
225

Copyright © 2020 by Korean Society of Otorhinolaryngology-Head and Neck Surgery.
This is an open-access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/by-nc/4.0)  
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Clinical and Experimental Otorhinolaryngology    Vol. 13, No. 3: 225-233, August 2020 https://doi.org/10.21053/ceo.2020.00360

Review

INTRODUCTION

Globally, 936 million adults aged 30 to 69 years have been diag-
nosed with obstructive sleep apnea (OSA), of whom 425 million 
have moderate to severe disease [1]. OSA affects approximately 
5% to 10% of the U.S. adult population [2], and its prevalence 
ranges from 3.7% to 27.0% in the Asian population [3]. OSA 
and its comorbidities significantly affect patients’ quality of life. 
It is a significant risk factor for hypertension, type II diabetes, 
stroke, congestive heart failure, coronary artery disease, and pre-
mature death [4]. Furthermore, it is associated with poor sleep 
quality, daytime sleepiness, fatigue, and cognitive dysfunction. 
Nevertheless, only 40% of patients with OSA are diagnosed [5,6], 
of whom a large proportion are not optimally treated [2]. 

Continuous positive airway pressure (CPAP) is regarded as 

the first-line treatment in many parts of the world. Adherence 
remains a challenge, as 46% to 83% of patients do not tolerate 
the therapy long-term [7]. Other nonsurgical therapies include 
the use of an oral appliance or tongue-retaining device, positional 
therapy, and medical weight management. Surgeons also play a 
role in OSA management [8].

There are many ways to categorize surgery for OSA, one of 
which is to distinguish between intrapharyngeal and extrapha-
ryngeal procedures. The Powell and Riley Stanford algorithm in-
corporates both; intrapharyngeal procedures include soft palate 
and tongue base procedures, and extrapharyngeal procedures 
include genioglossus and maxillomandibular advancement 
(MMA). The combination of both types of surgical treatment 
yielded more predictable results than intrapharyngeal surgery 
alone [9,10]. Recently, Liu et al. [11] revised the Stanford algo-
rithm to incorporate contemporary skeletal techniques and up-
per airway stimulation (UAS), also known as hypoglossal nerve 
stimulation. While the general otolaryngologist treating OSA is 
familiar with intrapharyngeal procedures, which include uvulo-
palatopharyngoplasty (UPPP) and tongue base reduction, ex-
trapharyngeal sleep operations (MMA and UAS) have evolved 
rapidly in the recent decade and deserve a dedicated review.
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THE ROLE OF DRUG-INDUCED SLEEP 
ENDOSCOPY IN EXTRAPHARYNGEAL 

SURGERY

A thorough head and neck examination, including sleep apnea–
specific examinations, should be performed. The examination 
findings are interpreted within the context of the patient’s gen-
eral medical and sleep history. These topics are well-covered in 
numerous texts. Here, the focus is on how drug-induced seda-
tion (or sleep) endoscopy (DISE) has been used within the con-
text of extrapharyngeal surgery. 

DISE has been added to the comprehensive decision-making 
process for sleep surgery in general [12], and for MMA in partic-
ular [13-15]. MMA reverses lateral pharyngeal wall collapse and 
complete concentric collapse (CCC) of the velum under DISE. 
As lateral pharyngeal wall collapse is difficult to resolve with in-
trapharyngeal operations [16-18], MMA can be considered in 
OSA patients with this airway collapse pattern, regardless of their 
maxillofacial phenotype [19-21].

CCC of the velum during DISE is an exclusion criterion for 
UAS [2,18,22]. While UPPP and tonsillectomy can change the 
CCC pattern [23], no study has compared the success rate be-
tween these CCC-converted candidates and initially non-CCC 
patients [24]. Nevertheless, Liu et al. [20,25] have shown that 
CCC of the velum is readily reversible with tissue-sparing pala-
topharyngoplasty or MMA and that CCC reversal procedures 
can be used to establish patients as candidates for UAS, provid-
ing support for its use in combination with UAS. Further evalua-
tions establishing the surgical outcomes in CCC-converted sub-
jects are warranted.

CONTEMPORARY MAXILLOMANDIBULAR 
ADVANCEMENT

MMA, a facial skeletal surgical procedure pioneered by Riley and 

Powell at Stanford University Hospital, is one of the most effec-
tive surgical interventions for patients with OSA [20,26-28]. Pre-
viously, it was thought that the MMA effectively reduces the ap-
nea-hypopnea index (AHI) by expanding the skeletal frame and 
allowing more room for the tongue. More recent dynamic ex-
aminations have shown that in fact, stability of the velum and 
lateral pharyngeal wall is most consistently associated with the 
success of MMA [14,15]. Hence, the contribution of MMA to 
AHI reduction derives both from the stability of upper airway 
dilator muscles and from the increased intraoral volume for the 
tongue. 

Generally, the indications for MMA are as follows: moderate 
to severe OSA, and mild OSA in patients who present with a 
concomitant dentofacial deformity. Other indications include in-
adequate response to Riley-Powell phase 1 surgery (intrapharyn-
geal surgery with or without genioglossus advancement) [11,19, 
21]. Concentric and lateral pharyngeal wall collapse observed 
on DISE also favor MMA [14,15]. While there is not a strict body 
mass index (BMI) cutoff, the efficacy of upper airway surgery 
decreases with increasing BMI. There is also not an AHI cutoff, 
though it is expected that patients with a higher AHI will require 
additional treatment [29]. 

Preoperative planning  
Virtual surgical planning (VSP) using computed tomography im-
ages allows the surgeon to plan and perform MMA virtually 
[20,26]. The plan begins with correction of cant and yaw defor-
mity (if any), followed by rotation and advancement of the max-
illomandibular complex (Fig. 1). VSP also allows for a more stream-
lined and precise splint fabrication process. An adjunctive orth-
odontic intervention may complement MMA, although MMA is 
frequently performed without orthodontic decompensation 
[30,31]. An important distinction should be made between or-
thognathic surgery and MMA. Orthognathic surgery refers to 
straightening of the jaws, during which the jaw may be moved 
in any direction, including posteriorly. This can be unfavorable 
for the airway [32-35]. MMA does incorporate orthognathic 
needs, but it prioritizes the airway. The balance of “breathing, 
bite, and beauty,” in that order, is the goal. 

Key surgical steps
Midface degloving followed by an osteotomy through the lateral 
and medial buttress of the maxilla is performed. A wedge is then 
removed from the anterior piriform rim to impart a counter-
clockwise (CCW) rotation (Fig. 2A). Differential anterior impac-
tion is performed with the rotation center at the maxillary but-
tress. The maxilla is rotated in line with the buttress and the lev-
el of the first molar is maintained. CCW decreases the negative 
esthetic impact of a large maxillary advancement, while maxi-
mizing the anterior movement of the mandible [20].

Disjunction of the maxillary posterior wall from the pterygoid 
plates is performed with a curved osteotome. The nasal septal 

  Maxillomandibular advancement (MMA) and upper airway 
stimulation (UAS) are extrapharyngeal operations for obstruc-
tive sleep apnea (OSA) that have shown high rates of efficacy 
with stable long-term results.

  The indications for MMA have expanded since the advent of 
drug-induced sleep endoscopy, as it has been shown to effec-
tively address concentric collapse of the velum and lateral 
pharyngeal wall collapse. 

  Candidacy for UAS can be expanded by a variety of intrapha-
ryngeal and extrapharyngeal procedures that help patients 
match inclusion criteria.

  Extrapharyngeal surgery lends insights into the mechanisms of 
maintaining upper airway stability during sleep in OSA patients.
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attachment to the maxilla is severed and the maxilla is down-
fractured. The maxilla is mobilized until it can be freely posi-
tioned to the planned surgical position confirmed by the inter-
mediate splint, where multiple positions can be fabricated from 
the VSP process. Traction with wire through the anterior nasal 
spine and application of lateral forces to the posterior maxillary 

wall facilitate complete mobilization of the maxilla (Fig. 2B). A 
septoplasty is performed, followed by widening of the nasal 
floor and piriform rim. The anterior nasal spine is contoured to 
minimize overprojection of the nasal tip and widening of the 
nose. These steps are critical to prevent nasal obstruction after 
MMA [36]. After fixation of the maxilla with plates, additional 

Fig. 1. Virtual surgical planning (VSP) of maxillomandibular advancement with counterclockwise rotation: preoperative VSP (A), postoperative 
VSP (B), and postoperative computed tomography scan (C).

A B C

Fig. 2. Schematic drawing of maxillomandibular advancement. LeFort I osteotomy. (A) Exposure of the piriform aperture and nasal floor. Le 
Fort I osteotomy and wedges (dotted lines) for counterclockwise rotation. (B) Maxilla mobilization via traction with wire through the anterior na-
sal spine. (C) Fixation with titanium plates. Virtual surgical planning-guided genioglossus and geniohyoid advancement. (D) The anterior man-
dible is exposed and the osteotomy guide is designed to capture the genial tubercle (dotted line) while avoiding dental roots and mental nerves. 
(E) The osteotomy is made using a reciprocating saw. The genial tubercles (dotted line) are preserved. (F) The mobilized graft is moved for-
ward and fixed with a plate. Sagittal split mandibular osteotomy. (G) The mandibular ramus and body are exposed by subperiosteal dissec-
tion. (H) The horizontal osteotomy is made through the lingula and the anterior osteotomy split sequentially with three osteotomes. (I) The man-
dible is advanced, and fixation is performed with positional screws and titanium plates. 
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temporary fixation is made with suspension wires placed from 
the lateral piriform rim to bone-anchored screws in the maxil-
lary alveolus (Fig. 2C). This is to be used later with the mandibu-
lar counterpart for maxillomandibular fixation (MMF), instead 
of archbars or orthodontic brackets. This increases both stability 
and accuracy prior to final fixation.

After confirming proper maxillary advancement, bilateral 
sagittal split ramus osteotomies of the mandible are performed 
using standard techniques with modifications for older adults 
with OSA (Fig. 2G) [20]. The proximal and distal fragments of 
the mandible are gently wedged open with three osteotomes in-
serted in a sequential sandwiched fashion, instead of forceful 
use with splitters (Fig. 2H). Age or severity of OSA does not 
contribute to a favorable split as much as surgical technique. Os-
teotomy through the lingula and an anterior vertical osteotomy 
that stops at the midline of the inferior border are associated 
with ideal mandibular osteotomy for large advancements [37].

After application of the final splint with MMF using bone-an-
chored wires, the first two bicortical positional screws are ap-
plied through the proximal and distal segments using a transfa-
cial trocar. The mandibular plate is then used to span the ad-
vancement gap, which usually ranges from 1.2 to 2 cm (Fig. 2I). 
The rigid fixation enables a rapid return to function. If indicated, 
genioglossus advancement is performed before sagittal split os-
teotomy. The authors prefer VSP-guided genial osteotomy to en-
sure that the genial tubercle is included in the advanced bony 
segment (Fig. 2D-F), as well as to minimize the risk of injury to 
the mental nerve or dental roots [38].

Postoperative considerations 
Postoperatively, 6- or 8-ounce guiding elastic bands are applied 
in a class 2 fashion without a splint. This allows MMA patients 
to breathe orally when there is significant nasal congestion. 
Starting the third week after surgery, patients begin consuming 
a soft diet. 

Complications
Airway compromise represents the most dangerous, although 
exceedingly rare, complication after MMA. Minimal use of nar-
cotic pain medication is expected postoperatively [20]. Mandib-
ular fracture occurs in 1.0% of patients, and is commonly asso-
ciated with concomitant medical comorbidities in older patients 
[29]. Facial paresthesia is very common and frequently takes a 
prolonged course to recovery [39]. Hardware is removed in 
15% of MMA patients, with mandibular hardware most com-
monly removed [20].

Treatment outcomes 
Meta-analyses and long-term follow-up studies have demon-
strated that MMA consistently results in a high surgical success 
rate and a modest cure rate. Holty and Guilleminault [39] per-
formed the largest meta-analysis, examining 22 studies involv-

ing 627 patients who underwent MMA for OSA. The study re-
ported a mean AHI decrease from 63.9 to 9.5 events per hour. 
The authors defined surgical success as achieving at least a 50% 
reduction in the AHI, with a final AHI less than 20 events per 
hour. The surgical success rate was 86.0% and the cure rate (AHI 
<5 events per hour) was 43.2%. The predictive factors for surgi-
cal success included younger age, lower preoperative weight, 
lower AHI, and a greater degree of maxillary advancement. The 
major and minor complication rates were 1.0% and 3.1%, re-
spectively. Another large meta-analysis performed by Zaghi et al. 
[29], which included 45 studies involving 528 patients, showed 
that mean postoperative changes in the AHI and respiratory dis-
turbance index (RDI) after MMA were 47.8 and 44.4 events per 
hour, respectively. They reported success and cure rates of 85.5% 
and 38%, respectively. The most important predictor of surgical 
cure was a preoperative AHI less than 60 events per hour. An-
other recent meta-analysis, in which most patients had previous-
ly undergone intrapharyngeal surgery, reported that the surgical 
success rate of MMA using the same criteria was 100% with re-
spect to AHI and RDI scores [40]. Some studies have shown sig-
nificant improvements in both the AHI and sleep quality after 
MMA. Liu et al. [41] reported that sleep architecture normalized 
after MMA, with an increase in rapid eye movement (REM) sleep 
and a decrease in wakefulness after sleep onset. 

In 40 patients who underwent MMA with an average follow-
up of 4.2 years (range, 1–12 years), 36 patients (90%) main-
tained a significant reduction in RDI from 71.2 events per hour 
to 7.6 events per hour, with improvements in daytime sleepiness 
[42]. In another study with a mean follow-up of 12.5 years, the 
surgical success rate was maintained at 100% in patients less 
than 45 years old who had a BMI less than 25 kg/m2 [43].

MMA induces facial changes. Several studies have evaluated 
patients’ attitudes towards esthetic changes after MMA and re-
vealed that the majority of patients were satisfied or neutral 
about their postoperative appearance [27]. Strategies to control 
facial soft tissue appearance include suturing the alar base to 
correct the widening of the nasal base, anterior nasal spine re-
duction to improve the nasolabial angle, and genioplasty to im-
prove chin prominence [42]. 

UPPER AIRWAY STIMULATION

Various systems for UAS have been introduced. Generally, they 
involve electrical neurostimulation therapy of the hypoglossal 
nerve, as in the Hypoglossal Nerve Stimulation system (Apnex 
Medical, St. Paul, MN, USA), the Aura6000 Targeted Hypoglos-
sal Neurostimulation system (ImThera Medical, San Diego, CA, 
USA), and the Inspire II UAS device (Inspire Medical Systems, 
Maple Grove, MN, USA) [18]. Of these, the Inspire system has 
been approved by the Food and Drug Administration for clinical 
use. It generates a unilateral respiration-synchronized stimula-
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tion of the medial hypoglossal nerve branches and C1 nerve, 
leading to tongue stiffening and protrusion during sleep via the 
genioglossus and geniohyoid muscles. The discussion in this re-
view will focus on the Inspire system. 

While UAS mainly affects the dilator muscles in the tongue 
and expands the retroglossal airway, it can also be effective in 
patients with isolated retropalatal collapse [44]. This phenome-
non of retropalatal opening can be explained by the theory of 
mechanical coupling, in which anterior movement of the tongue 
pulls the palatoglossus muscle, affecting the inferior and anterior 
displacement of the palate [45]. Indications and contraindica-
tions for UAS are presented in Table 1 [18,22,46]. 

Anatomical considerations
The hypoglossal nerve (CN XII) innervates both the tongue pro-

trusor (genioglossus) and tongue retrusor (styloglossus and hyo-
glossus) muscles through the medial and lateral divisions, re-
spectively. Selective stimulation of the protrusor muscle leads to 
anterior movement of the tongue, resulting in increased airflow 
and reduced pharyngeal collapse during sleep [47]. Selective 
stimulation of the deep and horizontally oriented genioglossus 
fibers over the superficial and oblique genioglossus fibers results 
in anterior displacement with curling and stiffening of the 
tongue, further expanding the upper airway [48]. The first cervi-
cal spinal nerve (C1) along with the medial branch of CN XII, 
innervates the geniohyoid muscle and contributes as an extrinsic 
protrusor and intrinsic stiffener (Fig. 3). While recommended for 
inclusion, it has not yet shown additional benefit in OSA treat-
ment [49]. A radiologic study revealed that smaller baseline soft 
palate volume and greater anterior tongue movement with 
stimulation improved treatment response to UAS [50]. 

To achieve maximum airway expansion through anterior dis-
placement of the tongue, the medial division of CN XII and C1 
must be included, while avoiding the lateral division of CN XII 
(Fig. 3) [48,51]. Surgeons need to keep in mind the complex sur-
gical anatomy of CN XII and identify the optimal location for 
the stimulation cuff in selective UAS.

Key surgical techniques
The implantation of UAS is performed under general anesthesia. 
The patient is placed in the supine position, and the patient’s 
neck is extended and turned to the left. A nerve monitoring sys-
tem (Medtronic, Minneapolis, MN, USA) is applied by introduc-
ing probes into the hyoglossus and genioglossus muscles. During 
surgery, these provide branch-specific feedback to decide which 
branches of the CN XII to include in the stimulation cuff elec-
trode. After careful placement of the patient, three incisions for 

Table 1. Indications and contraindications for upper airway stimulation

Indication and contraindication

Indication
   - Moderate to severe OSA: AHI 15–65 events per hour
   - PAP failure
   - Age >22 yr
   - BMI <32 kg/m2

Contraindication
   - Central+mixed apnea >25% of the total AHI
   - Complete concentric palatal collapse on DISE
   - Pregnancy
   - Preexisting anatomic variants or neurologic disorders
   - Patients who require MRI

OSA, obstructive sleep apnea; AHI, apnea-hypopnea index; PAP, positive 
airway pressure; BMI, body mass index; DISE, drug-induced sleep en-
doscopy; MRI, magnetic resonance imaging.

Fig. 3. Tongue muscles and branches of the hypoglossal nerve (CN XII). The medial branches of CN XII (med CN-XII) and first cervical spinal 
nerve (C1) selectively innervate the primary upper airway dilators: the genioglossus (GG) and geniohyoid (GH) muscles, respectively. The lat-
eral branches of the hypoglossal nerve (lat CN-XII) innervate the retrusor muscles: the hyoglossus (HG) and styloglossus (SG). The ideal 
placement of the stimulation cuff electrode is distal to the lateral branch of CN XII, thereby including the medial branch and C1 nerve. T/V, 
transverse and vertical; SL, superior longitudinal; IL, inferior longitudinal; GGo, genioglossus oblique; GGh, genioglossus horizontal. 
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the stimulation lead (neck), implantable pulse generator (IPG) 
pocket (superior chest), and sensing lead (inferolateral chest) are 
made (Fig. 4).  

The first incision in the submandibular region, one finger 
width below the mandible, is used to place the stimulation lead. 
After identifying the main trunk of CN XII, stimulation of the 
various branches of CN XII allows the surgeon to exclude 
branches producing a stimulation at the hyoglossus and to in-
clude branches producing a stimulation of the genioglossus and 
geniohyoid. The nerve stimulator cuff is placed around the se-
lected inclusion branches of CN XII and anchored to the anteri-
or belly of the digastric muscle (Fig. 4A).

The IPG pocket incision is made in the right superior chest 
superficial to the fascia of the pectoralis muscle. This pocket 
should be approximately 5 cm wide, corresponding to the di-
mensions of the IPG, and placed to avoid hindering arm mobili-
ty (Fig. 4B). An inferolateral chest incision is made in the fifth or 
sixth intercostal space to place the sensing lead between the in-
ternal and external intercostal muscles, with care taken not vio-
late the pleural space (Fig. 4C) [22]. 

Finally, the stimulation lead and sensing lead are tunneled to 
the IPG pocket and the leads are plugged into the IPG. Once as-
sembled, the functioning of the system is tested at various stim-
ulation thresholds. Unhindered protrusion of a stiffened tongue 
is confirmed as well as the absence of retraction. The sensing 
lead function is verified by assessing the sensor waveform. 

Patients are scheduled for a postoperative evaluation at 1 week. 
Device activation is performed 1 month after surgery, and pa-
tients are instructed to start using their device and increase the 
voltage gradually over the following weeks. This serves as a ha-
bituation period. Titration polysomnography is performed 2 months 
after surgery. During the titration sleep study, much like CPAP 
titration, the voltage is incrementally increased until respiratory 
abnormalities disappear. 

Treatment outcomes
The STAR trial found UAS to be successful, with a median 68% 
decrease in AHI severity [52]. Recent meta-analyses indicated 
that UAS is a safe and effective surgical option for selected pa-
tients with moderate to severe OSA. Kompelli et al. [53] ana-
lyzed 381 patients across 16 studies and reported a mean AHI 
reduction of 21.1 events per hour (95% confidence interval [CI], 
16.9–25.3 events per hour), a mean oxygen desaturation index 
decrease by 15.0 (95% CI, 12.7–17.4), a mean Epworth Sleepi-
ness Scale decrease by 5.0 (95% CI, 4.2–5.8), and a mean Func-
tional Outcomes of Sleep Questionnaire increase by 3.1 (95% CI, 
2.6–3.4). Costantino et al. [54] compared surgical results across 
UAS devices, and reported mean AHI reductions of 17.5 events 
per hour (inspire; 95% CI, 14.98–20.01 events per hour), 24.20 
(ImThera; 95% CI, 11.01–37.39 events per hour), and 20.10 
(Apnex; 95% CI, 10.58–29.62 events per hour) at 12 months 
after surgery. The surgical success rate was 72.4% (Inspire), 76.9% 

Fig. 4. Hypoglossal nerve stimulation system. (A) Stimulation cuff lead placement. To identify the medial branch (br) of the hypoglossal nerve, 
the anterior belly of the digastric muscle and mylohyoid muscle (m) are identified and retracted inferiorly and anteriorly, respectively. (B) The 
implantable pulse generator delivers electric pulses through a stimulation lead to the hypoglossal nerve synchronous with respiratory cycles 
detected by a sensing lead. (C) Sensing lead placement. The distal end of the sensing lead is placed between internal and external intercos-
tal muscles parallel to the adjacent ribs.
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(ImThera), and 55% (Apnex) at 12 months, and 75% (Inspire) 
at a 60-month follow-up. 

OSA patients who had difficulties tolerating CPAP also showed 
a relatively high adherence to UAS. A study including 102 patients 
revealed that 22.6% of the patients used UAS therapy for less 
than 4 hours per night, 77.4% for 4 hours or more per night, 
and 55.7% for more than 6 hours per night [55]. 

UAS can improve the AHI, as well as several other sleep ar-
chitecture parameters, among responders. The arousal index and 
N1 sleep were reduced after UAS, while time spent in N2/N3. 
There were no significant changes in REM sleep [56]. Compar-
ing the effects of CPAP and UAS on blood pressure and sleepi-
ness symptoms, CPAP yielded greater improvements in blood 
pressure, while UAS led to greater improvements in sleepiness 
symptoms [57]. Recent studies have shown that OSA patients 
with an elevated BMI or those older than 65 years can be suc-
cessfully treated with UAS [58,59]. Complications after UAS in-
clude pain (6.2%; 95% CI, 0.7%–16.6%), tongue abrasion 
(11.0%; 1.2–28.7), and internal (3.0%; 0.3–8.4) or external de-
vice (5.8%: 0.3–17.4) malfunction [58]. 

MMA AND UAS: WHEN AND WHY

MMA and UAS are similar in that they do not involve direct in-
terventions affecting the pharynx, but indirectly and effectively 
intervene on the pharyngeal airway. In healthy subjects, upper 
airway dilator muscles prevent upper airway collapse during 
sleep [18]. Most moderate to severe OSA patients experience 
airway collapse at multiple sites [60]. Both MMA and UAS are 
multilevel approaches that increase the size of the retropalatal 
airway predominantly in the anteroposterior direction and in-
crease the size of the retroglossal airway in anteroposterior and 
lateral directions [45,61]. MMA fulfills this goal through improved 
anchorage of airway muscles based on the skeletal position, where-
as UAS achieves this goal through dynamic modulation of tongue 

muscles. In addition, UAS is titratable, and many configurations 
may be programmed to optimize treatment efficiency [2,48]. 
This adjustability is critical because OSA is a chronic condition 
that requires continued management long-term (Table 2).  

The primary target patient differs between these two proce-
dures. However, MMA and UAS may complement each other. 
If a patient has an AHI greater than 65 events per hour, or has 
concentric and lateral pharyngeal wall collapse during DISE, 
then MMA can be an option to address both the unfavorable 
collapse pattern and severe OSA. After MMA, if the AHI re-
mains above 15 events per hour, then UAS can follow. This pro-
cess frequently achieves a cure. At Stanford, our younger pa-
tients with severe OSA usually undergo MMA. In those who are 
contraindicated for MMA or who elect to undergo UAS, a vari-
ety of procedures such as UPPP, genioglossus advancement, 
tongue base reduction and maxillary expansion can mitigate se-
vere OSA or reverse concentric collapse gain and achieve eligi-
bility for UAS [21,62]. 

CONCLUSION

Surgical interventions that treat OSA should address the ana-
tomic abnormality related to the pathophysiology of OSA. 
MMA and UAS have both shown predictable, relatively high 
success rates. Each approach has unique strengths and limita-
tions, and for the most complex of OSA patients, the proce-
dures can complement each other. Extrapharyngeal airway op-
erations are critical for achieving favorable outcomes for sleep 
surgeons.
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Table 2. Comparison of the clinical implications of MMA and UAS

MMA UAS

Indication - Dentofacial deformity
- Phase II surgery as per original Stanford protocol
- Significant lateral pharyngeal wall collapse and concentric collapse of 

the velum on DISE

- Older patients with preexisting comorbidities
- AHI: 15–65 events per hour

Strength - Expands the lateral pharyngeal airway
- Possible in patients with very severe AHI (>65 events per hour) and a 

complete circumferential collapse pattern on DISE

- Titratable and adjustable
-  Suitable option for older patients with preexistent   

comorbidities
- Short recovery time

Limitation - More invasive intervention
- Contraindicated in older patients with preexisting comorbidities 
- Longer recovery time

-  Contraindicated in patients with complete circumferential  
collapse pattern in DISE

- Incompatibility with MRI 
- High cost of implant

MMA, maxillomandibular advancement; UAS, upper airway stimulation; AHI, apnea-hypopnea index; DISE, drug-induced sleep endoscopy; MRI, magnetic 
resonance imaging.
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