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Maxillomandibular Advancement for
Obstructive Sleep Apnea

Kasey K. Li, DDS, MD*

Although nasal continuous positive airway pressure therapy is considered the first-line treatment of
obstructive sleep apnea, surgery has been shown to be a valid option for patients who are intolerant to
positive pressure therapy. In the past 20 years, maxillomandibular advancement has been widely
accepted as the most effective surgical therapy for obstructive sleep apnea syndrome. Maxillomandibular
advancement has been shown to enlarge the pharyngeal and hypopharyngeal airway by physically
expanding the facial skeletal framework. It has also been shown that the forward movement of the
maxillomandibular complex increases tissue tension. This decreases the collapsibility of the velopharyn-
geal and suprahyoid musculature and improves lateral pharyngeal wall collapse, all of which have been
shown to be significant components contributing to the upper airway obstruction in obstructive sleep
apnea. The outcome of maxillomandibular advancement has been extensively reported, with success
rates of 57% to 100%. A recent meta-analysis of 627 patients from 22 studies showed an overall success
rate of 86%. The long-term follow-up of 56 patients for 43.7 months from 3 studies showed a surgical
success rate of 89%. These data are similar to my experience with an 89% success rate in more than 600
maxillomandibular advancement procedures performed.
© 2010 American Association of Oral and Maxillofacial Surgeons
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urgery to Treat Obstructive
leep Apnea

Since the initial report of obstructive sleep apnea
OSA) by Guilleminault et al1 in 1976, the negative
ffects of the syndrome on the health and well-being
f patients have been well documented. OSA results

n daytime hypersomnolence, cognitive dysfunction,
mpaired work performance, and an increased inci-
ence of cardiovascular disease. Even at mild levels,
SA has been correlated with cardiovascular compli-
ations by increasing the risk of hypertension,2,3 heart
ttacks,4 and strokes.5 Patients with OSA also experi-
nce excessive daytime sleepiness and fatigue,6 a car-
inal feature that significantly affects their quality of

ife.
Continuous positive airway pressure (CPAP) ther-

py has been considered the reference standard in
he treatment of OSA. However, despite the poten-
ial success of CPAP,7,8 patient compliance repre-
ents a clear problem,9,10 causing patients to seek
urgical treatment. However, even with the wide
cceptance of sleep apnea surgery within the sur-
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ical specialties of oral and maxillofacial surgery
nd otolaryngology, many sleep physicians remain
keptical of the efficacy of OSA surgery. Publica-
ions have been critical of surgery regarding its
utcome.11,12 However, I believe that the conclu-
ions of these reports have been flawed and unre-
listic in the realm of patient care. For example,
lshaug et al12 proposed that “all future surgical
udits report objective cure rates with success
ased on apnea-hypopnea index (AHI) outcomes of

or � 5 and/or � or � 10.” However, nasal CPAP,
he reference standard therapy, has established an
cceptable compliance rate of 4 hours per night for
0% of the nights. This represents only approxi-
ately 50% of ideal use.13 Therefore, nasal CPAP

ncompletely eliminates the sleep-related breathing
isorder and clearly does not satisfy the criteria
ecommended for surgery by Eishaug et al.12 Also,
ne needs to realize that OSA is similar to chronic

llnesses, such as diabetes or hypertension, because
he total elimination of these diseases is impossible.
herefore, the goal of any treatment modality
hould be to “improve” or “control” the symptoms
nd the risk of OSA by reducing the severity. Sleep
pnea surgery clearly satisfies that goal. The com-
only accepted criteria for surgical success, which

chieves a 50% reduction in the respiratory distur-
ance index (RDI) and fewer than 20 events per
our, is actually along the same line of logic as the

stablishment of the CPAP compliance criteria.

mailto:drli@sleepapneasurgery.com
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2 MAXILLOMANDIBULAR ADVANCEMENT FOR OSA
o Phase or Not to Phase

In examining the outcomes of sleep apnea surgery,
ne of the glaring problems has been the predictabil-

ty of surgery. The success rate of uvulopalatopharyn-
oplasty (UPPP) has been reported to be approxi-
ately 40%.14 However, the success rate of any type

f sleep apnea surgery will be influenced by a variety
f factors such as the OSA severity, body mass index
BMI), and airway anatomy. To improve the predict-
bility of surgical success, many preoperative assess-
ents have been advocated to evaluate the airway,

ncluding cephalometric analysis, fiberoptic nasopha-
yngoscopy with or without Mueller’s maneuver,
omputed tomography, magnetic resonance imaging,
uoroscopy, and sleep endoscopy. Additionally, a
hased surgical protocol has been used by many sur-
eons with the intent of minimizing the extent of
urgery performed in any one phase, minimizing the
isk of unnecessary surgery. Such a phased protocol
egins with the “less-invasive” surgery such as UPPP,
asal surgery, genioglossus advancement, hyoid ad-
ancement, and radiofrequency, with MMA only of-
ered as the last resort.15,16 When I first started treat-
ng patients with OSA, the phased protocol was
trictly followed, because it sounded conservative,
nd the patients preferred the “less-invasive” proce-
ures to control their problem. After years of prac-
ice, I have realized that the adherence to any “pro-
ocol” in sleep apnea surgery will be inadequate and
awed, because it often results in unnecessary surgi-
al procedures. One should realize that the phase

FIGURE 1. Comparison of facial skeletal and
asey K. Li. Maxillomandibular Advancement for OSA. J Oral Maxillof
rotocol was established more than 20 years ago. A
remendous amount of knowledge has been acquired
ince then. Patients with severe OSA, minimal pha-
yngeal soft tissue redundancy, an absence of tonsillar
issues, and significant maxillomandibular deficiency
ill have a low response rate to “less-invasive” surgi-

al procedures. In these patients, the only procedure
hat will achieve a sufficient success rate is MMA.
herefore, proper patient counseling with a clear
xplanation of the risks, benefits, and expected out-
omes are absolutely essential for each patient ac-
ording to the individual sets of data.

MA and Upper Airway

OSA is characterized by upper airway obstruction
rom repetitive upper airway narrowing and collapse
uring sleep. Many patients with OSA have been found
o have diminished upper airway dimensions associated
ith maxillomandibular abnormalities (Fig 1).17-20 Imag-

ng studies using computed tomography and magnetic
esonance imaging have shown that the upper airway is
ignificantly smaller in patients with OSA, and the ob-
truction often occurs at multiple regions, including the
elopharyngeal airway and hypopharyngeal airway dur-
ng the different stages of sleep.21-23 These findings ex-
lain the frequent lack of efficacy with soft tissue sur-
ery such as UPPP in treating OSA in many patients.
hese findings also help explain why MMA represents a
ore appropriate surgical option for patients with OSA.

xtensive reports have demonstrated that the advance-

characteristics of normal and OSA subjects.
airway
ac Surg 2010.
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KASEY K. LI 3
ent of both the maxilla and the mandible expands the
irway in the anteroposterior dimension as shown by
ephalometric measurements (Fig 2).24-28 Using 3-di-
ensional computed tomography scanning, Fairburn

t al29 demonstrated that the anteroposterior and lateral
imensions of the upper airway from the level of the
ard palate to the hyoid bone were significantly en-

arged in all patients after MMA. The lateral dimension
as much more enhanced than the anteroposterior di-
ension in the retroglossal region. In addition to having
decreased airway dimension, patients with OSA can

ave abnormalities in airway dynamics, described as a
floppy airway” owing to increased collapsibility of the
ongue and pharyngeal walls.30,31 Using an inspiratory
orce meter to ensure the consistency of the inspiratory
fforts, Li et al28 showed that MMA expands the upper
irway and reduces the collapsibility of the airway by
omparing the fiberoptic airway findings pre- and post-
peratively during Mueller’s maneuver with controlled

nspiration. Moreover, although the retrodisplacement
f the tongue base was improved, it was the improve-
ent of the lateral pharyngeal wall collapse that was the
ost striking (Figs 3, 4).
MMA has been shown to enlarge the pharyngeal

nd hypopharyngeal airway by physically expanding
he facial skeletal framework. The study by Li et al28

howed that the collapsibility of the lateral pharyn-
eal wall decreases with MMA. Because the lateral
haryngeal wall is the most dynamic of the upper
irway, both the improvement in the anteroposterior
imensions and the decrease in the collapsibility of

FIGURE 2. MMA. Left, Pr
asey K. Li. Maxillomandibular Advancement for OSA. J Oral Maxillof
he upper airway explain the successful outcomes of
MA.30,32,33

MA and Facial Esthetics

Although MMA has been primarily recommended
or patients with OSA and significant maxillomandibu-
ar deficiency, it should also be advocated for the
reatment of OSA in patients with relatively mild max-
llofacial abnormalities. It appears that despite the
lteration of facial esthetics after MMA, with many
atients having a “prominent jaw,” only a few patients
elieved their appearance was compromised.34,35

he explanation was such that because most of the
atients with OSA have been middle-age adults with
ome soft tissue sagging and facial aging, MMA “aug-
ented” the skeletal support of the facial soft tissues,

hereby reducing the soft tissue sagging and enhanc-
ng the facial esthetics. Approximately one half of the
atients believed they appeared more youthful after
he surgery. Additionally, various techniques used in
acial reconstruction and esthetic surgery such as
ounterclockwise rotation of the maxillomandibular
omplex with alteration of the occlusal plane have
een applied to limit the potential negative esthetic
ffect of maxillary advancement, as well as maximiz-
ng the mandibular advancement (Fig 5). Therefore,

MA should be considered as a treatment option for
ost patients with OSA.34,35

tive. Right, Postoperative.
eopera
ac Surg 2010.
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4 MAXILLOMANDIBULAR ADVANCEMENT FOR OSA
atient Considerations in MMA

As was previously stated, it has been a general
oncept that surgery is indicated only when other
onservative therapies have failed or have not been
olerated or for patients with underlying physical
bnormalities responsible for the OSA. Most sur-
eons and sleep specialists consider MMA as “the
rocedure of last resort or salvage therapy” and
ave only recommended this surgical option when
ther “less-invasive” procedures have been ineffec-
ive in sufficiently improving the OSA. Clearly, this
staged” or “phased” surgical concept has been the
ost accepted practice. However, sufficient evi-

ence has shown that MMA should be considered
s the first and only surgical option for some pa-
ients. The chronic and progressive development of
ocal neuropathy secondary to microtrauma, vibra-

IGURE 3. Fiberoptic airway evaluation. Left, Preoperative view
f obstructed hypopharyngeal airway. Right, Postoperative view of

ess-obstructed hypopharyngeal airway.

asey K. Li. Maxillomandibular Advancement for OSA. J Oral
axillofac Surg 2010.
ory disease, and gastric reflux should always be
K
M

onsidered when performing surgery, as well as the
ost significant comorbidity, abdominal obesity
ith abnormal adipocyte activity, because these

ssues might preclude a successful surgical out-
ome. In all, patients with moderate or severe OSA
ithout significant pharyngeal tissue redundancy,
atients with significant maxillomandibular defi-
iency, young patients who require long-term OSA
esolution, and patients who desire the most effec-
ive single-stage surgery should consider MMA as
heir first option.

utcomes of MMA

DEFINING SURGICAL SUCCESS BY
POLYSOMNOGRAPHY AND QUALITY OF LIFE

The reported success rate of MMA in treating OSA
as been 57% to 100%.16,24,25,36-39 Hendler et al16

IGURE 4. Fiberoptic airway evaluation. Left, Preoperative view
howing severe lateral pharyngeal wall collapse during Mueller’s
aneuver. Right, Postoperative view demonstrating improvement

n lateral pharyngeal wall collapse during Mueller’s maneuver.
asey K. Li. Maxillomandibular Advancement for OSA. J Oral
axillofac Surg 2010.
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KASEY K. LI 5
eported on 7 patients, of whom 4 achieved success-
ul results. The mean age was 47 years, and the mean
MI was 36.3 kg/m2. The mean AHI improved from
0 to 16.5, with a corresponding improvement in the
xygen nadir from 64.9% to 88.2%. Bettega et al38

eported on 20 treated patients, with 15 achieving
uccess. The mean age was 45 years, and the mean
MI decreased from 26.9 kg/m2 preoperatively to
5.4 kg/m2 postoperatively. The mean AHI improved
rom 59 to 11, with a corresponding improvement in
he oxygen nadir from 82% to 90%. Li et al39 reported
n 42 treated patients, with 37 achieving success. The
ean age was 46 years, and the mean BMI was 32.1

g/m2. The mean RDI (including scoring of hypop-
ea with no or limited desaturation of �3%) im-
roved from 58.7 to 10. The mean oxygen nadir

mproved from 76.3% to 87.3%. Prinsell25 reported
n 50 treated patients, of whom, all achieved suc-
ess. The mean age was 42.7 years. The mean BMI
ecreased from 30.7 kg/m2 preoperatively to 28.6
g/m2 postoperatively. The mean AHI improved
rom 59.2 to 4.7, with a corresponding improve-
ent in the oxygen nadir from 72.7% to 88.6%. The

argest published single-center data were from Li,40

ith 175 patients, of whom 166 achieved success.
he mean RDI improved from 72.3 to 7.2, with a
orresponding improvement in the oxygen nadir
rom 64% to 86.7%.

Few investigators have reported on the long-term
esults after MMA. Conradt et al41 reported on 12 of

FIGURE 5. Cephalometric radiograph showing co

asey K. Li. Maxillomandibular Advancement for OSA. J Oral M
5 patients with continual successful results as deter- i
ined by objective polysomnographic data after 2
ears. Li et al42 reported on 36 of 40 patients with
ontinual success after a mean follow-up of 50.7
onths. The preoperative RDI and long-term fol-

ow-up RDI was 71.2 and 7.6, respectively. The pre-
perative oxygen nadir and long-term follow-up oxy-
en nadir was 67.5% and 86.3%, respectively.
Clear evidence has shown objective improvement

fter MMA for the correction of OSA. Several studies
ave also examined the subjective improvements in
aytime sleepiness and quality of life for patients
ndergoing this procedure. Dattilo and Drooger27

ompared the subjective findings using the Ep-
orth Sleepiness Scale with objective findings us-

ng data from overnight polysomnograms for 15
atients who had undergone MMA for OSA. The
reoperative average Epworth Sleepiness Scale
core was 17.8 and the RDI was 69.4. The postop-
rative average Epworth Sleepiness Scale score had
mproved to 4.7 and the RDI to 10.6. Lye et al43

nvestigated the quality of life for patients who had
ndergone MMA for OSA using the Functional Out-
omes of Sleep Questionnaire. MMA was performed
n 15 patients, with 13 patients achieving success.
he 13 patients also reported a successful Func-

ional Outcomes of Sleep Questionnaire change
ith a score of 18 or more. The measures of signif-

cant improvements in quality of life included gen-
ral productivity, social outcome, activity level, vig-

ockwise rotation with alteration of occlusal plane.

ac Surg 2010.
untercl
lance, and intimacy and sex.
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6 MAXILLOMANDIBULAR ADVANCEMENT FOR OSA
MA and Meta-Analysis

An extensive review of the outcomes of MMA was
ublished by Holty and Guilleminault.44 A total of 627
atients from 22 unique patient populations were iden-
ified from 914 reports. The mean age was 44.4 � 9.4
ears, and 88% were men. The follow-up period was 5.3
onths, and 67% had undergone previous sleep apnea

urgery. The BMI decreased from 30.4 � 5.5 kg/m2 to
9.4 � 5.3 kg/m2 (P � .023). The AHI improved from
3.9 � 26.7 to 9.5 � 10.7 (P � .001), with a corre-
ponding improvement in the oxygen nadir from
1.9% � 14.8% to 87.7% � 4.8% (P � .001). The surgical
uccess rate was 86% � 30.9%. Additional examination
f the polysomnographic data showed that the apnea

ndex had improved from 34.7 � 26.7 to 1.6 � 2.4 (P �
001). The improvement in rapid eye movement and
tage III or IV sleep was also significant. Also, 56 patients
rom 3 studies reported a long-term success rate of 89%
ith a follow-up period of 43.7 � 29.5 months. Individ-
al data from 330 patients were evaluated further and
howed an 84% success rate (AHI improved from 64.2
o 10.4 and oxygen nadir improved from 67% to 86.2%).
nivariate and multivariate predictors of surgical suc-
ess were younger age, lower preoperative AHI, lower
MI, and greater degree of maxillary advancement. The
uality of life assessments showed that the Functional
utcomes of Sleep Questionnaire score improved from
4 to 19 (P � .001), with a 72% absolute reduction in
epression/irritability. The systolic blood pressure im-
roved from 139 to 124 mm Hg (P � .001).

MA and Complications

To maximize airway expansion, a major advance-
ent (12 to 15 mm at the mandibular osteotomy site)

f the maxillomandibular complex is required to
chieve highly successful results. Because patients
ith OSA are often much older and significantly over-
eight compared with typical patients who undergo
rthognathic surgical procedures for dentofacial de-
ormity, several factors must be considered when
erforming MMA for OSA.

MAXILLARY VASCULARITY

Aseptic necrosis of the maxilla is a feared, but
ortunately, unusual consequence after maxillary os-
eotomy.45 Aseptic necrosis of the maxilla is a poten-
ial concern when performing MMA for OSA because
f the amount of advancement required. In large ad-
ancements, the soft tissue envelope of the maxilla
ill be “stretched” to its maximal physiologic limit.
o maintain an optimal blood supply to the maxilla,
ttempts should be made to preserve the descending
alatine vessels. However, these vessels could require
igation, because they might not always accommodate g
he extent of the advancement. The mucosal attach-
ent of the maxilla can also be compromised during

he advancement process. Therefore, the vascular in-
egrity of the maxilla should be monitored throughout
he case, with attention to preserving the soft tissue
ntegrity.

SKELETAL FIXATION

Most patients with OSA are men and obese. A
eview of 21 morbidly obese patients undergoing OSA
urgery showed that 4 of the 5 complicating events
ere related to the stability of the fixation.24 These

vents could have been related to the patients’ obe-
ity in that the conventional fixation methods might
e inadequate in this patient population owing to the

ncreased tissue mass and consequent forces exerted
n the plates and screws. Therefore, improved rigid-

ty and fixation might be necessary.

OCCLUSION

Most patients with OSA require expedited treat-
ent. Therefore, arch bars have been routinely used

nstead of orthodontics to establish occlusion. Al-
hough this method is usually adequate, significant
alocclusion can occur owing to skeletal relapse

rom a large advancement, early functioning by unco-
perative patients, or increased forces exerted on the
xation devices in obese patients. Despite diligent
fforts, postoperative malocclusion might be unavoid-
ble, and postoperative orthodontic therapy could be
ecessary and should be discussed preoperatively.

FACIAL CHANGES

As previously stated, MMA for OSA can result
n excessive maxillomandibular protrusion, poten-
ially compromising the facial esthetics. This issue
as investigated using a patient-administered ques-

ionnaire.39 The patients who had undergone MMA
or the management of OSA usually recognized
hanges in their facial appearance, with most pa-
ients perceiving the changes to be moderate. How-
ver, very few patients perceived the facial changes
s unfavorable (ie, less attractive). Also, one half of
he patients believed they were either more attrac-
ive or more youthful. Because most patients who
ndergo MMA for OSA are middle-age, the facial
hanges resulting from maxillomandibular protru-
ion appear to be more “forgiving” in this patient
opulation owing to the presence of facial aging.
MA reconstitutes the skeletal support of the soft

issue, resulting in rejuvenation of the face. Al-
hough simultaneous mandibular advancement re-
ults in mandibular protrusion, as in the maxilla,
mproved soft tissue support of the lower face was
lso achieved. However, with any orthognathic sur-

ical procedure, preoperative evaluation of the fa-
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KASEY K. LI 7
ial proportions and facial esthetics with cephalo-
etric analysis should be performed before MMA

or OSA. The possibility of unfavorable facial
hanges should be discussed with the patient pre-
peratively. In my experience, younger patients
ithout signs of facial aging, patients with pre-

xisting maxillomandibular protrusion, and nono-
ese or minimally obese patients with thinner facial
oft tissues are at a greater risk of unfavorable facial
hanges. However, the various techniques used in
acial reconstruction and esthetic surgery such as
ounterclockwise rotation of the maxillomandibu-
ar complex and alteration of the occlusal plane
ave been applied to MMA to limit the potential
egative esthetic effect of maxillary advancement,
s well as maximizing the mandibular advance-
ent.

VELOPHARYNGEAL INSUFFICIENCY

It is well known that velopharyngeal insufficiency
VPI) is a potential risk after UPPP. The risk of VPI
ight be even greater in patients who undergo MMA

fter UPPP, because the forward movement of the
axilla increases the anteroposterior dimension of

he velopharynx, thus further compromising the velo-
haryngeal closure. Li et al26 found that despite the
ombined effect of UPPP and maxillary advancement
n the velopharynx, the risk of VPI was low, in that
ewer than 10% of the patients had very mild symp-
oms of VPI. The low incidence of VPI could also have
esulted from the inherently narrowed pharyngeal
irway and the increased collapsibility of the pharyn-
eal tissues and soft palate usually found in patients
ith OSA. The anatomic and physiologic characteris-

ics that predispose these patients to the development
f OSA might have provided some “protective effect”
gainst the development of VPI after MMA. However,
t must be emphasized that the risk of VPI is a poten-
ial complication in these patients. Therefore, preop-
rative consultation regarding the possibility VPI
hould be considered, especially for patients with an
xcessively foreshortened soft palate resulting from
ggressive UPPP and when pre-existing VPI symp-
oms are present.

MY PERSPECTIVE

Sufficient published data support MMA as the
ost effective surgical treatment option available,

nd it could possibly be the definitive primary sin-
le-stage option for the treatment of OSA in se-
ected patients. The procedure has been shown to
ave a therapeutic efficacy equal to that of CPAP. I
ad performed more than 600 MMAs for the treat-
ent of OSA, with a success rate of 89% at the
riting of the present report. This was in line with
he published data and the results from the meta-
nalysis by Holty and Guilleminault.44 Younger age
nd a lower BMI are predictors for greater surgical
uccess, as long as sufficient advancement has been
erformed. Conversely, older age (�60 years),
reater BMI (�33 kg/m2), and limited advancement
re negative predictors. Obese patients with white
at accumulation and abnormal adipocyte activity,
r those with a long disease duration with a greater
isk of permanent neurologic deficits in the pharyn-
eal airway might be poor candidates for surgery.
owever, that does not mean that patients with
egative predictors cannot experience significant

mprovement. Additionally, despite some residual
SA on polysomnography, most patients have ex-
erienced a dramatic resolution of their symptoms.
evertheless, despite these seemingly good out-
omes, one must realize that not all patients will
chieve a great outcome. I have witnessed a few
atients with minimal improvement despite a very
uccessful operation with 15-mm advancement.
hus, the complexity of OSA cannot be under-
tated. Consequently, one must recognize that no
urgeon should claim a 100% success rate. Further-
ore, as with any surgical intervention, the major

oncern is the associated risk. Vigilance in airway
anagement, proper surgical execution with ade-

uate advancement and fixation techniques, and
anagement of the soft tissue changes without

ompromising the esthetic results are essential to
chieve an ideal and successful outcome.
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