
ABSTRACT

Obstructive sleep apnea syndrome (OSAS) is characterized
by recurrent episodes of upper airway collapse and obstruction
during sleep. Patients with craniomaxillofacial anomalies
usually present with OSAS secondary to decrease in volume
of posterior space at the level of the hypopharynx. This study
was designed to assess the improvement in OSAS by surgical
correction of craniofacial malformations. The study was
conducted on 14 patients presenting with different forms of
craniomaxillofacial malformations and OSAS. Preoperative
and postoperative evaluation of sleep apnea was done by
Polysomnographic study. Surgical correction of the mandibular
deficiency and/or maxillary hypoplasia greatly improved the
sleep apnea symptoms.

INTRODUCTION

Obstructive sleep apnea (OSA) is characterized
by recurrent episodes of cessation of breathing
lasting for at least ten seconds due to upper airway
collapse and obstruction during sleep [1]. These
episodes of obstruction are associated with recurrent
oxyhemoglobin desaturation and arousals from
sleep. The syndrome can be a central, obstructive,
or mixed type. The first form is due a decrease of
impulses from the central nervous system to the
diaphragm and inspiratory muscles. Obstructive
sleep apnea syndrome is characterized by cessation
of airflow because of upper airway obstruction
despite simultaneous respiratory effort [2].

The upper airway is a compliant tube and is
therefore subject to collapse. The majority of
patients with OSAS demonstrate upper airway
obstruction, either at the level of the soft palate
(nasopharynx) or at the level of the tongue (orophar-
ynx) [3]. Recent research indicates that both ana-
tomic and neuromuscular factors are important [4].
Anatomic factors, such as enlarged tonsils, macro-
glossia, or abnormal positioning of the maxilla and
mandible, decrease the cross-sectional area of the
upper airway and/or increase the pressure surround-
ing the airway, both of which predispose the airway
to collapse [5].
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Current surgical procedures employed for OSAS
include tonsillectomy and adenoidectomy [5,6],
nasal surgery (septoplasty, partial turbinectomy
[7], tongue reduction [8], uvulopalatopharyngoplas-
ty [9,10]. Craniofacial malformations contributing
to OSAS can be treated by osteotomy advancement
of the mandible and/or maxillary advancement [11].
Selection of surgical procedure is based on the
anatomic site of the obstructive process, the severity
of the sleep apnea, and the presence of skeletal
abnormality.

PATIENTS AND METHODS

This study included 14 patients with different
forms of craniofacial malformations. The study
was conducted between May 2001 and July 2003
in the department of plastic surgery, Ain Shams
University Hospitals, Cairo Egypt. The patients
were in the age range of 6 months to 21-year old
with an average of 11.5 years. Two patients had
an Apert’s syndrome, two patients had Crouzon’s
syndrome, four patients had maxillary hypoplasia
and class III malocclusion, two patients had ret-
rognathia and class II malocclusion, three patients
had bilateral hemifacial microsomia, and one patient
had bilateral temporomandibular ankylosis. Clinical
assessment was done for all patients that showed
variable degrees of daytime hyperexcitation, recur-
rent upper airway infections, restless sleep, noc-
turnal nightmares, and loud snoring. In the six
months old patient, the only symptom was snoring
or a noise emitted during nocturnal breathing.

All patients were subjected to an overnight
polysomnographic evaluation in the sleep labora-
tory. The polysomnographic study usually includes
multiple channels aiming to monitor sleep state,
as well as cardiac and respiratory parameters (Fig.
1). Parameters measured during an overnight sleep
study include monitoring the sleep state, electrooc-
ulogram, airflow at the nose and mouth, chest and



Four patients had maxillary hypoplasia and
class III malocclusion. Three patients underwent
maxillary advancement. One patient underwent
midface distraction. Two patients with retrognathia
and class II malocclusion, one patient underwent
mandibular distraction, the other patient underwent
advancement genioplasty. Three patients with bi-
lateral hemifacial microsomia underwent bilateral
mandibular distraction. One patient with bilateral
temporomandibular ankylosis underwent bilateral
mandibular distraction with advancement genio-
plasty (Table 1).

RESULTS

The study included fourteen patients who had
different form of craniofacial malformation and
obstructive sleep apnea. Follow-up period ranged
from 18 to 30 months. Postoperative cephalometry
showed an increase in the posterior airway gap
between the base of the tongue and the posterior
pharyngeal wall. Follow-up C.T. scan showed the
improvement in midface deficiency with improve-
ment of the airway. The sleep study showed im-
provement in the sleep state in terms of improved
airflow at the nose and mouth, better chest and
abdominal wall movement, decreased end-tidal
carbon dioxide, and increase oxygen saturation.
Furthermore, clinical symptoms of sleep apnea
improved (Figs. 3,4).

abdominal wall motion, pulse oximetry, electrocar-
diogram, and end-tidal carbon dioxide [3,4].

All patients had a skull three-dimensional com-
puted tomography that diagnosed craniofacial
synostosis and the extent of midface deficiency.
Cephalometry was done for all adult patients to
evaluate the discrepancy between the maxilla and
mandible as well as evaluation of the posterior
airway space between the base of the tongue and
the posterior pharyngeal wall (Fig. 2). Cephalom-
etric radiography is however, a two dimensional
method of evaluating a three-dimensional area.
Thus, its reliability can be advanced by the addition
of three-dimensional CT scans. Panoramic X-ray
was done for patients that had hemifacial microso-
mia and bilateral temporomandibular ankylosis
that showed a degree of bony deficiency.

Surgical procedures:

In the two patients with an Apert’s syndrome,
one patient underwent Fronto-orbital advancement
and Le Fort III advancement osteotomy. The other
patient underwent monobloc advancement (Fig.
3). In the two patients with Crouzon’s syndrome,
one patient underwent Fronto-orbital advancement
and Le Fort III advancement osteotomy. The other
patient underwent monobloc advancement.
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Table (1): The diagnosis, age, sex of the patients and surgical procedure performed for each patient.

Age
(Yrs)

2

6 months

21

5

12

19

13

7

12

15

16

2

17

16

Surgical procedure

Front-orbital advancement and Le Fort III advancement osteotomy

Mono-bloc advancement

Fronto-orbital advancement

Le Fort III advancement osteotmy

Maxillary advancement

Maxillary advancement

Maxillary advancement

Midface distraction

Mandibular distraction

Advancement genioplasty

Bilateral mandibular distraction

Bilateral mandibular distraction

Bilateral mandibular distraction

Bilateral mandibular distraction with advancement genioplasty

Sex

Male

Male

Female

Male

Female

Male

Male

Male

Female

Female

Male

Male

Female

Female

Patient’s diagnosis

Apert’s syndrome

Apert’s syndrome

Crouzon’s syndrome

Crouzon’s syndrome

Maxillary hypoplasia

Maxillary hypoplasia

Maxillary hypoplasia

Maxillary hypoplasia

Mandibular hypoplasia

Mandibular hypoplasia

Hemifacial microsomia

Hemifacial microsomia

Hemifacial microsomia

Bilateral temporomandibular
ankylosis
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Fig. (1): Polysomnographic study showing obstructive sleep
apnea. Note the absence of flow despite respiratory
effort.

Fig. (2): (Left) Normal cephalometric radiograph. (Right)
Abnormal cephalometric radiograph. Note the man-
dibular deficiency, elongated soft palate, and de-
creased posterior airway space.

Fig. (3-A): 24-year old patient has Crouzon’s syndrome. Fig. (3-B): Lateral view showing severe midface deficiency
that results in sleep apnea.

Fig. (3-C): Postoperative frontal view showing improvement
in the orbital and midface areas.

Fig. (3-D): Postoperative lateral view showing the improved
midface deficiency.



Deficiency of the maxillofacial skeleton is a
well-recognized risk factor of OSA [13,14]. Maxil-
lomandibular advancement was initially advocated
based on the finding that maxillary or mandibular
deficiency or both are frequently found in patients
with OSA, and that maxillomandibular deficiency
results in diminished airway dimension, which
leads to nocturnal obstruction. Maxillomandibular
advancement achieves enlargement of the pharyn-
geal and hypopharyngeal airway by physically
expanding the skeletal framework. In addition, the
forward movement of the maxillomandibular com-
plex improves the tension and collapsibility of the
suprahyoid and velopharyngeal musculature as
well as reduces lateral pharyngeal wall collapse
[15].

DISCUSSION

Obstructive sleep apnea syndrome is a vital
presentation in patients that have one of the cran-
iomaxillofacial anomalies [3]. The potential sites
of obstruction in the airway include the nose, palate
(velopharynx), and tongue base (hypopharynx).
Additionally, the lateral pharyngeal wall has been
increasingly recognized as one of the major factors
that contribute to airway collapse in obstructive
sleep apnea [12]. With the aide of cephalometric
analysis, certain craniofacial features have also
been identified as risk factors in contributing to
airway narrowing in OSA [13,14]. Today, numerous
surgical procedures have been developed to im-
prove the underlying anatomical abnormalities in
treating different sites of obstruction in OSA.
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Fig. (4-A): 2-year old patient with bilateral hemifa-
cial microsomia, preoperative front view.

Fig. (4-B): Preoperative lateral view.

Fig. (4-C): Post closure of soft tissue and bilateral mandibular
distraction.

Fig. (4-D): Postoperative lateral view.
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Maxillomandibular advancement is the most
effective sleep apnea surgical procedure currently
available. The success rate is usually between 75
and 100% with a long-term success approaching
90% [16-21]. Although Maxillomandibular advance-
ment is considered a fairly invasive procedure, the
associated surgical risks are low, including bleeding,
infection, malocclusion, and permanent numbness.
In general, patient perceptions of surgical outcome
have been very favorable [19].

Maxillary hypoplasia is a common finding in
patients with OSA [22,23] and has been associated
with increased nasal resistance [24-26]. Patients
with maxillary hypoplasia often have corresponding
mandibular constriction, which decreases intraoral
volume. Preliminary reports on the expansion of
the maxilla or the maxillomandibular complex
have shown promising results in the improvement
of OSA [27,28]. The procedure consists of limited
osteotomies to allow widening of the maxilla and
mandible with distractors. Maxillomandibular
expansion is considerably less invasive than Max-
illomandibular advancement and is easier to per-
form. Because orthodontic treatment is mandatory,
this procedure may be best suited for adolescents
and young adults.

The association between OSA and morbidity
and mortality is clear. Nonsurgical treatments have
been shown to be effective; however, most are
limited by patient compliance. Although surgical
therapy has been viewed as a treatment alternative
in patients who are intolerant to conservative
treatments, it is undeniable that outcome data have
demonstrated that surgical therapy can be successful
in the management of OSA. A thorough preopera-
tive evaluation to identify the type of airway ab-
normality is mandatory. The utilization of different
surgical approaches with properly selected patients
can result in improved clinical outcomes while
minimizing complications and avoiding unneces-
sary operations.
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