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Craniofacial differences according
to AHI scores of children with obstructive
sleep apnoea syndrome: cephalometric

study in 39 patients

Abstract Background: Cephalom-
etry is useful as a screening test for
anatomical abnormalities in patients
with obstructive sleep apnoea syn-
drome (OSAS). Objective: To
evaluate comprehensively the ceph-
alo metric features of children with
OSAS, with or without adenoton-
sillar hypertrophy, and to elucidate
the relationship between cephalo-
metric variables and apnoea-hyp-
opnoea index (AHI) severity.
Materials and methods: The study
population consisted of 39 children,
aged 4-12 years, with OSAS.
Cephalometry was analysed using
11 measurements of the bony
structures, their relationships and
the size of the airways. Additionally,
adenoid and tonsillar hypertrophy
were graded. Results: Cranial base
angles (BaSN and BaSPNS) were
found to correlate with increasing
levels of AHI scores (P <0.001).
Protrusion of the maxilla (SNA)
and mandible (SNB) did not corre-
late with AHI scores (P> 0.05). The
length of the mandibular plane
(GnGo) and the minimal posterior

Introduction

Obstructive sleep apnoea syndrome (OSAS) is a fre-
quent, albeit underdiagnosed problem in children. It is a
serious and potentially life-threatening disorder that is
far more common than generally believed. If left un-

airway space (MPAS) were inversely
correlated with AHI scores
(P<0.001). There was positive cor-
relation between MPAS and GnGo
(r=0.740, P<0.001), and negative
correlation between MPAS and go-
nial angle (ArGoGn) (r=-0.541,

P <0.001). There was significant
correlation between cephalometric
data and adenotonsillar hyper-
trophy concerning BaSN, BaSPNS,
ArGoGn, GnGoH, BaN-GnGo,
MPAS, GnGO and MPH
(P<0.001). Conclusions: There is
significant correlation between
cephalometric data and AHI score
severity in children with OSAS.
Adenotonsillar hypertrophy affects
the cephalometric measurements
adversely. The study clearly man-
dates the institution of early and
effective therapy of adenotonsillar
hypertrophy in children with OSAS.

Keywords Skull - Radiography -
Cephalometry - Obstructive sleep
apnoea syndrome - Apnoea-
hypopnoea index - Adenotonsillar
hypertrophy - Child

treated, OSAS may lead to substantial morbidity
affecting multiple target organs and systems. The

immediate consequences of OSAS in children include
behavioural disturbance and learning deficits, pulmo-
nary hypertension and compromised somatic growth [1].
However, if not treated promptly and early in the course
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of the disease, OSAS may also impose long-term adverse
effects on neurocognitive and cardiovascular function [2,
3]. Craniofacial anatomic risk factors are said to play a
role in OSAS, together with the mechanism of upper
airway compliance and muscle function [4, 5, 6]. Ceph-
alometry is useful as a screening test for anatomical
abnormalities in patients having OSAS [5, 7]. Many
studies have used cephalometric analysis to assess the
craniofacial morphological features of children and
adults with OSAS [8, 9, 10, 11, 12], but the apnoea-
hypopnoea index (AHI) severity and cephalometric
findings in children have not been previously compared.
In this study the aim was to evaluate comprehensively
the cephalometric features of children with suspected
OSAS, with or without adenotonsillar hypertrophy, and
to elucidate the relationship between cephalometric
variables and AHI severity.

Materials and methods

Study population

This study was carried out on 39 children with suspected OSAS,
ranging in age from 4 to 12 years (mean +SD, 7.5+1.7 years).
There were 18 boys and 21 girls. Patients with a history of previous
treatment of OSAS (including tonsillectomy and adenoidectomy),
personal or family history of neuromuscular disorder or craniofa-
cial syndrome, chronic lung disease or those who were referred for
titration of continuous positive airway pressure therapy attribut-
able to sleep-disordered breathing therapy were excluded. All
patients underwent cephalometric and polysomnographic (PSG)
examinations. Informed written consent was obtained from all
patients.

Cephalometric analysis

A lateral projection of the skull was obtained using a tele Diagnost
radiographic machine (Philips Medical Systems, The Netherlands).
A cephalostat was used to keep the subject’s head in a position such
that the Frankfort horizontal line was parallel to the floor during
exposure. A total of 11 angular (degrees) or linear (millimetres)
variables related to both craniofacial skeletal and soft-tissue mor-
phology were measured by a single observer in a single-blind
manner. Every measurement was performed three times by the
same observer, who did not know the clinical status of the patient,
and the mean value of the two most proximate measurements was
used for the statistical analyses to ensure reliability. The method
consisted of recognising the landmarks by visual analysis and
digitising the measurements of angles and distances using computer
software. To allow correction for projection enlargement of the
linear measurements, the radiographs were taken with a 21-mm,
round, steel median calibration marker in place. The cephalometric
landmarks, angles and linear measurements are defined in Table 1.
Adenoid and tonsillar hypertrophy were graded according to Mi-
chal et al. [13]. Adenoid hypertrophy was graded using nasendos-
copy as follows: grade 1, adenoid obstructing 1-25% of the
choana; grade 2, adenoid obstructing 25-50% of the choana; grade
3, adenoid obstructing 50-75% of the choana; grade 4, adenoid
obstructing 75-100% of the choana. Tonsillar hypertrophy was
graded as follows: grade 1, tonsils are in the tonsillar pillar; grade 2,
tonsils are protruding out of the tonsillar pillar; grade 3, tonsils

Table 1 Definitions of cephalometric landmarks, angles and linear
measurements

Definitions of cephalometric landmarks

S Sella: midpoint of the fossa hypophysealis

N Nasion: anterior point at the frontonasal suture

ANS Anterior nasal spine: most anterior point of the
nasal spine

PNS Posterior nasal spine: most posterior point of the
nasal spine

A Deepest anterior point in the concavity of the
anterior maxilla

Ar Posterior ramus plane: the intersection of a line

along the posterior
border of the mandible and the inferior border
of the basilar occipital bone

B Deepest anterior point in the concavity of the
anterior mandible
Go Gonion: a mid-plane point at the gonial angle

located by bisecting the posterior and inferior
borders of the mandible

Gn Gnathion: the most inferior point in the contour
of the chin

Ba Basion: most posteroinferior point on the clivus

H Most anterosuperior point of the hyoid bone

Definitions of cephalometric angles

ArGoGn Angle formed by line connecting the articulate,
gonion and gnathion

BaSN Cranial base flexure: angle formed by intersection
of lines drawn from the nasion to the sella and
from the sella to the basion

BaSPNS Angle formed by the line connecting the basion,
sella, and posterior nasal spine

GnGoH Hyoid angle: angle formed by line connecting the
gnathion, gonion, and hyoid

SNA Angle from sella to the nasion to the subspinal
point

SNB Angle from sella to the nasion to the supramental
point

ANB Angle from the subspinal point to the nasion to
the supramental point

BaN-GnGo Angle formed by the basal plane and the line
connecting the gnathion and gonion

Definitions of cephalometric linear measurement

MPAS Retrolingual posterior air space: the minimal
distance (in millimetres) between the base
of the tongue and nearest point on the posterior
pharyngeal wall

MPH The distance between the mandibular plane
and hyoid

GnGO The length of the mandibular plane

reaching midpoint between anterior tonsillar pillar and uvula;
grade 4, tonsils reach the uvula. Adenoid and tonsillar hypertrophy
of grades 3 and 4 were considered pathological.

Sleep study

Full PSG can be successfully performed in infants and
children of any age provided appropriate equipment and
well-trained staff are available. Paediatric studies must
be scored and interpreted using age-appropriate criteria.
The American Thoracic Society has published a con-
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sensus statement outlining the requirements for paedi-
atric PSG, some of which are described below [14]. All
patients underwent full overnight PSG 1 h before their
usual bedtime. Sixteen parameters were recorded. Six
EEG leads (bilateral frontal, central, and occipital),
bilateral electro-oculographic leads, and submental
electromyographic leads were applied. These surface
leads were used to measure the stages of sleep, including
time spent in rapid eye movement (REM) sleep. Motion
of the chest wall and abdomen were measured by
respiratory inductance plethysmography. Airflow from
the nose and mouth was measured with thermocouples.
Oxyhaemoglobin saturation was measured by pulse
oximetry. Body motion was recorded with pretibial
electromyographic leads. Cardiac rhythm was moni-
tored with standard ECG leads.

In the present study, obstructive apnoea was defined
as cessation of airflow for at least 10 s with paradoxical
respiratory effort. Hypopnoea was defined as a reduc-
tion in airflow with synchronous chest wall and
abdominal motion, resulting in either arousal or
oxyhaemoglobin desaturation of at least 4%. Central
apnoea was defined as a 10-s period without airflow or
respiratory effort. The type, number and duration of
respiratory events were noted, as well as the median and
minimum oxyhaemoglobin saturation. Apnoea index
(AI) was calculated as the average number of apnoeic
episodes per hour of sleep. The AHI is defined as the
average number of apnoeic plus hypopnoeic episodes
per hour of sleep. In this study, OSAS was defined as the
presence of clinical symptoms (habitual snoring, apnoea,
etc.) and Al or AHI >1.

Statistical analysis

Results were evaluated using SPSS 11.0 statistical pro-
gram (SPSS Inc., Chicago, Ill., USA). Correlation
coefficients were determined by the Pearson method for
the associations between the cephalometric variables
and degree of AHI score severity. The Pearson correla-
tion method was also used to test the relationships of the
craniofacial variables with age, BMI, gender and the
adenotonsillar hypertrophy. The values are given as
mean +standard deviation (SD), unless otherwise
stated.

Results

Demographic characteristics of patients with OSAS are
given in Table 2. Table 3 shows mean values of cepha-
lometric measurements of the patients. The cephalo-
metric landmarks, angles and linear measurements are
given in Figs. 1, 2.

Table 2 Demographic characteristics of the patients

Demographic features Descriptive values

Mean +SD
Age range 7.5+1.7 years
4-12
BMI 18.4+3.5
Range 13-30
Gender
Boys 21
Girls 18
AHI 5+5.1
Range 1-27
Mean saturation 96.4 + 1.5
Range 93-98
Lowest saturation 88.4 + 3.1
Range 77-93

Table 3 Cephalometric data of the all patients

Cephalometric data Descriptive values

Mean +SD
BaSN 126.5+£2.6
Range 122-132
BaSPNS 56.3+£2.0
Range 53-60
ArGoGn 131+34
Range 125-138
GnGoH 25.5+2.7
Range 22-33
SNA 79.7+£1.2
Range 78-82
SNB 74.7+1.4
Range 73-78
ANB 5.2+0.7
Range 3.7-7.0
BaN-GnGo 57.6+2.1
Range 54-62.4
MPAS 11.9+1.8
Range 8.9-14.3
GnGO 64.4+29
Range 57-69
MPH 13.6+1.1
Range 11.7-16.7

Correlations between AHI and cephalometric
measurements

Correlations between AHI scores and individual ceph-
alometric measurements are given in Table 4. Decreas-
ing cranial base angles (BaSN and BaSPNS) were found
to correlate with increasing levels of AHI scores
(P<0.001). Increased gonial angle (ArGoGn) and hyoid
angle (GnGoH) were associated with higher AHI scores
(P<0.001). Protrusion of the maxilla (SNA) and
mandible (SNB) did not correlate with AHI scores
(P>0.05). There was also no correlation between SNB
angle and length of the mandibular plane (GnGo)
(P>0.05). GnGo and the minimal posterior airway
space (MPAS) were inversely correlated with AHI scores
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Fig. 1 The demonstration of cephalometric landmarks and linear
measurements

Fig. 2 The demonstration of cephalometric landmarks and angles

(P<0.001). There was positive correlation between
MPAS and GnGo (P <0.001), and negative correlation
between MPAS and ArGoGn (P <0.001).

The effects of confounding factors such as age, BMI
and gender were investigated on cephalometric mea-
surements. There were no correlations between these
factors and cephalometric measurements (P> 0.05).

Correlation between AHI scores and adenoid
hypertrophy

There was a significant correlation between AHI scores
and adenoid hypertrophy (r=0.780, P <0.001).

Correlation between cephalometric data and adenoid
hypertrophy

Correlation of cephalometric data and adenoid hyper-
trophy severity is given in Table 5. There were signifi-
cant correlations between cephalometric data and
adenoid hypertrophy concerning BaSN, BaSPNS, Ar-
GoGn, GnGoH, BaN-GnGo, MPAS, GnGO and MPH
(P<0.001). It was also found that ANB angle was sig-
nificantly correlated with adenoid hypertrophy
(P <0.05). When the effect of tonsillar hypertrophy se-
verity was investigated on cephalometric measurements,
there were statistically important correlations for BaSN
(P<0.001), BaSPNS (P<0.001), ArGoGn (P <0.05),
GnGoH (P<0.001), BaN-GnGo (P<0.001), MPAS
(P<0.001), GnGO (P<0.001) and MPH (P<0.001).
No correlation was found between SNA, SNB, ANB
angles and tonsillar hypertrophy severity (P >0.05).
Interrelationships among the craniofacial variables
are given in Table 6. There were strong interrelations
between cranial base parameters, the length of the
mandibular plane, the minimal posterior airway space
and gonial angle and maxillary and mandibulary pro-

Table 5 Correlation of cephalometric data and adenoid hyper-
trophy (AH) severity

Table 4 Correlation between cephalometric data and AHI scores  Cephalometric AH severity

Cephalometric measurements AHI (r) P value Measurement (r) P value

BaSN —0.671 P<0.001 BaSN —0.801 P<0.001
BaSPNS —-0.619 P<0.001 BaSPNS —0.700 P <0.001
ArGoGn —-0.587 P<0.001  ArGoGn 0.625 P <0.001
GnGoH 0.837 P<0.001 GnGoH 0.798 P <0.001
SNA 0.144 P>0.05 SNA 0.119 P>0.05

SNB 0.015 P>0.05 SNB -0.104 P>0.05

ANB 0.110 P>0.05 ANB 0.314 P>0.05

BaN-GnGo 0.730 P<0.001 BaN-GnGo 0.765 P<0.001
MPAS —0.772 P<0.001 MPAS -0.816 P <0.001
GnGO -0.813 P<0.001 GnGO —0.764 P<0.001
MPH 0.820 P<0.001 MPH 0.784 P <0.001
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Table 6 Interrelationships

among the craniofacial Age BaSN  BaSPNS ArGoGn GnGoH SNA SNB ANB MPAS GnGo
variables by Pearson
correlation BaSN NS

BaSPNS NS <0.001

ArGoGn NS <0.001 <0.001

GnGoH NS <0.001 <0.001 <0.001

SNA NS NS NS NS NS

SNB NS NS NS NS NS <0.001

ANB NS NS NS NS NS NS NS

MPAS NS <0.001 <0.001 <0.001 <0.001 NS NS NS

GnGo NS <0.001 <0.001 <0.001 <0.001 NS NS NS <0.001

MPH NS <0.001 <0.001 <0.001 <0.001 NS NS NS <0.001 <0.001

trusion parameters. It was found that MPAS had a
statistically significant correlation with ArGoGn and
GnGo (P<0.001).

Discussion

OSAS is a breathing disorder during sleep characterized
by prolonged partial upper airway obstruction and/or
intermittent complete obstruction that disrupts normal
ventilation during sleep and normal patterns. The
prevalence of childhood OSAS is difficult to estimate,
largely because published studies use different PSG cri-
teria for its ascertainment. Reports range from 0.7 to
10.3% [14]. The mechanisms responsible for upper-air-
way obstruction in children with OSAS are highly
complicated and as yet not fully understood. OSAS in
children is a dynamic process resulting from a combi-
nation of structural and neuromotor abnormalities, ra-
ther than from structural abnormalities alone. Certain
forms of craniofacial anatomical defects, including
mandibular deficiency, tongue and soft palate enlarge-
ment, and inferior displacement of the hyoid bone, have
been suggested as predisposing factors for upper-airway
obstruction during sleep [2, 15, 16, 17, 18, 19, 20].
Cephalometric analysis has been used to characterize
skeletal and soft tissue relationships in children [8, 9, 10,
11, 12]. Cephalometry can provide extensive data on the
landmarks pertinent to the upper airways. In the liter-
ature, many cephalometric studies have been done to
study the craniofacial architecture of children with
OSAS [4, 7]. However, correlative data between cepha-
lometric parameters and AHI scores are sparse. In this
study of children with OSAS, increased AHI scores were
found to correlate with the following craniofacial dif-
ferences demonstrated by cephalometry: skull-base an-
gles (BaSN and BaSPNS), GnGo and ArGoGn, hyoid
position as given by MPH and GnGoH, and MPAS at
the level of the tongue base.

Cranial base components (BaSN and BaSPNS) are
considered to be of primary importance in facial equi-
librium [11] and do not change greatly from childhood
to adulthood [21]. Excessive flexure or relatively acute
angulation of the skull base refers to a decreased BaSN

measurement. We found that nearly all the reductions of
the BaSN in patients with severe obstructions were
caused by reduction of the BaSPNS, which defines the
bony limits of the nasopharyngeal space. Bacon et al.
[11] noted a similar reduction of BaSPNS in adults with
obstructive sleep apnoea. They found that the reduction
in BaSPNS was associated with decreased sagittal facial
length, which they interpreted as facial and pharyngeal
compression. Thus it appears that acute angulation of
the skull base is associated with posterior displacement
of the facial skeleton and shortening of the AP dimen-
sions of the pharynx [11, 22]. In addition, excessive
cranial-base flexure may play a role in the development
of OSAS.

The position in the sagittal direction of the maxilla
and mandible is established by using the SNA and SNB
angles [7]. Decreased SNA is associated with retroposi-
tion of the maxilla. Our SNA measurement was com-
parable with the published literature [4, 23]. However,
we did not find any significant correlation between SNA
angle and AHI scores in the present study.

Retroposition of the mandible, indicating future
vertical growth, is also important and is usually assessed
by the SNB angle. Hochban and Brandenburg [24]
studied 400 patients with OSAS and found that retro-
position of mandible was associated with reduced ret-
robasilingual space. Retroposition of the mandible was
also associated with a shorter corpus (GnGo length).
Only this measurement was considered potentially
abnormal in the patients with OSAS in the meta-analysis
by Miles et al. [25] Although SNB angle in our study was
comparable with the literature [4], we found no signifi-
cant correlation between AHI scores and SNB mea-
surements. This might be due to interdependence
between BaSN and these measures of maxillary and
mandibular protrusion [4].

MPAS is another important measurement in the
evaluation of patients with OSAS. We found that MPAS
had a statistically significant correlation with ArGoGn
and GnGo (Table 6). In children with a more obtuse
ArGoGn and shorter GnGo, AHI scores tended to be
more pronounced. ArGoGn and GnGo measurements
were compatible with published data [5]. Since the gen-
ioglossus muscle has its origin at the internal surface of
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the anterior mandible, both shortening of the GnGo and
an increase in the ArGoGn result in relative retrodis-
placement of the tongue (as in our study). Furthermore,
these mandibular changes result in reduced protrusor
mechanical efficiency of the genioglossus muscle, which
could contribute to posterior airway obstruction, as the
muscle tone is diminished during sleep [26, 27]. In the
present study, we found inverse correlation between
MPAS and ArGoGn. On the other hand, there was
positive correlation between MPAS and GnGo. These
correlations were also in agreement with previous stud-
ies [4, 27].

Caudal placement of the hyoid bone has repeatedly
been shown to correlate with OSAS in children [8], and
this was confirmed in our study; MPH distance and
GnGoH angle were positively correlated with increased
AHI scores. The overall effects of caudal hyoid place-
ment include narrowing of the MPAS and decreased
mechanical efficiency of the genioglossus muscle pro-
trusor action causing OSAS.

Many causes have been found to lead to OSAS, but
adenotonsillar hypertophy remains the most common
[13, 28]. Correlation of OSAS severity with adenoton-
sillar size remains to be established. A lack of correlation
between adenoid size and severity of apnoea has also
been documented [29]. In contrast, Jain and Sahni [28]
reported a correlation between increased adenoid size
and AHI scores, whereas a correlation between tonsillar
hypertrophy and AHI scores was not observed. They
calculated the adenotonsillar size in millimeters and
graded tonsillar size according to a four-level scale. We
graded adenoid hypertrophy with regard to choanal
obstruction using nasendoscopy. We found significant
correlation between adenoid and tonsillar severity
grades and AHI scores. Shintani et al. [30] compared
cephalometric results in children with OSAS and in age-
matched controls. They found decreased angles of SNA
and SNB in children with adenotonsillar hypertrophy.
We did not find a correlation between SNA and SNB
angles and adenotonsillar hypertrophy.

Children with adenoidal hypertrophy have nasal
obstruction with consequent chronic mouth breathing
[4]. Adverse developmental effects of chronic mouth
breathing include increased height of the nasomaxillary
complex, obtuse ArGoGn, and secondary caudal shift-
ing of the hyoid, as has been shown in adults [31]. In
addition, we have shown that both adenoid and tonsillar
hypertrophy severity were positively correlated with
ArGoGn, GnGoH, BaN-GnGo, and MPH. Adenoid
and tonsillar hypertrophy severity was negatively cor-
related with BaSN, BaSPNS, MPAS and GnGo. These
results were in agreement with previous studies [31, 32].
Additionally, these results suggest that children who are
chronic mouth breathers owing to adenoid hypertrophy
develop secondary changes in craniofacial morphologic
characteristics that predispose them to adulthood
OSAS. Therefore, it is well documented that adenoid-
ectomy is effective in relieving snoring in children as it
relieves nasopharyngeal obstruction. However, excessive
flexure of the cranial base is a risk factor for incomplete
clinical response to adenoidectomy [33]. Because exces-
sive cranial base flexure may play a role in the devel-
opment of OSAS the decrease in operating length of the
pharyngeal dilator muscles compromises their efficiency
[12, 33]. Guilleminault et al. [33] suggested that main-
taining nasal breathing during childhood is important
for preventing alterations of the facial skeleton. There-
fore, we suggest that nasal obstruction of long duration
must be avoided throughout the growing process. Per-
sistent nasal obstruction should be corrected surgically
early in life, even if, in most cases, the original cause will
resolve spontaneously.

In conclustion, the present study shows that there is
considerable correlation between cephalometric data
and AHI score severity in children with OSAS. Adeno-
tonsillar hypertrophy affects the cephalometric mea-
surements  adversely. The currently available
information clearly mandates the institution of early and
effective therapy for adenotonsillar hypertrophy in
children with OSAS.
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