ment （GA） is a proven technique for the treatment 

of mild to moderate OSAS, by relieving airway 
obstruction at the hypopharyngeal level ［1-4］. The 
reason for selecting GA as the surgical treatment for 
OSAS is that it stabilizes the upper airway and pre-
vents prolapse of the tongue base through forward 
movement of the genial tubercle and genioglossus 
muscle ［1, 2］. Several techniques to improve the 
posterior airway space have been reported. Riley 
et al ［5］ first described inferior sagittal osteotomy 
in 1984. This allows for advancement of the su-
prahyoid muscles, including the genioglossus, and 
stabilization at a far more anterior position enabling 
airway enlargement. The initial case report described 
a procedure that was essentially standard horizon-
tal genioplasty advancement, and the same group 
also modified their technique to reduce the risk of 
mandibular fracture ［3, 6］. The current literature 
contains many reports about the results of GA tech-
niques for the treatment of OSAS.

Mandibular setback surgery in orthognathic sur-
gery, on the other hand, reduces the oropharyngeal 
airway space, inducing sleep-disordered breathing, 
typified by OSAS ［7, 8］. Several studies reported 
cases where mandibular setback surgery resulted in a 
reduction of the pharyngeal airway space and OSAS, 
and also identified increased body weight and neck 
circumference as OSAS predictors. An updated 
meta-analysis described how mandibular setback 
surgery effects a significant decrease in airway vol-
ume ［9］. Obstruction that causes episodes of apnea 
results from collapse of the pharyngeal airway and 
usually occurs at the oropharynx or velopharynx. 
Genetic and environmental factors in the develop-
ment of obstructive sleep apnea have been linked to 
obesity, skeletal conditions （e.g., a short mandibular 
body or mandibular retreat）, large tongue or uvula, 
shape of the airway, age, and ethnicity ［7, 8］. To 
prevent obstructive sleep apnea following mandibular 
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setback, it is important to evaluate the risks of, and 
design a plan for, orthognathic surgery. Accordingly, 
the perioperative management of severely obese pa-
tients is more complex and needs to be taken into 
consideration because of the high risk of airway ob-
struction.

Here we present the first report of the simultane-
ous application of GA, using a piezoelectric device, 
and mandibular setback with maxillary advancement 
surgery in a severely obese patient in order to pre-
vent postoperative respiratory risk of airway obstruc-
tion. Management of the peri- and postoperative 
phases of bimaxillary orthognathic surgery is also 
discussed. 

CASE 

A 33-year-old Japanese woman was referred to 
our hospital in February 2015. The diagnosis was 
skeletal anterior open bite induced by high man-
dibular plane angles. She was also severely obese 
with a BMI of 40.1. Presurgical orthodontic treat-
ment was administered for 9 months, and we then 
planned Le Fort I osteotomy for posterior impaction 

（3 mm） at the first molar with clockwise rotation 
together with mandibular setback （6 mm） at the 
anterior ramus via bilateral sagittal split osteotomy. 
Due to her severe obesity, we carefully considered 
airway obstruction following mandibular setback in 
the postoperative management. In addition to the 
2-jaw orthognathic surgery, we planned to apply GA 
to reduce the perioperative and postoperative risk of 
airway obstruction by additional mandibular oste-
otomy at the symphysis. 

The surgical procedure consisted of a conventional 
Le Fort I osteotomy with down-fracture and bilateral 
sagittal splitting ramus osteotomy, which were per-
formed following the standard methods prior to GA 
surgery under general anesthesia. After intermaxillary 
fixation was secured, a local anesthetic with a vaso-
constrictor was infiltrated into the submucosal tissue 
of the symphysis. An incision was made through 
the oral vestibular mucosa, and the periosteum was 
reflected fully around the symphysis down to the 
inferior border. The mandibular root apices of the 
incisors and canines were noted, and the osteotomy 
site was marked as we had simulated in detail pre-

operatively. First, the labial cortical bone osteotomy 
was performed using a piezoelectric device （Fig. 1）, 
and then the outer cortex was removed. Subsequent-
ly, the remaining lingual cortex bone osteotomy was 
performed with a piezoelectric device including the 
genial tubercles and the entire attachment of the ge-
nioglossus muscle. This was followed by insertion 
of the skeletal anchor screw into the lingual cortex 
bone to allow for forward advancement of the seg-
ment with the genioglossal muscle with manual con-
trol.

Once all the osteotomies were verified and the 
bone segment was freed, the labial cortex bone seg-
ment with the genioglossal muscle was pulled for-
ward, and the location was changed by rolling one-
quarter clockwise （Fig. 2）. Adequate soft tissue 
laxity was a critical factor in ensuring free advance-
ment, because overt tension in this area can result 
in muscular detachment from the lingual cortex. For 
stabilization of the segment, the inner cortex was 
rigidly fixed at its lateral ends to the basal bone 
with a bioactive absorbable screw （OSTEOTRANS-
MX ［Super Fixsorb-MX® in Japan］; Takiron Co. 
Ltd., Japan）.

After the operation, the patient was well managed 
with intubation and was safely extubated on post-
operative day （POD） 1. Following an uneventful 
postoperative course, the patient was discharged on 
POD 7. A lateral cephalogram and three-dimensional 

（3-D） CT scans confirmed enlargement of the upper 
airway after surgery compared with before surgery 

（Figs. 3 and 4）.

DISCUSSION

Several reports have suggested that mandibular 
setback surgery might induce disordered breathing, 
and the procedure can be further complicated by the 
risk factors for airway management of obesity and 
a large amount of mandibular setback ［7, 8］. In a 
previous study, positive correlations between BMI 
and oximetry indices were found in patients who 
underwent mandibular setback surgery. Therefore, 
obese patients who have a large amount of man-
dibular setback are likely to be at risk for airway 
obstruction postoperatively. Accordingly, careful 
postoperative monitoring is recommended for obese 
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Fig. 1. Osteotomy using a piezo electric device of the labial cortical bone.

Fig. 2. Stabilization of the lingual cortex bone segment with the genioglossus muscle.
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Fig. 3. Preoperative airway analysis using lateral cephalometric radiograph.

Fig. 4. Airway analysis using lateral cephalometric radiograph on postoperative day 3.
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patients.
In addition, several techniques to improve the 

posterior airway space have been described. GA is 
generally applied in combination with oropharyngeal 
operations as a part of multi-level surgery for OSAS 

［2］. The American Academy of Sleep Medicine 
assessed the success rate of all surgical modifica-
tions of the upper airway and noted that genioglos-
sus advancement with or without hyoid myotomy 
seemed to be the most beneficial method for widen-
ing the retrolingual space ［3］. Several osteotomy 
designs have been used to advance the genioglossus 
musculature, including standard genioplasty, inferior 
sagittal osteotomy, circular genioplasty, and mortised 
genioplasty ［3］.

In our technique, we modified the standard meth-
od of osteotomy by removing the outer bone cortex 
and marrow with a piezoelectric device. This device 
has proven effective for osteotomy and makes the 
cutting of hard tissue possible through “selective 
cutting” without inducing necrosis from overheating 
as a result of friction and without damaging soft 
tissue ［10］. The Piezoelectric device can decrease 
the risk of bleeding, thereby providing perfect depth 
control during osteotomy, and the absence of soft 
tissue damage considerably limits the risks of oral 
floor lesions ［9］. We also applied a bioactive ab-
sorbable screw for the fixation of the bone segment. 
The absorbable implants did not require removal and 
did not produce artifacts on postoperative CT scans 
or 3-D CT images, permitting excellent analysis of 
postoperative outcome.

Here we have reported the feasibility of GA us-
ing a piezoelectric device together with mandibular 
setback and maxillary advancement surgery via sag-
ittal splitting ramus osteotomy in a severely obese 
patient with skeletal anterior open bite and a high 
risk of postoperative airway obstruction. GA may be 
a useful adjunct surgical procedure for postoperative 
airway management of mandibular setback orthogna-
thic surgery in severely obese patients.
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