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A Comparison Study of Upper Airway among
Different Skeletal Craniofacial Patterns in Nonsnoring Chinese Children
Zhe Zhonga; Zhihui Tangb; Xuemei Gaoc; Xiang-Long Zengc
ABSTRACT
Objective: Patients with OSAS (obstructive sleep apnea syndrome) demonstrate decreased upper
airway dimension and craniofacial skeletal abnormalities. The study was performed to analyze
whether upper airway dimensions differed among Chinese nonsnoring children of different sagittal
and vertical skeletal facial morphologies.
Materials and Methods: Lateral cephalometric records were used to measure the dimensions of
the upper airway. Two groups of subjects were studied. A group of subjects with a normodivergent
facial pattern (n 5 190; FH-MP angle between 23.5u and 30.5u) was divided into three subgroups
according to ANB angle (Class I, II, or III). A second group of subjects with a normal sagittal facial
pattern (n 5 180; ANB angle between 0.7u and 4.7u) was divided into three subgroups according to
the FH-MP angle (low angle, normal angle, or high angle). All subgroups were matched for age and
sex.
Results: In the group of subjects with a normodivergent facial pattern, a significant tendency for
reduced upper airway dimension in the inferior part (palatopharyngeal and hypopharynx) was
found in the Class III, Class I, and Class II subgroups, in that order. In the group of subjects with a
normal sagittal facial pattern, the superior part of the airway (nasopharyngeal and palatopharyngeal) decreased with increasing mandibular plane angle.
Conclusion: The sagittal and vertical skeletal patterns may be contributory factors for the variation
of the inferior and superior part of the upper airway, respectively. Skeletal deficiency of nonsnoring
Chinese children may predispose them to upper airway obstruction. (Angle Orthod. 2010;80:267–
274.)
KEY WORDS: Nonsnoring children; Lateral cephalometry; Inferior part of upper airway; Superior
part of upper airway; Sagittal skeletal facial morphology; Vertical skeletal facial morphology

studies of different samples have shown an association between craniofacial skeletal morphology and
upper airway dimension in OSA patients.1–4 The
conclusions noted variables that may affect airway
size or ventilation. These included mandibular deficiency, bimaxillary retrusion, steep occlusal plane,
increased mandibular plane angle, and a more
caudally positioned hyoid bone.5–8
According to the close relationship between the
pharyngeal structures and dentofacial structures in
OSA patients, a mutual association is expected to exist
between the pharyngeal structures and the dentofacial
pattern in the common population. Mergen and
Jacobs9 reported that the midsagittal nasopharyngeal
area and the nasopharyngeal depth are significantly
larger in subjects with normal occlusion than in those
with Class II malocclusion. Solow et al10 presumed that
airway adequacy was related to the size and position
of the mandible rather than maxillary variables. Ceylan
and Oktay11 demonstrated that the pharyngeal struc-
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tures were not affected by changes in the ANB angle.
De Freitas et al12 reported that malocclusion type did
not influence upper pharyngeal airway width; however,
Class II and Class III patients with vertical growth
patterns had significantly narrower upper pharyngeal
airways than those with a normal growth pattern.
The present study sought to assess the effect of
craniofacial morphology on the upper airway dimension with a sufficient sample size and to control for
interactions between sagittal and vertical patterns. In
addition, few studies of Chinese subjects have been
reported to date.13,14 Because cephalometry is a useful
and inexpensive clinical tool to evaluate Chinese
patients with OSA,15 we chose it for the measurement
of Chinese nonsnoring children. The aim of the present
study was to investigate whether the upper airway
dimensions of Chinese nonsnoring children were
affected by sagittal and vertical skeletal variables,
respectively.
MATERIALS AND METHODS
The sample for this study was taken from the
Department of Orthodontics, School and Hospital of
Stomatology, Peking University, China. A total of 370
subjects, ages 11 to 16 years, was selected. All
subjects were informed of the research content, and a
consent form was signed by each child’s parents. The
study did not proceed without the approval of both the
institutional review board and the participants’ parents.
No subjects had a history of previous orthodontic/
orthopedic treatment or any palatal/lip cleft symptom.
The parents were questioned about their children’s
medical history to exclude any children with chronic
mouth breathing, permanent snoring, and tonsillectomy or adenoidectomy. Subjects with obvious hyperplasia of tonsils and adenoids on cephalometric films
were excluded from further analysis.
The subjects were divided into two groups: a
normodivergent facial pattern group and a normal
sagittal facial pattern group. The selection criteria for
the normodivergent facial pattern group were FH-MP
between 23.5u and 30.5u (mean 26.6u). This group was
divided into three subgroups according to the ANB
angle.
Subgroup 1: Class III, ie, ANB angle smaller than
0.7u (54 subjects)
Subgroup 2: Class I, ie, ANB angle between 0.7u
and 4.7u (82 subjects)
Subgroup 3: Class II, ie, ANB angle larger than 4.7u
(54 subjects)
The selection criteria for the normal sagittal facial
pattern group were ANB angle between 0.7u and 4.7u
(mean 2.9u). This group was divided into three
subgroups according to the FH-MP angle:
Angle Orthodontist, Vol 80, No 2, 2010

Figure 1. Cephalometric landmarks.

Subgroup 1: Low angle, ie, FH-MP angle smaller
than 23.5u (51 subjects)
Subgroup 2: Normal angle, ie, FH-MP angle
between 23.5u and 30.5u (82 subjects)
Subgroup 3: High angle, ie, FH-MP angle larger than
30.5u (47 subjects)
Lateral cephalometric radiographs were exposed
with the patients seated in an upright position with
Frankfort horizontal plane paralleled to the floor.
Patients were instructed to breathe at ease with the
teeth in centric occlusion. The radiographs were
obtained with a UNTPANOCP-80 cephalometer with
a linear magnification of 11%. All the films were
digitized with a MICROTEK ScanMaker4 scanner and
Photoshop 9.0 CS software. The cephalometric
landmarks and analysis were based on the methods
described previously by Lowe et al,16 Tangugsorn et
al,17 and Liu et al.18 The landmarks and measurements
identified in this study with OPAIM software are
outlined in Figures 1 and 2 and Table 1. One operator
measured 10 films twice 1 week apart to determine
repeatability of the measurements, and intraclass
correlation coefficients were calculated.
Statistical procedures were performed on the recorded data using SPSS 11.0 software. One-way
analysis of variance (ANOVA) and least significant
difference (LSD) test for cephalometric comparison
were performed among the subgroups.

269

UPPER AIRWAY AMONG DIFFERENT CRANIOFACIAL PATTERNS

Table 1. Cephalometric Landmarks and Measurements Used in
Figures 1 and 2
Variable

Definition

Landmarks
Hor
R
Ba
Ad1
SPPW

SPP

U
MPW
TPPW
TB
V
Figure 2. Cephalometric measurements.

To control distribution of sex and age in balance and
to eliminate the interaction between the sagittal and
vertical skeletal patterns among the three subgroups,
the following analyses were performed for both the
normodivergent facial pattern group and the normal
sagittal facial pattern group. A chi-square test was
performed to examine the sex distribution in each
subgroup of the normodivergent facial pattern group.
No significant difference was detected (Table 2). Age
distribution was compared among the three subgroups
(Table 3), and no statistical difference was observed.
For the normal sagittal facial pattern group, the same
analyses were performed. No significant differences
with regard to sex or age distribution were detected
(Tables 4 and 5).
RESULTS
Intraclass correlation coefficients for the two separate measurements on the cephalometric radiographs
ranged between 0.885 and 0.997 (Table 6).
Part A: Normodivergent Facial Pattern Group
There was no significant difference in the nasopharynx as measured from the PNS-R to SPP-SPPW
levels among the subgroups of normodivergent facial
pattern subjects (one-way ANOVA). The sagittal
dimension of the inferior part of the upper airway
(palatopharyngeal and hypopharynx) decreased from

LPW

Most inferior point of spheno-occipital
synchondrosis
Point of intersection of line from Hor to PNS
and posterior pharyngeal wall
Lowermost point on anterior margin of
foramen magnum
Point of intersection of posterior pharyngeal
wall and line Ptm-Ba
Point of intersection of line from soft palate
center perpendicular to posterior pharyngeal wall and posterior pharyngeal wall
Point of intersection of line from soft palate
center perpendicular to posterior
pharyngeal wall and posterior margin of
soft palate
The tip of the uvula
Foot point of perpendicular line from point U
to posterior pharyngeal wall
Point of intersection of posterior pharyngeal
wall and extension of line B-Go
Point of intersection of base of the tongue
and extension of line B-Go
The most posteroinferior point on the base of
the tongue
Foot point of perpendicular line from point V
to posterior pharyngeal wall

Upper airway (mm)
PNS-Ba
PNS-R
PNS-Ad1
SPP-SPPW
U-MPW
TB-TPPW
U-MPW
TB-TPPW
V-LPW

Distance
Distance
Distance
Distance
Distance
Distance
Distance
Distance
Distance

between
between
between
between
between
between
between
between
between

PNS and Ba
PNS and R
PNS and Ad1
SPP and SPPW
U and MPW
TB and TPPW
U and MPW
TB and TPPW
V and LPW

Craniomaxillary complex
S-N (mm)
ANS-PNS (mm)
PNS-Ba (mm)

Distance between S and N
Distance between ANS and PNS
Distance between PNS and Ba

Mandibular size and position
Ar-Gn (mm)
Go-Gn (mm)
FH plane
NP plane
FH-NP (u)

Distance between Ar and Gn
Distance between Go and Gn
Plane defined by Or and Por
Plane defined by N and Pog
Angle between FH plane and NP plane

Class III to Class I to Class II, and these differences
were significant. The most significant difference
existed at the TB-TPPW level of the low oropharynx
(P , .01) (Table 7, Figure 3).
Pairwise comparisons among subgroups were done
via the LSD test (Table 8). The data demonstrated a
significant difference between Class II and Class III
subgroups at the levels of the uvula, low oropharynx,
and hypopharynx. At the level of TB-TPPW there was
Angle Orthodontist, Vol 80, No 2, 2010
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Table 2. Sex Distribution in the Subgroups of Subjects with a
Normodivergent Facial Pattern

Female
Male
Total

Class I

Class II

Class III

Total

P

41
41
82

29
25
54

29
25
54

99
91
190

. .10

Table 4. Sex Distribution in the Subgroups of Subjects with a
Normal Sagittal Facial Pattern

Female
Male
Total

a significant difference between the Class I and Class
III subgroups.
The literature suggests that there is a reduced
tendency from Class III to Class I to Class II for the
dimension of the inferior part of the upper airway, and
this may contribute to the different mandibular sizes
and positions. The LSD test was applied to the
measurements of the mandibular size and position,
and the results showed a significant difference
(Table 9).

Low
Angle

Normal
Angle

High
Angle

Total

P

25
26
51

38
44
82

24
23
47

87
93
180

. .10

Normal respiration is dependent on sufficient anatomical dimensions of the airway. In recent years,
many studies have contributed to the knowledge that
variations in the skeletal pattern could predispose
persons to upper airway obstruction. Bacon et al19

reported that lower face height was the leading factor
affecting the pharynx. Liu et al20,21 demonstrated that
OSA patients with more retrognathic mandibles
showed a significantly higher apnea index and
respiratory disturbance index. They also reported that
OSA patients showed a Class II and hypodivergent
skeletal pattern compared with a normal population. In
1999, Gao et al22 reported that nasopharyngeal size is
closely associated with OSA syndrome.
More recently, scholars have focused on assessing
the intrinsic relationship between craniofacial morphology and upper airway morphology in orthodontic
populations to predict the occurrence of OSA and to
facilitate treatment for OSA patients. Because of
inconsistencies in the conclusion of these studies, we
tried to enhance the knowledge in the field by
controlling for known factors. We expanded the sample
size and controlled the distribution of sex and age,
without significant differences among the three subgroups of each group. The influence of tonsil and
adenoid hypertrophy was also limited. The influence of
a vertical skeletal pattern was excluded in the
normodivergent group to detect the effects of a sagittal
skeletal pattern on upper airway structure and the
influence of a sagittal skeletal pattern in a group of
subjects with normal ANB angle. Therefore, the
interference of many interrelated and confounding
variables was minimized, since the selection criteria
were defined strictly.
In this study, the sagittal skeletal pattern did not
affect the dimensions of the nasopharynx in the
normodivergent facial pattern group. In agreement
with our findings, Sosa et al23 could find no clear-cut
relationship between the nasopharyngeal area and
Class I or Class II, division 1, malocclusions. Wenzel et
al24 reported no correlations between airway size and
mandibular morphology, although a significant relationship was observed between changes in nasopharyngeal airway size and maxillary prognathism. How-

Table 3. Age Distribution in the Subgroups of Subjects with a
Normodivergent Facial Pattern

Table 5. Age Distribution in the Subgroups of Subjects with a
Normal Sagittal Facial Pattern

Part B: Normal Sagittal Facial Pattern Group
A statistically significant difference was found
among the subgroups in the nasopharynx, as measured on the PNS-R and PNS-Ad1 levels and in the
palatopharyngeal area as measured on the SPPSPPW level with (one-way ANOVA). The superior part
of the upper airway dimension decreased with an
increasing FH-MP angle. However, no significant
difference could be found in the inferior part of the
upper airway, in contrast to the normodivergent group
(Table 10, Figure 4).
The LSD test for pairwise comparisons was performed to determine whether there were differences in
the superior upper airway among the subgroups
(Table 11). The data demonstrated a significant
difference, except between the normal-angle and
high-angle subgroups.
We tested for significant differences in the size of the
craniomaxillary complex among the subgroups. There
were significant differences in S-N, ANS-PNS, and
PNS-Ba (Table 12).
DISCUSSION

Class I
Class II
Class III

N

Mean

SD

P

82
54
54

13.1
12.9
13.0

1.30
1.27
1.61

. .10
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Low angle
Normal angle
High angle

N

Mean

SD

P

51
82
47

13.3
12.9
13.0

1.51
1.26
1.53

. .10
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Table 6. Intraclass Correlation Coefficients of Cephalometric
Measurements

PNS-R
PNS-Ad1
McNamara line
SPP-SPPW
U-MPW
TB-TPPW
V-LPW

No. of
Cases

No. of
Items

Intraclass
Correlation

10
10
10
10
10
10
10

2
2
2
2
2
2
2

0.960
0.986
0.993
0.993
0.885
0.997
0.981

P
,
,
,
,
,
,
,

.01**
.01**
.01**
.01**
.01**
.01**
.01**

ever, Kerr25 reported that Class II malocclusion
subjects showed smaller nasopharyngeal dimensions
compared with Class I and normal occlusion subjects.
However, in his study, control of vertical skeletal
pattern was not emphasized.
With respect to the inferior part of the upper airway,
the results of this study seemed to suggest that the
dimension of the oropharynx decreased markedly,
from Class III to Class I to Class II subgroups, in the
normodivergent facial pattern group. A significant
difference was found between the Class II and Class
III subgroups at all levels, from U-MPW to V-LPW. At
the level of TB-TPPW, a significant difference existed
between the Class I and Class III subgroups. However,
no significant differences were found between the
Class I and Class II subgroups for all the levels
checked. Ceylan and Oktay11 claimed that the pharyngeal structures were not affected by the ANB angle,
although they found a significant difference in the
oropharyngeal area between Class I and Class III, as
well as between Class II and Class III. Also, no vertical
role could be found in his study. Most recently, Freitas
Table 7. Cephalometric Comparison of Normodivergent
Subgroupsa
Measurement
PNS-R

PNS-Ad1

SPP-SPPW

U-MPW

TB-TPPW

V-LPW

a

I
II
III
I
II
III
I
II
III
I
II
III
I
II
III
I
II
III

Mean

SD

18.6
19.2
19.02
25.5
26.3
24.7
12.6
12.6
13.8
11.2
10.6
12.3
12.6
11.7
14.3
17.3
16.1
17.9

3.43
3.40
3.25
4.14
3.72
3.63
3.25
3.06
3.01
3.62
3.03
3.29
4.36
3.73
4.03
3.63
3.18
3.84

I indicates Class I; II, Class II; and III, Class III.

P
. .05

. .05

. .05

Figure 3. Cephalometric comparison of normodivergent subgroups
(Class I, Class II, and Class III).

et al12 measured the dimensions of the upper and
lower oropharynx and found no significant difference
between Class I and Class II malocclusions. Although
that study classified its sample by molar relationships,
which differed from the present classification by
skeletal pattern subgroups, the results were similar.
It seems that the sagittal skeletal pattern predisposes palatopharynx and hypopharynx obstruction as a
result of the decreased size and posterior position of
the mandible. Lam et al26 found that retroposition of the
mandible was associated with severe OSA in Chinese
subjects. Similarly, the research of Hou et al27 showed
that mandibular body length was a significant predictor
for OSA. Ang et al28 suggested that the mandible
tended to be more retrognathic in their moderate to
severe sample of OSA patients. When we detected a
difference in mandible size and position among the
subgroups, the same significant reduced tendency
was seen with the dimension of the inferior part of the
upper airway, from the Class III to the Class I to the
Class II subgroups.
The pharyngeal cephalometric analysis in this study
revealed significant dimensional differences in the
superior part of the upper airway among hypodivergent, normodivergent, and hyperdivergent subgroups
of normal sagittal facial pattern subjects. Dimensions
at the PNS-R and PNS-Ad1 levels in the nasopharynx
Table 8. Multiple Comparison of Inferior Part of Upper Airway with
LSD Test in the Normodivergent Subgroups
Measurement

, .05*

U-MPW

, .01**

TB-TPPW

, .05*

V-LPW

a

Subgroupsa

Mean

I-II
I-III
II-III
I-II
I-III
II-III
I-II
I-III
II-III

0.60
21.08
1.68
0.86
21.78
2.64
1.19
20.602
1.80

P
.
.
,
.
,
,
.
.
,

.05
.05
.05*
.05
.05*
.01**
.05
.05
.01**

I indicates Class I; II, Class II; and III, Class III.
Angle Orthodontist, Vol 80, No 2, 2010
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Table 9. Cephalometric Comparison of Mandible Size and Position
in the Normodivergent Subgroups
Measurement
Ar-Gn

I-II
I-III
II-III
I-II
I-III
II-III
I-II
I-III
II-III

Go-Gn

FH-NP

a

Subgroupsa

P

Mean
3.15
25.87
29.02
2.66
23.86
26.51
1.365
22.616
23.982

,
,
,
,
,
,
,
,
,

.01**
.01**
.01**
.01**
.01**
.01**
.05
.01**
.01**
Figure 4. Histogram plots of cephalometric comparison of normal
sagittal subgroups (low-angle, normal-angle, and high-angle).

I indicates Class I; II, Class II; and III, Class III.

decreased with an increasing Frankfort mandibular
plane angle. So did the dimension at SPP-SPPW in
the middle of the palatopharynx. From the U-MPW
level to the V-LPW level of the hypopharynx, no
significant dimensional difference could be found
among the subgroups. Since no significant difference
in the ANB angle distribution existed in the subgroups,
the impact of a different sagittal skeletal pattern on the
superior part of the upper airway was excluded.
The finding is in agreement with Kerr,25 who
suggested that the depth of the nasopharynx correlates with face height. Joseph et al29 also reported that
the nasopharyngeal airway in hyperdivergent individuals was significantly narrower than in normodivergent
individuals. However, they suggested that the difference occurred because of the relative bimaxillary
retrusion exhibited by the hyperdivergent group. Their
selection criteria of an experimental group included lip
incompetence of 4 mm and no medical history
regarding adenoids and tonsils; moreover, there was

Table 10.
Subgroups

Cephalometric Comparison of Normal Sagittal

Measurement
PNS-R

PNS-Ad1

SPP-SPPW

U-MPW

TB-TPPW

V-LPW

Subgroups

Mean

SD

P

Low angle
Normal angle
High angle
Low angle
Normal angle
High angle
Low angle
Normal angle
High angle
Low angle
Normal angle
High angle
Low angle
Normal angle
High angle
Low angle
Normal angle
High angle

20.1
18.7
17.9
27.6
25.4
24.2
14.3
12.6
12.1
12.1
11.1
10.8
13.3
12.6
12.4
17.9
16.8
17.3

2.90
3.21
3.48
3.48
4.02
3.99
3.60
2.64
3.16
3.62
3.12
3.15
4.69
3.64
4.20
3.91
2.68
4.07

, .01**
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no restriction of sagittal skeletal pattern in the subjects
in their study. Freitas et al12 also demonstrated that
vertical growth patterns influence the upper oropharyngeal airways but have no impact on the lower
oropharyngeal airways in Class I and Class II
malocclusion. Interestingly, our findings in the normal
sagittal group are in agreement with this.
The relationship between the superior part of the
upper airway and the vertical facial pattern may be a
result of deficient development of the craniomaxillary
complex. Hou et al27 suggested that normal-weight
OSA patients had a significantly shorter anterior
cranial base and maxillary length. Paoli et al30 had
found that patients of OSA with a body mass index
,30 had a shorter anterior floor of cranial base. In this
study, the analysis of the craniofacial skeleton demonstrated that the dimensions of S-N, ANS-PNS, and
PNS-Ba also decreased with increases in the Frankfort
mandibular plane angle. The identical tendency may
imply that the deficient development of the craniomaxillary complex caused the decrease in the superior part
of the upper airway dimensions in hyperdivergent
patients.
As a result, we suggest sagittal facial pattern as the
potential explanation for the discrepancy in the depth
of the inferior part of the upper airway as a result of

, .01**
Table 11. Multiple Comparison of Superior Part of Upper Airway
Depth with LSD Test of Normal Sagittal Subgroups
, .01**

Measurement
PNS-R

. .05
PNS-Ad1
. .05
SPP-SPPW
. .05
a

Subgroupsa

Mean

L-N
L-H
N-H
L-N
L-H
N-H
L-N
L-H
N-H

1.4
2.2
0.8
2.2
3.4
1.2
1.8
2.2
0.4

P
,
,
.
,
,
.
,
,
.

.05*
.01**
.05
.01**
.01**
.05
.01**
.01**
.05

L indicates low angle; N, normal angle; and H, high angle.
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Table 12. Cephalometric Comparison of Craniomaxillary Complex
Among Normal Sagittal Subgroups
Measurement

Subgroups

Mean

L-N
L-H
N-H
L-N
L-H
N-H
L-N
L-H
N-H

1.5
2.2
0.7
1.2
1.9
0.7
0.9
2.6
1.7

S-N

ANS-PNS

PNS-Ba

a

P
,
,
.
,
,
,
,
,
,

.01**
.01**
.05
.01**
.01**
.05*
.01**
.01**
.01**

L indicates low angle; N, normal angle; and H, high angle.

mandibular size and position. A vertical facial pattern
was responsible for the deficiency in depth of the
superior part of the upper airway because of the
craniomaxillary complex. We believe that the upper
airway obstruction of OSA patients could be traced
back to their juvenile stage, with a susceptible
craniofacial morphology as the potential mechanism.
The present study partially demonstrated that a
skeletal deficiency might predispose a person to upper
airway narrowing, which in turn might predispose the
person to obstruction in a population without permanent snoring. A longitudinal study of craniofacial
morphology as a potential pathogenic factor is
warranted in the future.
CONCLUSIONS
N The present study confirms the association between
pharyngeal structure and sagittal or vertical craniofacial skeletal pattern in nonsnoring Chinese children.
N The sagittal skeletal pattern may be a contributory
factor in variations in the inferior part of the upper
airway.
N Variations in the superior part of the upper airway
may be attributable to a vertical skeletal pattern.
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