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Abstract

The present survey systematizes the modern foreign literature
devoted to the recent advances in the surgical management of the
patients with obstructive sleep apnea and snoring. The results from
the application of a variety of contemporaty methods are briefly
described. A special attention is paid to the maxillomandibular
advancement that represents the most common maxillofacial surgical

bstructive sleep apnea is a relatively com-

mon sleep breathing disorder that is popu-

larly associated with snoring and exces-
sive daytime sleepiness. A surgical approach to
its treatment remains an area of intense debate,
both within and without the surgical community
itself. Although continuous positive airway pres-
sure therapy remains the gold standard for the
treatment of obstructive sleep apnea, surgery may
be indicated to facilitate conservative management
and/or improve compliance in cases where the lat-
ter is poorly tolerated.
G. Dimitroulis (1997) reviews the role of the oral
and maxillofacial surgeon in the recognition and
management of this disorder. According to this
author, surgery of the upper airways includes uvu-
lopalatopharyngoplasty and partial glossectomy
while specidic maxillofacial surgery incorporates
geniotubercle advancement (or geniotomy) and/or
hyoid suspension; advancement genioplasty; man-
dibular advancement and/or advancement genio-
plasty as well as maxillomandibular advancement
and/or advancement genioplasty.
Historically, tracheostomy is the first surgical
modality used for the treatment of obstructive
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technique in this interdisciplinary field. The promising perspectives
of multi-level surgery of the upper airway for obstructive sleep apnea
are mentioned, too.
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sleep apnea that has proved effective in bypass-
ing the impaired pharyngeal airway. In 1981, the
first uvulopalatopharyngoplasty is carried out in
obstructive sleep apnea (2). It increases the pharyn-
geal cross-sectionbal area and decreases pharyngel
collapsibility (3). An enlarged tongue (macroglos-
sia) calls for tongue reduction surgery extending
from the midline of the posterior tonge down to the
free margin of the epiglottis. The recognition of the
importance of tongue position leads to the applica-
tion of orthognathic surgical principles to obstruc-
tive sleep apnea management (4). The technique
of geniotubercle advancement is developed for
advancing the tongue forwards without changing
the lower facial esthetics or the dental occlusion
where mandibular dimensions are normal (5). In
case of deficient chin, the standard advancement
genioplasty ensures esthetic advantages and brings
forward the anterior digastric muscle attachments
thus effectively providing the forward traction to
the hyoid bone and opening-up the hypopharynegal
airway (1).

Mandibular advancement surgery using bilateral
sagittal split osteotomies is effective in obstructive
sleep apnea patients with horiziontal mandibu-
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lar deficience (class II skeletal base) who do not
respond to conservative therapy and uvulopalato-
pharyngoplasty (6).

Although bimaxillary advancement surgery has
been originally reserved for obstructive sleep apnea
patients with major skeletal deficiencies, the simul-
taneous advancement of both the maxilla (Le Fort
I downfracture osteotomy) and mandible (bilateral
sagittal split ramus osteotomy) is becoming a more
popular surgical approach to these patients who
have failed to respond to other treatment modali-
ties (1).

B. T. Kotecha and A. C. Hall (2014) summarize the
current range of surgical treatment options together
with the evidence base for their intervention in
otolaryngology, maxillofacial and bariatric sur-
gery. According to the surgical site, these authors
consider nasal, oropharyngeal, hypopharyngeal,
maxillofacial, tracheal and gastric surgical tech-
niques for obstructive sleep apnea. They outline
the importance of the radical palatal surgery, the
uvulopalatopharyngoplasty, the laser assisted pala-
toplasty, the radiofrequency thermotherapy of the
soft palate and the tongue base, the hyoid suspen-
sion, the midline glossectomy, the epiglottic wedge
resection, the minimally invasive palatal and tongue
base surgery, and the transoral robotic surgery. The
advantages of tracheostomy consist in the fact that
it bypasses the obstructive segment and remains
highly efficient although being invasive and diffi-
cult in obese individuals. The bariatric Roux-en-Y
gastric bypass provides objective improvement
and decreases continuous positive airway pressure
while the vertical handed gastroplasty ensures fur-
ther health benefits (7).

The multi-level surgery of the upper respiratory
tract presents with undoubted benefits and efficacy
and is a promising option for further progress. Here
we should mention the hypoglossal nerve stimula-
tion (8) as well as the hyoid suspension (9, 10), the
tracheostomy (11), the bariatric surgery (12) and
the maxillomandibular advancement.

According to H. D. Ephros et al. (2010), the
most commonly performed surgical procedures
for snoring and obstructive sleep apnea include
nasal reconstruction, uvulopalatopharyngoplasty,
advancement genioplasty, mandibular osteotomy
with genioglossus advancement and hyoid myot-
omy and suspension. In more severe cases, max-
illomandibular advancement with advancement
genioplasty is indicated.

In a systematic review in MEDLINE and Cochrane
Library databases with meta-analysis, 21 random-
ized controlled trials are identified. They deal with
maxillomandibular advancement or without with
counterclockwise rotation in patients with obstruc-
tive sleep apnea (14). There is a statistically mean-
ingful decrease of postoperative apnea-hypopnea
index and a statistically meaningful increase of
postoperative lowest oxygen saturation values.
Maxillomandibular advancement produces statisti-
cally significant airway morphology improvements
such as postoperative airway length and airway
minimum cross-sectional areas in obstructive sleep
apnea patients (15).

The subjective outcomes and use of continuous
positive airway pressure after maxillomandibular
advancement surgery for obstructive sleep apnea
syndrome are evaluated by a self-administered
questionnaire completed pre- and postoperatively
by 116 patients (16). Surgery is very effective as
it decreases snoring by 83%, witnessed apneas
by 94% and continuous positive airway pres-
sure use by 96% (p < 0,001). The results from a
retrospective study of 265 patients with obstruc-
tive sleep apnea syndrome and an extremely high
apnea-hypopnea index score suggest that this
technique is a highly successful one-stage surgery
as it eliminates the use of continuous positive air-
way pressure, improves subjective outcomes and
considerably decreases the apnea-hypopnea index
score (p < 0,001) (17).

In a prospective randomized study on treatment of
obstructive sleep apnea syndrome, anterior-inferior
mandibular osteotomy with the purpose of stretch-
ing the suprahyoidal muscle is performed in 10
men aged 20 to 65 years, without cardiovascular or
neurologic disease, with normal maxillomandibu-
lar relation, and with an apnea index between 5 and
25 (18). Initially, there is decreased daytime sleepi-
ness and less snoring after surgery, while after 12
months, apnea index, apnea’hypopnea index, oxy-
gen desaturation index and cephalometric analysis
do not show any positive results.

Mandibular retropositioning with or without max-
illary advancement is done in a retrospective
cohort of 26 patients with sleep-related breathing
disorders (19). If this intervention is by > 5 mm, it
decreases the posterior airway space below 11 mm
(in 30,75%; p = 0,03) and proves evidence of soft
palate elongation by >32 mm (in 15,39% of the
cases; p = 0,037). Postoperative polysomnography
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displays a higher incidence of mild to moderate
obstructive sleep apnea syndrome in patients after
mandibular retropositioning > 5 mm (in 69,25%)
compared to those with mandibular retroposition-
ing in combination with maxillary advancement (in
38,46% of the cases; p = 0,039).

The analysis of 30 adult patients at a mean age
of 50,5+9,6 years indicates that maxillomandibu-
lar advancement is a clinically effective and safe
long-term treatment modality for most patients
with moderate-to-severe obstructive sleep apnea as
demonstrated by significant diminutions in apnea-
hypopnea index, diastolic blood pressure and sub-
jective sleepiness, with concomitant significant
quality of life improvement (20).

In a retrospective cohort study of 88 obstructive
sleep apnea patients undergoing maxillomandibu-
lar advancement, the volume of perioperative flu-
ids administered is not significantly associated with
increased hospital stay length; however, it might be
related to the presence of postoperative complica-
tions (21).

During a 9-year study period, 25 obstructive sleep
apnea patients have undergone maxillomandibular
advancement and genial tubercle advancement (22).
The mean maxillary and mandibular advancements
(T1 versus TO) are 9,8 mm (range, 1,6-15,2 mm)
and 10,85 mm (range, 6,3-15,8 mm), respectively.
The maxillomandibular complex advancement by
10 mm remains stable at a mean follow-up period
longer than two years and preoperative orthodontic
treatment does not influence skeletal stability.

The maxillomandibular advancement improves
systemic blood pressure in 51 obstructive sleep
apnea subjects at a mean of 4448 years and with
a mean body mass index of 29+3.4 kg/m*— from
131+£12,6 mm Hg down to 127+12,5 mm Hg; p
< 0,001, particularly in those with established
artertial hypertension (23). Thus such a surgery is
more effective for this cardiovascular disease than
other management modalities.

The following clinical recommendations when
considering skeletal surgery in preadolescent
obstructive sleep apnea patients are suggested
(24): 1) the decision criteria of maxillomandibular
advancement surgery as definite treatment; ii) the
proper surgical design for both maximal airway
enlargement and esthetic improvement, and iii)
the postoperative facial growth for long-term
stability of airway function and skeletal improve-
ment.
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The current technique for large maxillomandibular
advancements designed for obstructive sleep apnea
utilizes plates, screws, Erich Arch Bar and suspen-
sion wires which are left in place for five-six weeks
(25). Guiding elastics are worn for the first week.
This new technique yields a success rate over 90%
for patients with a body mass index <40 kg/m? and
81% for those with a body mass index > 40 kg/m?.
The large advancements during maxillomandibular
advancement surgeries can help improve postop-
erative obstructive sleep apnea outcomes.

The anterior mandibular subapical setback osteoto-
my combined with bilateral sagittal split osteotomy
in the treatment of selected obstructive sleep apnea
patients enables maximal mandibular advance-
ment, alleviates pharyngeal narrowing and mini-
mizes the alteration to the mid facial profile that is
associated with the traditional maxillomandibular
advancement (26).

Mandibular wing osteotomy is carried out in 10
subjects at a mean age of 37,847,26 years with
apnea-hypopnea index >15, previously unrespon-
sive conservative treatment for the obstructive
sleep apnea, moderate to severe retrognathia and
no suggested conventional orthognathic surgery
because of dentition or lack of willingness (27).
One year after operation, there is a significant
change in the Epworth Sleepiness Scale score and
in the apnea-hypopnea index as well.

The retrospective search in PubMed and in Sco-
pus identifies 18 articles with 522 obstructive
sleep apnea patients treated with three glos-
sectomy techniques such as midline glossec-
tomy, lingual plasty and submucosal minimally
invasive lingual excision (28). The glossectomy
significantly improves sleep outcomes as part of
multi-level surgery in such adult patients, e. g. the
apnea-hypopnea index (p < 0,0001), the Epworth
Sleepiness Scale score (p < 0,00001), the snoring
visual analogue scale (p < 0,0001) and lowest O,
saturation (p < 0,0001). Surgical success rate is
59,6% and surgical cure is achieved in 22,5% of
the cases.

A modification of the conventional genioglossus
advancement previously described by R. W. Riley
et al. (1987) consists in bone segment replacement
at the mandibular basal bone rather than at the mid
area of the symphysis (29). This means a linear
movement that allows a greater advancement and
avoids the rotation of the genioglossus muscle. The
advantages of this surgical technique include great-
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er effectiveness, stability, more pleasing esthetic
outcome and reduction of potential complications.
In 13 male obstructive sleep apnea patients at an
average age of 43,0+2,4 years and with an average
follow-up of 18,04+3,6 months, the combination
of elliptical window genioglossus advancement,
hyoid bone suspension and uvulopalatopharyn-
goplasty results in statistically significant differ-
ences between mean pre- and postoperative apnea-
hypopnea index (28,3 versus 12,1; p < 0,05) and
Epworth Sleepiness Scale score (15,2 versus 6,3;
p <0,05) (30).

In obstructive sleep apnea patients, upper airway
may be opened by an advancement genioplasty, but
this may compromise facial esthetics by over-pro-
jecting the chin prominence. A modified genioplas-
ty is presented in order to overcome this difficulty
(31). It enables a rotational repositioning allowing
for advancement of the genioglossus attachments
as well as it avoids an excessive projection of
pogonion, which would otherwise result in an unfa-
vourable profile.

Distraction osteogenesis is applied in 15 patients
with obstructive sleep apnea and temporoman-
dibular joint ankylosis (32). Rate of distraction is
I mm/day for adults and 2 mm/day for children
till the mandibular incisors are in reverse over-
jet. After distraction, Epworth Sleepiness Scale
score improves from a mean of 10,25 to 2,25,
apnoea-hypopnoea index — from 57,03/hour to
6,67/hour, lowest oxygen saturation — from 64,47%
to 81,20%, average minimum oxygen saturation
— from 92,17% to 98,19% and body mass index
— from a mean of 18,26 kg/m*to 21,39 kg/m>.

This method is a less invasive surgical technique
in the management of obstructive sleep apnea,
secondary to temporomandibular joint ankylosis
(33). It treats not only the sleep breathing disorder
but also corrects the facial asymmetry at the same
time.

Bilateral mandibular distraction osteogenesis for
obstructive sleep apnea is used in 37 patients (34).
Of them, 20 subjects are treated with external and
17 ones with internal distraction devices. The aver-
age mandibular elongation is 30 mm in the first
group versus 22 mm in the second one, however,
there is a greater risk for pin tract infection (27,5%
versus 5,88%). In addition, pin loosening in 22,5%
of the cases requires pin replacement or leads to
reduced retention period. The internal devices have
a precise and predictable vector of lengthening and

left less visible scars at the submandibular area,
however, they carry the disadvantage of requiring
a second operation for device removal.

The comparative evaluation of the effectiveness
and safety of two tongue base suspension tech-
niques (Repose(®) system and modified tongue
base suspension) with or without uvulopalatopha-
ryngoplasty in obstructive sleep apnea as reported
in several studies covering a total of 413 patients
indicates that modified tongue base suspension is
associated with significantly higher success rates
(73,7% versus 56,7%; p < 0,001) (35). The results
from the application of uvulopharyngopalatoplasty
plus tongue base suspension with or without septo-
plasty in 61 obstructive sleep apnea patients dem-
onstrate that the mean obstructive apnea duration is
the sole variable with a significant and satisfactory
area under the curve value (p = 0,003) (36). The
cutoff value is 26,75 sec with 71,4% sensitivity;
72,1% specificity; 88,0% positive predictive value
and 46,9% negative predictive value. Univariate
analysis reveals an association between surgical
failure and mean obstructive apnea duration >
26,75 sec, total apnea duration, lowest O, satura-
tion, mean O, saturation, mean O, desaturation and
oxygen desaturation index, although only mean
obstructive apnea duration > 26,75 sec remains an
independent predictor for unfavourable outcome
after adjustment for other confounders in multi-
variate analysis (p = 0,041). Therefore, the patients
with longer obstructive apnea duration are at risk of
having surgical failure.

Transoral robotic surgery is a useful and effec-
tive tool in nine children at a mean age of 10,5
years (range, 5,2-18,5) years with obstructive sleep
apnea’/hypopnea syndrome associated with base
of tongue and lingual tonsillar hypertrophy (37).
There are statistically significant postoperative
reductions of the apnea-hypopnea index (p < 0,05),
hypopneic events (p < 0,05) and lowest oxygen
saturation (p < 0,01).

The subjective perception of facial appearance after
maxillofacial surgery for obstructive sleep apnea is
evaluated in 26 patients at a mean age of 45+7
years (38). Postoperatively, 14 patients (53,85%)
indicate that their facial appearance has improved,
four patients (15,38%) record a neutral score, and
eight patients (30,77% of the cases) report a lower
score. These ratings do not correlate with changes
neither in the apnea-hypopnea index, nor in the
Epworth Sleepiness Scale following surgery.
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The results from a retrospective cohort analysis
of 267 consecutive patients with obstructive sleep
apnea reveal two early major medical complications
after intrapharyngeal surgical management among
162 patients and four complications after extrapha-
ryngeal surgery among the rest 105 patients (39).
There are statistically significant differences only
for mean age, apnea-hypopnea index, Epworth
Sleepiness Scale score, minimum nocturnal oxygen
saturation and body mass index

between the surgical groups.

According to L. Spicuzza et al. (2015), the mandib-
ular advancement devices, particularly if custom
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