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Obstructive sleep apnea (OSA) is commonly treated
by continuous positive airway pressure (CPAP).
Patients can be intolerant, noncompliant, or
avoidant of CPAP therapy but incur increased risk
of cardiopulmonary disease, stroke, and shortened
life span without treatment. Comprehensive hard
and soft tissue surgical therapy directed at the nasal,
retro-palatal, and retro-lingual airway has been
shown to optimize surgical outcomes compared with
isolated soft tissue procedures. Outcome information
from postoperative sleep studies shows that staged
surgical procedures of hard and soft tissues are com-
parable to CPAP studies. While CPAP is the “gold
standard” therapy for obstructive sleep apnea, com-
bined soft tissue and maxillofacial surgical techniques
can provide a treatment alternative for patients that
are unable or unwilling to use CPAP treatment.

bstructive sleep apnea (OSA) is characterized
by dynamic occlusion of the upper airway at
one or more sites during sleep.1 The obstruction
to the airway is commonly treated by forcing
room air into the nose or mouth through the use
of a continuous positive airway pressure
(CPAP) machine and mask.2 CPAP treatment



can be tolerated by many patients,3,4 but long-
term acceptance and compliance is difficult to
predict.5 Other noninvasive treatments include
weight loss, change in sleep position or jaw ad-
vancement appliances.6 Moreover, it is com-
mon knowledge7 that alcohol, narcotics,
tranquilizers, sedatives, or antihistamines can
adversely impact OSA.

Tobacco use may be an independent risk
factor for OSA8 and is condemned for its
adverse effects on lung function and strong as-
sociation with carcinoma of the upper aero-
digestive tract. Gastroesophageal reflux has
also been implicated in the etiology of OSA9,10

and its treatment has been shown to reduce
OSA severity. 

Although the standard nonsurgical treat-
ment of OSA is CPAP, not every patient is able,
interested, or motivated to use CPAP as pre-
scribed. In addition, the definition of adequate
CPAP therapy (hours per night and number of
nights per week) remains controversial.11 Since
untreated OSA is known to have profound
medical risks12 including hypertension,13-15 is-
chemic heart disease,16-17 cerebrovascular dis-
ease,18-19 neuro-cognitive impairment,20-21

premature mortality22-23 and magnified risk of
motor vehicle accidents,24 discontinuance of
CPAP therapy cannot be condoned. Indeed
CPAP is not a cure for OSA, but a support mea-
sure that must be used every time one sleeps.
On the other hand, surgery can predictably treat
and even “cure” the problem with a durable re-
sult without nightly CPAP therapy, as will be
outlined below.

Case 1

JB, a 44-year-old nurse, was diagnosed with
moderate obstructive sleep apnea with respira-
tory disturbance index (RDI) (see Table of
Abbreviations, page 160) of 22. She was intoler-
ant of CPAP due to claustrophobia and inad-
vertent nighttime removal of the CPAP mask.
Her physical findings were unremarkable. She
underwent inferior turbinate reduction, palato-
plasty, and genioglossus advancement. Seen
three months after surgery, she reported no

snoring, resolution of her day-time sleepiness
and fatigue, and improvement in her fi-
bromyalgia, while her postoperative sleep study
showed an RDI of 11.

Case 2

JR, a 23-year-old long haul truck driver, was
found to have extremely severe obstructive
sleep apnea with RDI of 102. He was intolerant
of CPAP therapy due to claustrophobia and a
sense of suffocation. Due to disease severity
and inability to comply with standard treat-
ment, his commercial driver’s license was sus-
pended, and he was placed on medical disa-
bility. His profile view and cephalometric x-ray
showed retrognathia. He underwent maxillo-
mandibular and staged genioglossus advance-
ment with resolution of his daytime sleepiness
and normalization of his sleep study with RDI
of 9 (Figure 1 a and b).

Case 3

TW, a 43-year-old man, was diagnosed with se-
vere obstructive sleep apnea with RDI 37 in-
creasing to 46 events per hour during REM
sleep. He was intolerant of CPAP due to baro-
trauma induced nasal congestion. His facial
features showed retrognathia and class 2 mal-
occlusion with “underbite” deformity. He un-
derwent hyoid suspension and genioglossus
advancement with resolution of symptoms of
obstructive sleep apnea and an RDI of 3.
Elimination of his daytime sleepiness was im-
portant so as to prevent a work place accident
in that he was employed as a driver of a con-
crete truck.

DISCUSSION

While CPAP therapy is commonly effective in
treating sleep disordered breathing and the re-
sultant daytime sleepiness, acceptance and
compliance with treatment is often a problem.
A University of Kentucky study showed that
scant few patients really wear a CPAP device
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each night for the full duration of sleep, with
only about half of the patients using CPAP for
more than half the night, five or more nights
per week.25 Objective CPAP computer score-
card verification of nightly compliance has
consistently revealed gross subjective overes-
timation of usage of the device by patients.26

The minimally acceptable threshold for CPAP
use, both amount of pressure and its duration
of use from night to night, are not known.27

Failure to comply with CPAP therapy has been
reported to be between 25% to 50%.3,4,28 Hence,
there is a large and growing patient pool that
needs an alternate treatment to CPAP but with
comparable outcome measures. Comprehen-
sive surgical therapy for OSA, consisting of
both hard and soft tissue manipulations, can
readily salvage patients who are otherwise un-
able, unwilling, or incapable of CPAP treatment.
An overview of current surgical methods, ra-
tionale for application, and outcome informa-
tion is presented below.

Surgical opinion is indicated when CPAP
therapy: fails to reverse OSA symptoms or nor-

malize sleep indices; requires excessive CPAP
airway pressures; is exceptionally inconvenient
or physically intolerable; proves undesirable or
impossible due to psychiatric reasons; or is re-
fused by the patient. Personnel with OSA who
operate airplanes,29 trains, boats, heavy equip-
ment, trucks, buses, ambulances, or otherwise
engage the public in a critical capacity all need
to be carefully scrutinized for the adequacy of
compliance with CPAP and deserve consider-
ation for surgical input early after diagnosis.
Other occupations that impact public safety
that should have early referral for surgical eval-
uation might include control tower adminis-
trators or those that bear firearms, for example,
police, military, or governmental officials.
When given a choice, many young to middle-
aged patients prefer to have surgery in order
to avoid the constraint of nightly use of CPAP
for the rest of their lives. Obvious morpholog-
ical abnormalities such as nasal obstruction,
tonsillar hypertrophy, macroglossia, or retrog-
nathia are corrected by surgery, potentially ob-
viating the need for long-term CPAP usage.
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Figure 1a and b. Before and after maxillo-mandibular advancement. Despite more than a 10mm advancement of

both jaws, a pleasant cosmetic result is achieved.



An appropriate history and comprehen-
sive head and neck examination are made for
every patient with OSA. Every treatment plan
is individualized taking into consideration:
age, co-morbidities, expectations, body-mass
index, PSG parameters of RDI, LSAT and EKG
changes, facial profile, dentition, examination
of the cervical viscera, and cephalometry. An
evaluation of the airway is made with a flexi-
ble endoscope to rule out a pathological cause
of the airway obstruction and in attempt to de-
termine the one or more sites of dynamic air-
way collapse.

Reconstructive airway surgery for OSA re-
quires expertise in manipulation of both soft
and hard tissues of the upper aero-digestive
tract so as to optimize outcomes. Nasal valve
procedures, septoplasty, inferior turbinate re-
duction,30 or adenoidectomy are common tech-
niques to open the nasal airway. Tonsillectomy
is beneficial to OSA treatment by expanding the
caliber of the pharyngeal airway, especially
when the finding of tonsillar hypertrophy is
present.31 Uvulo-palato-pharyngoplasty
(UPPP)32 is useful for focal airway occlusion
posterior to the palate. Skeletal protrusion by
way of genio-glossus advancement (GGA)33 or
related procedures,34,35 hyoid suspension (HS),36

or maxillo-mandibular advancement (MMA)37

is typically performed for airway narrowing at
the tongue base. In select circumstances, ex-
pansion of a narrow hard palate will be benefi-
cial by improving both the oral and nasal
airways.38 Tracheotomy is usually reserved for
those with obesity-hypo-ventilation syndrome
with carbon dioxide retention,39,40 over-lap syn-
drome, or impending cardiopulmonary failure
when CPAP has proven ineffective. Radio-
frequency tissue ablation, such as the Somnus
device, may have a role in treatment of the
palate or tongue base,41 but at present is strictly
used for salvage therapy by this author until
shown to be a practical and efficacious tech-
nique. Other surgical procedures that are cur-
rently used for OSA treatment include laser
assisted uvulo-palatoplasty (LAUP)42 and the
Repose bone screw anchor system.43 Both of

these techniques have shown only modest im-
pact as a treatment for OSA.

Procedures that protrude the facial skele-
ton are now an integral part of OSA surgical
therapy. The goal of these procedures is to re-
lieve site-specific airway occlusion predomi-
nantly at the base of the tongue. The GGA44 is
effective by placing tension on the genioglos-
sus muscle and tendon. A trans-oral 9318 mm
osteotomy, centered on the chin and genial tu-
bercle, is made below the tooth roots, sparing
the inferior border of the jaw. The lingual sur-
face of the bone fragment with the attached
tendon is advanced over the facial surface of
the mandible preventing retro-lingual airway
occlusion (Figures 2a and b). The HS produces
an advancement of the tongue base by mobi-
lization, advancement, and ligation of the hy-
oid bone to the superior surface of the thyroid
cartilage through external incision on the neck,
again producing relief of obstruction at the
tongue base (Figures 3a and b). Combined
retro-palatal and retro-lingual airway expan-
sion can be seen after at least 1 cm of advance-
ment by Lefort 1 osteotomy of the maxilla and
saggital split osteotomy of the mandibular
rami. Both osteotomy sites are secured with
rigid fixation and augmented with cranial bone
grafts so as to minimize the potential for re-
lapse45 (Figures 4a and b).

Most patients begin a course of surgical
treatment for OSA by targeted multi-level in-
tervention of the nose, oropharynx and/or hy-
popharynx. A typical surgery might consist of
turbinate reduction, palatoplasty, and genio-
glossus advancement followed by 3-month
post-operative sleep study. In another situa-
tion, with clear retro-lingual collapse, initial
treatment might consist of hyoid suspension
and genio-glossus advancement. If mandibu-
lar retrognathia is present, MMA is a better op-
tion. MMA is more commonly reserved for
those patients who have undergone one or
more of the above mentioned procedures, but
still have persistent disease.

The outcome of OSA surgery is compara-
ble to CPAP treatment as measured in the sleep
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lab. Since the RDI and LSAT are gross mea-
sures of OSA disease intensity, representing the
frequency of respiratory obstruction and nadir
of oxygen saturation, they are commonly used
to compare treatment outcomes. The criteria

used to define a “cure” by the Stanford sleep
community are: relief of subjective excessive
daytime sleepiness; normalization of sleep ar-
chitecture; post-surgical RDI and LSAT equal
to CPAP results, or if no CPAP result was avail-
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Figure 3a and b. Hyoid suspension. The epiglottis and tongue base musculature have ligamentous attachments to

the hyoid bone. The inner surface of the hyoid bone lies several centimeters deep to the thyroid cartilage. Mobilization

of the hyoid bone with advancement and suture ligation to the thyroid cartilage will advance the epiglottis and

tongue base, thus opening the retro-lingual airway.

A B

Figure 2a and b. Genioglossus advancement. The genioglossus muscle produces tongue protrusion. It takes its origin

from the lingual surface of the mandible on the genial tubercle. Advancement of the tubercle and genioglossus tendon

by way of a small trans-oral rectangular osteotomy centered over the tubercle diminishes prolapse of the tongue into

the pharyngeal airway when asleep.



able, then RDI>50% reduction and RDI<20.
The surgical outcomes of more than 400 pa-
tients treated by a surgical protocol have been
reported.46,47 Phase I therapy consisted of com-
binations of nasal reconstructive surgery, sep-
toplasty, turbinate reduction, uvulo-palato-
pharyngoplasty, tonsillectomy, genioglossus
advancement, or hyoid suspension. Phase 2
therapy consisted of maxillo-mandibular ad-
vancement and was reserved for patients that
were unsuccessfully treated in the first stage of
therapy or who had retrognathia. For those pa-
tients who followed through the protocol there
was a 97% chance of surgical success, as de-
fined by the aforementioned definitions.

The results of phase I surgery showed that
surgical success was greatest with mild OSA
and least with severe OSA. Mild disease
(RDI<20, LSAT>85%) enjoyed a 77% chance of
surgical success with phase I procedures and
often avoided MMA. In contrast, severe OSA
(RDI>60, LSAT<70) experienced only a 42%
likelihood of success with phase I procedures
alone and often needed MMA. The preopera-
tive average RDI of those successfully treated

was 48, which decreased to 9 after surgery and
was statistically equivalent at 7 while on CPAP.
The preoperative LSAT was 75 and increased to
86 after surgery and while on CPAP. These find-
ings have been independently confirmed by
other investigators showing success rates from
78%,48 45%,49 to 42%50 for phase 1 procedures.

Those patients that were not successful in
the phase I portion of the protocol were offered
the phase II maxillo-mandibular advancement.
These patients enjoyed a 97% chance of surgi-
cal success despite the fact that most of these
patients had severe disease. The preoperative
RDI was 72 and decreased to 7 after surgery
compared with 8 on CPAP. Likewise, the LSAT
before phase II surgery was 64 and increased
to 87 after surgery and while on CPAP. It ap-
pears that surgery or CPAP therapy can control
OSA-induced respiratory events and fall in
oxygen levels equally well. 

A select group of patients may require only
one operation in order to be free of their OSA.
Those patients with a small jaw, receding chin
and “underbite” (retrognathia) might be ex-
pected to have a very high likelihood of surgical
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Figure 4a and b. Maxillo-mandibular advancement. The soft palate, pharyngeal musculature and tongue have their

origins on the maxilla and mandible. Skeletal advancement of both jaws will advance the soft palate and tongue

while tightening the pharyngeal walls. The dental occlusion remains undisturbed, but the airway posterior to the

palate and tongue base is expanded.
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success by correction of the skeletal deficiency.
When chosen to meet specific criteria for
height/weight ratios and measured retrog-
nathia of the mandible, Hochban found 95% (36
out of 38 patients) were cured of their apnea by
upper and lower jaw advancement.51 This ap-
proach has been confirmed in a recent study.
Fifty consecutive patients who underwent
MMA, and other select procedures as the initial
operation, enjoyed a success rate of 100%.52

The comprehensive surgical treatment of
OSA produces successful results that are dur-
able over several years’ time. At a mean of 39
months after palatoplasty, hyoid suspension
and genioglossus advancement,53 83% (30 out
of 36 patients) showed sustained resolution of
OSA. Those that failed were statistically more
likely to have gained weight. Powell and Riley
demonstrated that 90% (36/40 patients) have
shown “successful long-term clinical out-
come.”54 The average follow-up was 51 months
with a preoperative RDI of 71.2 and long-term
RDI of 7.6 and CPAP RDI of 7.6. This was in-
dependently confirmed by a German group
who performed MMA on jaw-deficient patients
with follow-up a minimum of 2 years.55 Fifteen
patients demonstrated a preoperative RDI of
51 and long-term RDI of 8.5. The long-term sta-
bility of the jaw position has also been con-
firmed in a radiological study.56

Surgery or CPAP therapy can treat OSA
equally well. When a comprehensive surgical
armamentarium is used to treat OSA the result
is predictable, portable, and well tolerated.
Surgery for OSA can be used to rescue patients
who are unable to use CPAP and to diminish
the profound long-term medical risks incurred
by untreated OSA. Once surgical success has
been achieved, appropriate attention to weight
stabilization or weight loss and other lifestyle
issues becomes a lifelong commitment to re-
main “cured” of OSA.

The option of comprehensive upper air-
way reconstructive surgery for OSA should be
presented to patients as part of their initial
treatment planning so that they know all treat-
ment options. In that CPAP therapy is dis-
carded by many patients, reconstructive

airway surgery for OSA is a fine treatment al-
ternative, but must include maxillo-facial tech-
niques to achieve consistent success.

Table of Abbreviations

CPAP continuous positive airway pressure
GGA genioglossus advancement
HS infra-hyoid myotomy and hyoid

suspension
LSAT lowest oxygen saturation
MMA maxillo-mandibular advancement
OSA obstructive sleep apnea
PSG polysomnogram, sleep study
RDI respiratory disturbance index,

apnea-hypopnea index
UPPP uvulo-palato-pharyngoplasty
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