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ABSTRACT

Objective: This study aimed to compare the cephalometric characteristics of obstructive sleep
apnea (0SA) patients with those of healthy subjects and to determine possible relationships between
cephalometric measurements of OSA patients and control subjects.

Methods: Standardized lateral cephalograms of 16 OSA patients and 16 healthy controls were
obtained. Airway dimensions and dentofacial parameters were measured using a cephalometric
analysis program (Dolphin Imaging Cephalometric and Tracing Software, Chatsworth, CA, USA). All
statistical analyses were conducted using SPSS version 17.0.0 (SPSS Inc., Chicago, IL, USA). De-
scriptive statistics were calculated for all measurements, and the Mann-Whitney U test was used to
evaluate intergroup differences.

Results: Midface length was significantly shorter and upper lip E-plane length was significant-
ly longer in the OSA group than in the controls (P<.05). SNA, SNB, and mandibular plane angles
(GoGn-SNJ, anterior and posterior facial heights, and posteroanterior face height ratio were similar
in both groups. Maxillary length was slightly longer in the OSA group, whereas the mandibular length
showed a slight increase in the control group (P<.05). The axial inclination of the lower incisor to its
respective plane was normal, whereas the upper incisor was significantly protrusive (P<.05) in the
OSA group. Distance between the hyoid and mandible was significantly greater in the OSA group
than in the controls, indicating that the hyoid bone was positioned more downward in the OSA group
(P<.05).

Conclusions: In this study, the patients with OSA demonstrated significant differences in several
craniofacial measurements. OSA patients showed reduced midface length and inferiorly placed hy-
oid bone and tended to have smaller airway dimensions. (Eur J Dent 2013;7:48-54)
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INTRODUCTION

Sleep induces an unnatural and unusual in-
crease in upper-airway resistance in about 2-5%
of the adult population; this condition is known as
obstructive sleep apnea (0SA)."? 0SA is character-
ized by frequent episodes of airway obstruction
associated with a reduced diameter of the upper
airway, which is vulnerable to further narrowing
and collapse.® Acute and repeated effects of apnea
and hypopnea include oxygen desaturation, reduc-
tion in intrathoracic pressure, withered executive
function and central nervous system arousals, and
excessive daytime sleepiness.*

The causes of OSA include factors related to
the upper airway anatomy, for instance, narrow
airway space, relative mandibular retrognathia,
increased tongue volume, and enlargement of
palatine or adenoidal tissue.®* Severity of OSA
may be assessed subjectively by the patient or his/
her spouse and objectively by nocturnal polysom-
nography or imaging techniques.” However, poly-
somnography has the disadvantage of being time
consuming and complicated.®

Lateral cephalography is useful to analyze
skeletal and soft tissue characteristics of patients
with OSA and has the advantage of being avail-
able in most dental clinics, easy to perform, and
less expensive than a polysomnographic exami-
nation.”'® Skeletal differences between OSA pa-
tients and control groups have been observed in
the sagittal and vertical planes.” ' Moreover, a
tendency toward shorter dimension of the cranial
base and maxillary length, maxillo-mandibular
retrognathia, and increased anterior lower facial
height and mandibular plane angle have been re-
ported.’™'” Although several studies have analyzed
these skeletal differences, there is still much de-
bate on this subject, particularly on the positions
of the mandible and hyoid bone and length of the
soft palate.

The conflicting results obtained by these stud-
ies suggest the need for well-designed controlled
studies to clearly evaluate the cephalometric
characteristics of OSA patients. The present study
aimed to compare the cephalometric characteris-
tics of OSA patients with healthy subjects and de-
termine possible relationships between cephalo-
metric measurements of OSA patients and control
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subjects. The null hypothesis to be tested stated
that no difference exists in craniofacial morphol-
ogy between patients with OSA and the healthy
population.

MATERIALS AND METHODS

This study included 16 OSA patients (11 men
and 5 women; mean age, 51.5 + 11.01 years] and
16 healthy subjects (10 men and 6 women; mean
age, 48.06 £ 9.74 years).

Subjects diagnosed with OSA on the basis of
polysomnography performed at the Suleyman
Demirel University, Faculty of Medicine, were re-
ferred to the Suleyman Demirel University, Fac-
ulty of Dentistry, Department of Oral Diagnosis
and Radiology. The patients with OSA was classi-
fied according to Apnoea + Hypopnoea Index (AHI
= average number of apnoeas+ hypopnoeas/hour
during sleep). The control group were consisted
of the patients who participated in the study and
had AHI<10. Two of the 16 subjects, who have been
determined to have OSA, had mild (AHI = 10-30),
11 had moderate (AHI = 31-50), 3 had severe (AHI
> 50) OSA. Informed consent was obtained from
all the patients, and standardized lateral cephalo-
grams of the patients were obtained.

The exclusion criteria for the OSA patients were
as follows:

1. Having less than 10 teeth in each jaw.

2. Having temporomandibular disorders.

3. Having severe periodontitis.

Standardized
healthy subjects, who did not snore, have any
history of respiratory disorders, or have daytime
somnolence, were retrospectively obtained from
the archives of the Suleyman Demirel University,
Faculty of Dentistry, Department of Oral Diagnosis
and Radiology.

lateral cephalograms of 16

Airway dimensions and dentofacial parameters
were measured using a cephalometric analysis
program (Dolphin Imaging Cephalometric and
Tracing Software, Chatsworth, CA, USA). A total of
22 measurements were performed on the lateral
cephalograms (Figure 1). Cephalometric land-
marks were marked and digitized by one of the
authors (A.Y.G). In 10 subjects, all of the measure-
ments were repeated 2 weeks later to determine
the measurement error, which was 0.994 or great-
er for all parameters.
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Statistical method

All statistical analyses were conducted us-
ing SPSS version 17.0.0 (SPSS Inc., Chicago, IL,
USAJ. Significance for all statistical tests was pre-
determined at P<.05. Descriptive statistics were
calculated for all measurements, and the Mann-
Whitney U test was used to evaluate intergroup
differences.

RESULTS

In the OSA group, the age of the patients var-
ied from 32 to 74 years, with a mean age of 51.5
+ 11.01 years. The age range in the control group
was 33-63 years, with a mean age of 48.6 + 9.74
years. Age, snoring time, accompanying pathology,
and Epworth sleep scale findings of the OSA pa-
tients are presented in Table 1. Of the 16 patients,
7 had nasal septum deviation, and the frequency of
occurrence of deviation on the right and left sides
was almost equal (4/3). Of the 16 patients, 6 had
concha nasalis hypertrophy and 4 had uvula hy-
pertrophy. Nasal polyps or high tonsils were not
present in any of the patients.

The results of the descriptive statistics and in-
tergroup comparison of cephalometric variables
are presented in Table 2. Radiographs of the 0SA
patients and control group subjects showed very
similar facial characteristics. Midface length was
significantly shorter and upper lip E-plane length
was significantly longer in the OSA group than in
the control group (P<.05). SNA, SNB, and mandib-
ular plane angles (GoGn-SN), anterior and poste-
rior facial heights, and posteroanterior face height
ratio were similar in both groups (P>.05). Maxil-
lary length was slightly longer in the OSA group,
whereas the mandibular length was found to be
slightly increased in the control group (P<.05).

Dental examination showed that there were no
differences between the position of the teeth in the
OSA and control groups. The axial inclination of
the lower incisor to its respective plane was nor-
mal, whereas the upper incisor was significantly
protrusive (P<.05).

The distance between the hyoid and mandible
was significantly greater in the OSA group than in
the control group; this finding indicated that the

Figure 1. Measurements on lateral cephalometric films.
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Table 1. Age, snoring time, accompanying pathology and Epworth sleep scale findings of the OSA patients.

Snoring Time

No Age (Years) Accompaying Patology Epworth Sleep Scale

Septum Deviation Conca H. NasalP. H.Tonsilla UvulaH. 1 2 3 4 5 6 7 8
1 53 3,5 Left Lower Right 1 3 0 0 1T 0 1 0
2 66 2,5 Left X 1 2 1 0 2 0 1 0
3 48 20 X X 3 3 3 3 2 1 2 1
4 43 2,5 Lower Right 0 0 0 0o 0 0O 0 O
5 58 12 X 0 0 0 0 0 0O O O
6 69 20 Left 1 1 0 0 1 0 0 O
7 50 12 Left Lower Bilateral 61 o 0 1 0 0 O
8 50 5 0 0 0 0 0 0 0 O
9 73 10 X X 2 2 3 0 3 1 3 0
10 46 3 Right Lower Left 2 3 0 0 0 o0 0 O
1" 52 7,5 X 3 3 0 2 2 0 3 0O
12 32 5 X X 2 2 0 0 1 0 2 O
13 52 1 X X 0 1 0 0 O O 0 O
14 50 20 X 3 1 3 2 1 1 3 0
15 35 5 Right 2 1 0 2 2 0 2 0O
16 47 5 Right 1 0 0 2 3 0 0 0O
Table 2. Comparison of the cephalometric variables (Mann Withney U test; *P<.05).

Patients with 0SA Healthy Individuals
Parameters
Mean SD Lower Upper Mean SD Lower Upper P

Maxilla-Mandible
ANB (°) 1,39 3,41 -5,50 5,80 3,83 2,44 -1,40 7,70
SNA (°) 80,93 3,84 71,40 85,60 82,29 3,77 77,40 89,00
SNB (°) 79,55 4,59 67,40 90,00 78,46 4,02 70,50 86,00
mandibular body 89,20 6,26 26,90 100,50 88,33 6,77 67,10 98,10
maxillary length 53,10 4,82 44,80 63,70 55,42 5,08 46,00 63,10
midface length 88,39 5,35 79,6 97,6 93,32 5,91 83,4 106,9 *
GoGn-SN 32,66 7,36 21,60 50,40 34,11 5,27 25,20 46,00
Lower Lip to E-Plane (mm) -6,97 2,58 -10,30 3,70 -2,49 3,51 -8,10 5,10
Upper Lip to E-Plane (mm) -6,66 2,63 -9,90 -0,80 -4,40 3,08 -8,70 2,50 &
Anterior Face Height (NaMe) (mm) 134,64 11,06 119.9 159,2 138,83 9,06 123,00 157,30
Posterior Face Height (SGo) (mm) 87,33 8,82 69.1 97,30 90,25 7,17 78,70 104,00
P-A Face Height (S-Go/N-Me) (%] 64,98 5,70 51,40 74,10 65,03 3,32 57,70 71,20
Dental
Interincisal Angle (U1-L1) (°) 125,89 8,16 112,30 141,60 132,85 9,88 117,60 150,10
U1 - NA (mm) 4,68 3,49 -2,80 8,50 3,18 3,29 -2,00 10,30
L1 - NB (mm) 2,89 4,67 -6,10 9,60 5,36 3,46 0,30 12,90
U1-NA(9) 23,03 6,16 11,40 31,50 17,10 7,35 6,00 29,30 g
L1-NB(°) 25,18 7,16 14,80 38,00 24,98 7,06 15,10 39,60
Pog - NB (mm) 2,87 2,16 -1,00 7,50 2,39 2,60 -2,30 6,70
Airway
PNS to Soft Palate (mm) 42,71 5,14 34,40 52,00 41,66 5,47 34,50 56,80
Max Soft Palate Thickness (mm) 9,84 2,02 6,70 13,30 9,24 1,95 6,90 14,70
Inferior Airway Space IAS (mm) 7,12 2,81 3,90 14,30 8,26 2,71 2,80 13,60
Sup Airway Space SPAS (mm) 10,67 3,27 5,90 17,70 11,26 4,00 5,20 19,90
Hyoid to Mandible 25,87 7,33 15,50 37,20 19,75 6,57 9,30 31,20 *
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hyoid bone was positioned more downward in the
OSA group (P<.05). All of the airway measure-
ments were smaller in the OSA group than in the
control group; however, the difference in middle
airway space length was significant in the OSA
group (P<.05).

DISCUSSION

Recent studies have reported skeletal differ-
ences between OSA patients and control groups in
the sagittal and vertical planes.!-'“ Battagel et al'®
stated that these anatomical differences place the
entire facial complex closer to the cervical spine
and thus contribute to the reduction of space
available for the airway in both sleep-disordered
breathing groups.

This study failed to demonstrate any differenc-
es in the positional relationships of the mandible
and maxilla between the OSA and control groups
in both the vertical and sagittal dimensions; this
finding was in contrast to that of another study.15
Mandibular retrognathia has been reported by
some authors,'?? whereas other studies have
found no evidence of mandibular retrognathia.”#.%

OSA patients had reduced midface length, and
this finding supported that of Tangugsorn et al15
Reduced midface length may cause a reduction of
space available for the airway.

The upper incisors were more protrusive in the
OSA patients than in the control group. However,
other studies did not find any such difference.”'
Protrusion of the upper incisors may be attrib-
uted to oral breathing resulting from obstruction
of the upper airways. Although the upper incisors
were more protrusive, we found that the upper
lips were more retrusive to the E-plane in the
OSA group. This could be due to the reduction in
midface length. Protrusion of the upper incisors
may not be able to compensate for the reduction
in midface length.

In OSA patients, the hyoid bone was more in-
feriorly placed. This finding was consistent with
those of previous investigations.'18222427 Deter-
mining the position of the hyoid bone is important
because of its relationship with tongue position.
Lower position of the hyoid causes more of the
tongue mass to be concentrated in the hypopha-
ryngeal area and may therefore be a poor prog-
nostic indicator for the successful use of mandib-
ular advancement splints.'®2827 Arya et al® stated

that the hyoid bone plays an important role in
maintaining the upper airway dimensions. Lower
position of the hyoid with a lower tongue posture
may increase the mandibular load because of the
requirement of extra energy to elevate the tongue;
this, in turn, may aggravate apnea by resulting in
the open-mouth posture during sleep.®*®

In the present study, the airways tended to be
smaller in the OSA patients than in the control
group; however, this difference was insignificant
in the upper and lower airway spaces. Enciso et
al¥! found significantly smaller lateral dimension
in OSA patients, however they found no signifi-
cant differences in mean airway length, average
cross-sectional airway and total volume of the
airways. On the other hand another study showed
increased airway length with elliptical in shape.®
Ivanhoe et al® stated that the narrower dimen-
sions of the upper airway in OSA patients than in
normal people may be due to structural differ-
ences in the craniofacial structures that support
the airway.

Airway collapse often occurs when patients
sleep on their back and the base of the tongue
abuts the posterior pharyngeal wall and soft pal-
ate.® Elongated soft palate or excessive tissue in
the soft palate is one of the most common cause of
snoring and OSA.3 In the present study, we found
no significant differences in soft palate length be-
tween the OSA and control groups. This finding
was consistent with those of other studies.>?4253%
However, in some studies, soft palate length was
significantly shorter in the OSA patients than in
the controls.’™2 |n our study, soft palate thickness
showed no significant difference between the 0SA
patients and controls. In contrast, Battagel et al'®
showed a significant increase in soft palate thick-
ness in OSA patients.

On the basis of these results, the null hypothe-
sis was rejected. Significant differences existed in
the craniofacial morphology of patients with OSA
and the healthy population.

CONCLUSIONS

Significant differences existed in the cranio-
facial morphology of patients with OSA and the
healthy population.

OSA patients showed reduced midface length
and inferiorly placed hyoid bone and tended to
have smaller airway dimensions.
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Positional relationships of the maxilla and
mandible to the cranial base and to each other are
similar between the OSA patients and healthy sub-
jects.
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