
Background. Although maxillo-
mandibular advancement, or
MMA, surgery is highly suc-
cessful, the indications for
and staging of MMA in
the treatment of obstruc-
tive sleep apnea syn-
drome, or OSAS, have not
been settled upon.
Types of Studies
Reviewed. The author presents a retro-
spective review of several published case
series with inclusion criteria of 20 or more
patients who underwent MMA and received
documented preoperative and postoperative
diagnostic polysomnography. Protocols of
MMA as a primary vs. secondary operation,
with and without adjunctive procedures in
a site-specific approach, are compared and
discussed.
Results. As an extrapharyngeal operation
that enlarges and stabilizes the entire velo-
orohypopharyngeal airway, MMA, which
can be safely combined with adjunctive non-
pharyngeal procedures, may circumvent the
staging dilemmas associated with multiple,
less successful, segmental, invasive, pha-
ryngeal procedures. In accordance with cur-
rent goals and guidelines governing OSAS
surgery, MMA does not need to be limited
to severe OSAS cases as a last resort after
other procedures have failed but, rather, is
also indicated as an initial operation for
(velo-oro)hypopharyngeal narrowing.
Conclusions. MMA is a highly suc-
cessful and potentially definitive primary
single-staged surgery that may result in a
significant reduction in OSAS-related
health risks, as well as financial savings for
the health care system. 
Clinical Implications. The diagnosis
and management of OSAS requires a multi-
disciplinary team approach, including a
working relationship between the dentist
and sleep physician. General dentists and
dental specialists who participate in the
management of snoring and OSAS cases
should have some knowledge of basic sleep
medicine. 

Maxillomandibular
advancement surgery
for obstructive sleep
apnea syndrome
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O
bstructive sleep apnea syndrome, or OSAS,1

is a potentially life-threatening medical dis-
order2-4 that affects approximately 18 million
people in the United States,5 more commonly
in males.6 It is caused by repetitive collapse

and blockage of the upper airway, or UA, usually behind
the tongue base (orohypopharynx) and sometimes the
soft palate (velopharynx) while asleep.7-10 Snoring and

daytime hypersomnolence are the two
most common symptoms of OSAS. It
also may cause memory loss, morning
headaches, irritability, depression,
decreased sex drive and impaired con-
centration. Left untreated, OSAS typi-
cally worsens progressively with
advancing age, weight gain or both, and
may result in hypertension, strokes,
myocardial infarction, anoxic seizures
and sudden death while asleep. OSAS
also may result in motor vehicle acci-
dents due to drowsiness while
driving.11,12

Comprehensive evaluation of and treatment planning
for OSAS cases require a multidisciplinary team
approach. Conservative treatments include positional
therapy (for example, a tennis ball–like device is used to
promote nonsupine sleep); a reduction in late-evening
consumption of sedative-hypnotic medications or alco-
holic beverages; weight loss; nasal continuous positive
airway pressure, or nCPAP; and oral appliances. How-
ever, these therapies have associated compliance issues.

Although it is known that weight loss may lessen
OSAS,13 it is not known what degree of weight reduction
is necessary, particularly because OSAS also occurs in
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cific sites of obstruction. However, many patients
experience difficulty tolerating a lifetime of
required nightly use of continuous compressed air
delivered by machine via a nasal mask.18-22

Oral appliances, or OA, a site-specific therapy,
are quite effective for treating mild-to-moderate
cases of OSAS when selected appropriately to
enlarge and stabilize the “correct” area of UA
obstruction (that is, orohypopharyngeal nar-
rowing).23,24 An adjustable (vs. fixed) OA allows
controlled titration to achieve optimal
mandibular advancement, within the comfort
limits of temporomandibular joint laxity. When
used in combination with nCPAP, OA may lower
required positive airway pressures to more toler-
able therapeutic levels and, thus, improve nCPAP
compliance. Orally delivered positive airway pres-
sure may circumvent the need for conventional
nCPAP in selected cases of intractable nasal or
velopharyngeal obstruction. A trial of OA that is
therapeutic but not tolerable may, nevertheless,
predict the success of mandibular advancement
surgery.

Surgery generally is
indicated when appli-
cable conservative ther-
apies are unsuccessful
or not well-tolerated, as
well as for patients who
have an identifiable
underlying surgically
correctable abnor-
mality that is causing
the OSAS.25 Surgery
can provide definitive
treatment, thus elimi-
nating patient compli-
ance issues, but only if
performed competently,
both in terms of tech-
nical skill and on the
correct site or area of
UA obstruction. The
goals and guidelines of
OSAS surgery are
listed in Box 1 and Box
2, respectively.26

DIAGNOSTIC
MODALITIES

Polysomnography, a
recording of physiolog-
ical measurements

nonobese people.14 Noncompliance is a common
problem in that many patients have difficulty
losing weight or in maintaining weight loss.15 The
universal convenience of nCPAP, which is gener-
ally considered the gold-standard treatment for
OSAS, is that it pneumatically splints open the
entire UA with a high degree of therapeutic effi-
cacy,16,17 thus eliminating the need to identify spe-
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GOALS OF OSAS* SURGERY.†

dSafe with minimal morbidity

dMinimal pain, disfigurement and 
dysfunction

dTherapeutic—immediate and 
long-term 

dCost-effective

dComprehensive—ideally addressing all 
sites of obstruction in one operation

* OSAS: Obstructive sleep apnea syndrome.
† Adapted with permission of the publisher from Prinsell.26

BOX 1 

GUIDELINES FOR OSAS* SURGERY.†

SURGICAL PREREQUISITES

dClinically significant OSAS (AHI‡ > 15 or AI§ > 5, LSAT¶

< 90 percent and EDS#)

dConservative treatments (such as CPAP**) not applicable, 
unsuccessful or intolerable

dPatient’s condition medically and psychologically stable

dPatient willing to proceed with surgery (informed consent) 

FOR SPECIFIC SITES/SEGMENTAL AREAS 
THAT ARE DISTINCTLY IDENTIFIABLE

dTreat with appropriate procedures that address these 
specific sites

dIf a staged approach is recommended, treat the most severe site 
first

FOR DIFFUSELY COMPLEX OR MULTIPLE SITES 
THAT ARE NOT READILY DISTINGUISHABLE

dPerform skeletal advancement procedures first to enlarge and 
stabilize pharyngeal airway as a

● primary single-stage definitive treatment or to

● minimize the risk of postoperative edema-induced airway 
embarrassment associated with subsequent pharyngeal surgery

dPerform pharyngeal soft-tissue procedures second, if still 
necessary, for clinically significant residual OSAS

* OSAS: Obstructive sleep apnea syndrome.
† Adapted with permission of the publisher from Prinsell.26

‡ AHI: Apnea hypopnea index.
§ AI: Apnea index.
¶ LSAT: Lowest oxyhemoglobin desaturation.
# EDS: Excessive daytime sleepiness.

** CPAP: Continuous positive airway pressure. 

BOX 2 
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during sleep, is used to establish the diagnosis of
OSA, a sleeping breathing disorder characterized
by repetitive obstructive apnea and hypopnea
events that result in arterial oxyhemoglobin
desaturations. Apnea and hypopnea are defined
as a cessation and diminishment, respectively, of
airflow for 10 or more seconds. The degree of
severity of OSA is quantified by an apnea index,
or AI, and, more commonly, by an apnea
hypopnea index, or AHI.

AI is the number of apneas per hour of sleep.
AHI, also referred to as the respiratory distur-
bance index, or RDI, is the number of apnea and
hypopnea events per hour of sleep. An AHI or
RDI greater than 10 is considered pathologic. The
quality of sleep, in terms of the amount of rapid
eye movement, or REM, sleep and the deeper
stages (for example, stages 3 and 4) of non-REM
sleep, may be adversely shortened by the frequent
arousals associated with OSA. Polysomnography
also is instrumental in diagnosing other disor-
ders, such as central sleep apnea, whose neuro-
genic apnea events occur in the absence of the
diaphragmatic respiratory effort that character-
izes OSA.

Methodical and meticulous examination of the
entire UA is needed before proceeding with site-
specific surgery to identify and rank the site or
sites of disproportionate anatomy, which may
vary from patient to patient and contribute to
OSAS. The Fujita classification of airway obstruc-
tion divides the velohypopharynx into descriptive
levels: 
dtype I is retropalatal, posterior to the soft
palate or velopharyngeal; 
dtype III is retrolingual, posterior to the tongue
base or hypopharyngeal; 
dtype II is both retropalatal and retrolingual, or
velohypopharyngeal.27

Clinical examination alone is inadequate to
evaluate the UA. One must look beyond the cur-
tain of the soft palate, the window of the velo-
orohypopharyngeal inlet and the horizon of the
tongue base to see the entire UA. Several rep-
utable diagnostic imaging modalities (for
example, nasopharyngolaryngoscopy, computed
tomography, magnetic resonance imaging,
cephalometry) are available. Each modality has
advantages and disadvantages, the selection of
which depends on numerous factors.

If lateral cephalometry is to be used for UA
imaging, then two modifications are recom-
mended.28 First, because pharyngeal volume fluc-

tuates with phases of respiration, cephalometry
(Figure 1) should be standardized by obtaining
films at both end-tidal volume and during a modi-
fied Mueller maneuver (that is, forced inspiration
against a closed mouth and nose, to simulate the
UA collapse associated with negative inspiratory
forces generated during OSA events). Second,
because the most critical site of hypopharyngeal
closure may vary, the cephalometric posterior
airway space should be measured at the most
narrow level of hypopharyngeal collapse, rather
than at a level determined by skeletal
landmarks.28

SURGICAL STAGING

Although many surgical procedures and protocols
have been reported,29 most are limited to specific
sites or segmental areas; consequently, they
often are subtherapeutic, especially in cases
involving more severe OSAS in the setting of dif-
fusely disproportionate UA anatomy. Diagnostic
dilemmas such as identifying and ranking, in
terms of severity, the often multiple sites of
obstruction, as well as knowing when and how to
prioritize and combine surgical procedures in one
or more stages, may be influenced and perhaps
biased by the surgeon’s education, training and
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Figure 1. Lateral cephalometric analysis. SNA: Sella-
nasion-A point of maxilla (mean ± standard deviation, 
82 ± 2 degrees). SNB: Sella-nasion-B point of mandible
(80 ± 2 degrees). PNS-P: Posterior nasal spine–soft palate
tip (35 ± 3 millimeters). PAS: Posterior airway space (11 ±
1 mm). MP-H: Mandibular plane–hyoid (15 ± 2 mm). 
GO-POG: Gonion-pogonion (84 ± 5 mm). (Reprinted with
permission of the publisher from Prinsell.28)
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experience.
One approach is to perform certain procedures

in a stepwise manner according to a methodical
protocol (for example, perform uvulopalato-
pharyngoplasty, or UPPP,30 first ; if unsuccessful,
a hyoid suspension; if that fails, a mandibular
advancement). However, this may result in
unnecessary additional surgery, which may be
painful, dysfunctional, expensive, subtherapeutic
and, ultimately, a deterrent for patients to pursue
definitive surgical treatment.

A comprehensive literature review29 showed
that the overall success of UPPP, the most com-
monly performed OSAS surgery, was only 41 per-
cent (137 of 337 patients from 37 independent
case series), based on the criteria of postoperative
AHI less than 20, AI less than 10, or a greater
than 50 percent reduction in either value. Fur-
thermore, surgery directly on the pharyngeal tis-
sues (for example, the soft palate) may produce
severe pain, hemorrhage and life-threatening
airway edema in the immediate postoperative
period, as well as permanent functional impair-
ment, such as velopharyngeal insufficiency (that
is, oronasal reflux of air and liquids), nasopharyn-
geal stenosis, voice changes and dysphagia,29,31-34

and, in cases of snoring amelioration, may pro-
duce silent apnea.35 Palatal scarring also may

limit the amount of maxillary and obligatory (if
no change is planned in the occlusal relationship)
mandibular advancement and, thus, compromise
the therapeutic potential of secondary jaw (teleg-
nathic36) surgery.

Riley and colleagues37 reported an overall suc-
cess rate—based on a postoperative AHI of less
than 20 or a greater than 50 percent reduction in
AHI—of 61 percent (145 of 239 patients) and a
success rate of only 42 percent (44 of 104 patients
with severe OSAS) for phase I surgery, which con-
sisted of UPPP, genioglossus advancement with
hyoid myotomy suspension or both. It is discon-
certing that only 26 percent (24 of 94 patients)
who experienced failed phase I surgery elected to
proceed with phase II of their protocol, even
though maxillomandibular surgery was known to
be highly successful.

MAXILLOMANDIBULAR ADVANCEMENT
SURGERY

Maxillomandibular advancement, or MMA,
surgery (Figures 2 and 3) pulls forward the ante-
rior pharyngeal tissues attached to the maxilla,
mandible and hyoid to structurally enlarge the
entire velo-orohypopharynx, as well as to enhance
the neuromuscular tone of the pharyngeal dilator
musculature (for example, soft palate and tongue
base) via an extrapharyngeal operation, with
minimal risks of postoperative edema-induced UA
embarrassment or pharyngeal dysfunction.
Although the surgical techniques are similar, the
goals and criteria for success differ for MMA as
telegnathic surgery vs. orthognathic surgery (that
is, UA opening to treat OSAS vs. dentofacial
skeletal deformity correction to treat malocclu-
sion, respectively). MMA is the most effective
(excluding tracheostomy) and acceptable surgical
treatment for OSAS, with success rates of 96 per-
cent,38 97 percent,39 98 percent37 and 100 percent.28

Riley and colleagues37 reported the largest
MMA series, in which 98 percent of patients with
OSAS (89 of 91) were treated successfully, based
on a postoperative AHI of less than 20 or a
greater than 50 percent reduction in AHI. How-
ever, it is perhaps misleading that MMA was
labeled a phase II procedure in that 67 (74 per-
cent) of the 91 patients did not participate in
phase I of their two-phase protocol. Waite and col-
leagues38 reported improvement—based on a
mean postoperative AHI of 15—in 96 percent of
patients (22 of 23) in whom MMA was performed
as a primary procedure, often in combination with
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Figure 2. Lateral cephalometic prediction of maxillo-
mandibular advancement. (Reprinted with permission of
the publisher from Prinsell.28)
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adjunctive 
procedures.

Hochban and col-
leagues39 reported a
97 percent success
rate, based on the
relatively rigid crite-
rion of postoperative
AHI of less than 10,
in a series of 38 con-
secutive patients
with OSAS in whom
MMA was performed
as a primary surgery,
without any adjunc-
tive procedures. In
their series of care-
fully selected cases,
which included only
healthy nonobese
patients with specific
cranioskeletal defor-
mities and pharyn-
geal narrowing, a
stepwise algorithm of staged procedures was “not
justified” according to the authors.

Prinsell28 reported a 100 percent success rate,
based on a postoperative AHI of less than 15, an
AI of less than 5, or a reduction in AHI and AI of
greater than 60 percent, in 50 consecutive cases
in which MMA incorporated an anterior interior
mandibular osteotomy and occasional concomi-
tant nonpharyngeal adjunctive procedures as a
single-stage operation. Independent polysomnog-
raphy (performed and interpreted by sleep physi-
cians rather than the surgeon) revealed a sur-
gical therapeutic efficacy equal to that of nCPAP
(Table). The mean body mass index lowered from
30.7 to 28.6, and mean blood pressure normal-
ized from 138.9/89.9 millimeters of mercury to
123.9/80.2 mm Hg. The mean hospital stay was
only 1.6 nights. No episodes of postoperative
hemorrhage or edema-induced UA embarrass-
ment occurred. Patients who experienced
residual neurosensory deficits, the most common
complication of MMA, reported significant reso-
lution and their quality of life was not adversely
affected. All patients reported improvement in
OSAS symptoms (for example, daytime hyper-
somnolence) and accepted changes in facial
appearance, as predicted by preoperative com-
puter imaging, as esthetically pleasing 
(Figure 4).26

INDICATIONS FOR MAXILLOMANDIBULAR
ADVANCEMENT

Box 3 lists the indications and contraindications
for MMA.26 To be considered for OSAS surgery,
including MMA, the four surgical prerequisites
listed in box 2 should be satisfied. The primary
anatomical criterion for MMA is hypopharyngeal
(that is, retrolingual) narrowing (Fujita type III
airway obstruction), which can be measured by
the cephalometric ETV PAS of less than 9 mm.26

(Specific measurements for other imaging modali-
ties as inclusion criteria for MMA have not been
published.) In the setting of hypopharyngeal nar-
rowing, coexistent velopharyngeal narrowing
(Fujita type II obstruction), as well as nonpharyn-
geal sites (for example, septal deviation, turbinate
hypertrophy, sinus polyps, mandibular lingual
tori, cervicofacial lipomatosis) also may be treated
with MMA. Patients with sites of obstruction in
the absence of hypopharyngeal narrowing, such
as sole velopharyngeal (retropalatal) narrowing
(Fujita type I obstruction), should not receive
MMA but may be considered for other
procedures.28

In terms of surgical staging for selected cases
of diffusely complex or multiple sites of velo-
orohypopharyngeal obstruction, including coexist-
ent soft-palatal dysmorphism and mild-to-
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Figure 3. Maxillomandibular advancement. LF: LeFort I osteotomy with bone graft and rigid
internal fixation for advancement of the maxilla with anterosuperior repositioning of the
soft palate. BSSRO: Bilateral sagittal split ramus osteotomies with rigid internal fixation for
mandibular advancement. AIMO: Anterior inferior mandibular osteotomy with bone graft
and osteoplasty for additional advancement of the genial tubercles with attached muscles,
tongue base and indirect hyoid suspension. (Reprinted with permission of the publisher
from Prinsell.28)
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TABLE 

POLYSOMNOGRAPHIC RESULTS.*

VARIABLE PREOPERATIVE† nCPAP†‡ POSTOPERATIVE‡ P VALUE 
POSTOPERATIVE

VS. PREOPERATIVE

P VALUE 
POSTOPERATIVE

VS. nCPAP

AI§

AHI¶

LSAT# (%)

No. of Desaturations 
< 90%**

% Stage 3 and 4
Sleep

% REM†† Sleep 

Sleep Efficiency (%)

34.5 ± 27.9

59.2 ± 28.4

72.7 ± 13.6

118.8 ± 160.7

6.2 ± 13.6

9.9 ± 7.7

83.2 ± 11.9

2.0 ± 4.0

5.4 ± 6.8

88.6 ± 6.3

2.4 ± 4.7

10.1 ± 14.1

23.1 ± 19.5

83.1 ± 16.7

1.0 ± 1.9

4.7 ± 5.9

88.6 ± 3.9

6.6 ± 12.2

9.0 ± 13.6

16.5 ± 7.4

86.7 ± 9.9

.001

.001

.001

.001

.037

.001

.054

.078

.306

.450

.022

.210

.036

.139

* Adapted with permission of the publisher from Prinsell.28

† Data are mean ± standard deviation.
‡ nCPAP: Nasal continuous positive airway pressure.
§ AI: Apnea index.
¶ AHI: Apnea hypopnia index.
# LSAT: Lowest oxyhemoglobin desaturation.

* * Number of oxyhemoglobin desaturation events.
‡ ‡ REM: Rapid eye movement.

Figure 4. Preoperative (A) and postoperative (B) photographs of a patient who underwent maxillomandibular advance-
ment surgery. (Reprinted with permission of the publisher from Prinsell.26)

A B
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moderate tonsillar hyper-
trophy, MMA may be per-
formed first. This is done
to enlarge and stabilize the
entire velo-orohypopharyn-
geal UA either to defini-
tively treat the OSAS and
obviate the need for inva-
sive segmental pharyngeal
procedures (which may be
painful, dysfunctional and
subtherapeutic) or to
decrease the risk of postop-
erative edema-induced
airway embarrassment
after subsequent pharyn-
geal surgery, which may be
necessary in cases of clini-
cally significant residual
OSAS (perhaps with
advancing age, weight gain
or both).28

MAXILLOMANDIBULAR
ADVANCEMENT AND
ADJUNCTIVE 
PROCEDURES

In general, pharyngeal
soft-tissue surgery (for
example, tonsillectomy and adenoidectomy,
UPPP, laser-assisted uvuloplasty,35 palatopharyn-
goglossoplasty,40 uvulopalatopharyngoglosso-
plasty,41 somnoplasty or radiofrequency volu-
metric tissue reduction of the tongue42 and/or
palate,43 cautery-assisted palatal stiffening opera-
tion,44 uvulopalatal flap,45 laser midline glossec-
tomy46 with epiglottidectomy47 and lingualplasty48)
probably should not be performed concomitantly
with MMA unless immediate tracheostomy, pro-
longed endotracheal tube intubation or autoti-
trating nCPAP are used for several days during
the resolution of the postoperative pharyngeal
edema (which can be life-threatening, particularly
if compounded by coexistent hypopharyngeal 
narrowing).28

Furthermore, the additional tension on pharyn-
geal (such as soft palatal) wound closure produced
by simultaneous skeletal (that is, maxillary
advancement) surgery may lead to cicatricial scar-
ring and UA stenosis, with resultant compromised
therapeutic efficacy of MMA. In contrast, adjunc-
tive nonpharyngeal procedures (for example, sep-
toplasty, turbinate reduction, removal of sinus

polyps and mandibular lingual tori, cervicofacial
lipectomy), whose postoperative edema typically
does not compromise the UA, may be performed
concomitantly with MMA as a safe, comprehen-
sive, single-stage surgical treatment of OSAS.28

DENTAL GUIDELINES

The diagnosis and management of OSAS requires
a multidisciplinary team approach, including a
working relationship between the dentist and
sleep physician. Because OSAS is a relatively
common and potentially life-threatening medical
disorder that sometimes may be treated by the
dental practitioner, it is prudent that questions
regarding OSAS be included on the patient’s med-
ical history form. Patients having, at a minimum,
the two key symptoms of snoring with witnessed
pauses while asleep, and daytime hypersomno-
lence, should be referred to a sleep physician,
usually via the primary care physician, to rule
out or diagnose OSAS. 

In accordance with a clinical protocol estab-
lished by the Academy of Dental Sleep
Medicine,49-51 the diagnosis is established and the
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MMA* SURGERY FOR OSAS.†‡

INDICATIONS

dAll surgical prerequisites satisfied (see Box 2)

dHypopharyngeal narrowing (that is, Fujita type III) (for example,
cephalometric PAS§ < 9 millimeters at ETV¶)

dVOH# narrowing (that is, Fujita type II)

dMay combine with adjunctive nonpharyngeal procedures 
(whose postoperative edema does not affect the VOH airway)

dSometimes even in the absence of dentocraniofacial skeletal 
deformities (for example, retrognathia)

dDiffusely complex or multiple sites of disproportionate 
upper-airway anatomy that include (VO)H narrowing (for 
example, ETV PAS < 9 mm) as a

● primary single-stage definitive operation or

● stage 1 operation to enlarge and stabilize the entire VOH to 
minimize risk of potential edema-induced airway 
embarrassment associated with subsequent pharyngeal 
surgery, if needed for clinically significant residual OSAS

CONTRAINDICATIONS

dNot all surgical prerequisites satisfied (see Box 2)

dAbsence of hypopharyngeal narrowing (for example, ETV PAS 
> 9 mm) (for example, sole velopharyngeal narrowing—that is, 
Fujita type I)

* MMA: Maxillomandibular advancement.
† OSAS: Obstructive sleep apnea syndrome.
‡ Adapted with permission of the publisher from Prinsell.26

§ PAS: Posterior airway space.
¶ ETV: End-tidal volume.
# VOH: Velo-orohypopharyngeal.

BOX 3 
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degree of severity quantitated via overnight
polysomnography, typically at an accredited sleep
center. If significant OSAS exists, then the sleep
physician may attempt treatments including
weight loss, positional therapy, a reduction in
late-evening alcohol consumption or in other
sedative hypnotic medications, and nCPAP, as
applicable.

On the other hand, patients with simple
snoring or OSAS for which applicable initial ther-
apies by the sleep physician are either unsuc-
cessful or intolerable should be referred for site-
specific therapy such as OA and surgery. The
selection, fabrication, fitting and follow-up of OA
therapy should be performed by qualified den-
tists. Similarly, the selection, based on detailed
airway examination, and staging of surgical pro-
cedures should be performed by qualified sur-
geons (for example, oral and maxillofacial sur-
geons and otolaryngologists). It is essential to
refer these patients back to the sleep physician for
repeated polysomnography to document the thera-
peutic efficacy of surgery and OA therapy.49-51 Gen-
eral dentists and dental specialists who partici-
pate in the management of snoring and OSAS
cases should have some knowledge of basic sleep
medicine.

CONCLUSIONS

MMA satisfies the goals of surgery (Box 1) and is
the most successful (excluding tracheostomy)
acceptable surgical treatment for OSAS, with a
therapeutic efficacy equal to that of nCPAP. As a
comprehensive, safe, nondysfunctional, extrapha-
ryngeal operation that structurally enlarges and
physiologically stabilizes the entire velo-
orohypopharyngeal UA, MMA may eliminate the
need for—and thus circumvent the staging
dilemmas associated with—multiple, segmental,
less successful and invasive pharyngeal proce-
dures. In accordance with the guidelines for
OSAS surgery (Box 2) in which a site-specific
approach is advocated, MMA should not be lim-
ited to cases of severe OSAS or dentocraniofacial
skeletal deformities or when other surgeries have
failed, but rather is also indicated as the initial
surgical treatment of choice for (velo-oro)hypo-
pharyngeal narrowing, even in the setting of rela-
tively mild OSAS and in the absence of 
retrognathism.28

MMA as a potentially definitive primary
single-stage surgical treatment of OSAS, particu-
larly when performed in a relatively young adult

population, may result in a sig-
nificant reduction in OSAS-
related health risks (for
example, hypertension, cardio-
vascular dysrhythmias, stroke
and myocardial infarction, as
well as hypersomnolence-
induced injuries such as those
caused by motor vehicle acci-
dents, and neuropsychiatric dis-
orders such as depression and
cognitive dysfunction) that,
when projected over an average
normal lifetime, should result in
considerable financial savings
for the health care system.52-54

Nevertheless, MMA should
not be used indiscriminately, as it is technically
difficult to perform and laden with potential mor-
bidity. Although skeletal osteotomies, when
healed to a bony union, are stable with no signifi-
cant relapse, and the relatively long-term results
of MMA are promising,28,55 the effect of expected
continued normal aging (that is, laxity) of the
rejuvenated pharyngeal soft tissues on UA
patency during sleep in regard to possible proges-
sive worsening of residual OSAS (with or without
associated weight gain) is unknown. Additional
studies are warranted, with larger numbers of
cases and longer follow-up periods. ■
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