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Study Objectives: Adenotonsillar hypertrophy is the major cause of obstructive sleep apnea (OSA) in prepubertal children, but children without enlarged 
lymphoid tissues may still suffer from OSA. This study aimed to identify other potential anatomic features associated with childhood OSA.
Methods: This prospective study took place between January 2010 and April 2014. Prepubertal children suspected to have OSA, aged 6 to 11 years, 
were recruited. They underwent anthropometric measurements, nocturnal polysomnography, tonsil size evaluation, x-ray cephalometry, and sonographic 
measurement of lateral parapharyngeal wall (LPW) thickness. Linear regression analyses were used to test for the association between anatomic 
measurements and OSA severity. Logistic regression analyses were used to identify potential anatomic markers for different cutoffs (obstructive apnea-
hypopnea index (OAHI) ≥ 1 and ≥ 5 events/h) for OSA.
Results: Forty-seven children with OSA (20 with moderate to severe disease) and 43 children for the control group were recruited. Sonographic 
measurement of LPW thickness and position of hyoid bone taken from x-ray cephalometry were risk factors associated with OSA. Linear regression analyses 
found that these two phenotypes were associated with OAHI. Multivariate models adjusted for age, sex, body mass index, z score, and tonsil size revealed 
that lower position of hyoid bone was independently associated with higher risk for OSA, whereas both lower position of hyoid bone and greater LPW 
thickness were associated with higher OAHI and also a higher risk for moderate to severe OSA.
Conclusions: Position of hyoid bone and LPW thickness are anatomical markers of childhood OSA independent of obesity and tonsil size. Screening tools 
may include cephalometry and sonographic measurement of LPW to allow better delineation of OSA risk.
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INTRODUCTION

Structural narrowing of the upper airway during sleep that 
cannot be completely compensated by action of the pharyn-
geal dilator muscles results in obstructive sleep apnea (OSA).1 
Adenotonsillar hypertrophy is one of the major causes of child-
hood OSA.2 Data from community-based epidemiologic study 
demonstrated that adenotonsillar hypertrophy, together with 
male sex and obesity, are independent risk factors for child-
hood OSA in a multivariate model.3 Adenotonsillectomy is 
considered as the first-line treatment for childhood OSA. Stud-
ies suggested that OSA severity reduces significantly after 
adenotonsillectomy,4–6 even in children with obesity.7–9 How-
ever, these studies also demonstrated that the surgical proce-
dure alone could not offer complete cure of OSA in children. A 
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substantial proportion of children were found to have residual 
OSA after the surgical intervention. A recent meta-analysis 
revealed that the success rate (defined as a postoperative ap-
nea-hypopnea index < 1 event/h) of adenotonsillectomy for 
children with and without obesity are 49% and 34%, respec-
tively.4 Therefore, it is very likely that there are other factors 
substantially contributing to the severity of childhood OSA, 
even in children without obesity.

Upper airway structures, including bony and soft-tissue 
components apparently play a very important role in the patho-
genesis of OSA. A detailed upper airway imaging should pro-
vide more accurate information on where the obstruction sites 
are; this is important for selecting the most suitable treatment 
for individual patient. For an epidemiologic point of view, 
upper airway imaging can also be a tool for identification of 

BRIEF SUMMARY
Current Knowledge/Study Rationale: The current gold standard diagnostic test of childhood obstructive sleep apnea (OSA) remains overnight 
polysomnography, which is labor intensive and may not be available in all pediatric units. Tools are being developed to provide reliable screening for 
children at risk of OSA. This study aimed to examine anatomic factors other than enlarged lymphoid tissues as predictors for OSA.
Study Impact: Position of the hyoid bone and lateral parapharyngeal wall thickness are associated with risk and severity of OSA in prepubertal 
children. Future screening tools should include these two readily obtainable markers.
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anatomic risk factors in a study population, which in turn can 
help screen for children with significant OSA for earlier treat-
ment, and in addition exclude those who are disease free.

Lateral parapharyngeal wall (LPW) thickness reflects the 
size of soft-tissue structures, namely muscles, lymphoid tissue, 
and fat in the LPW. It can be accurately measured by magnetic 
resonance imaging (MRI) of the upper airway. Sonographic 
measurement may be less accurate, but the procedure is tech-
nically less demanding and more cost effective. Furthermore, 
ultrasound-measured LPW thickness is shown to highly corre-
late (r = .78, P = .001) with measurements obtained from MRI.10 
The measurement has also been shown to be significantly asso-
ciated with OSA severity in adults.10 However, such association 
has not been investigated in the pediatric population.

This study aimed to identify potential anatomic factors 
associated with severity of OSA. X-ray cephalometry and 
sonographic measurement of LPW, together with tonsil size 
evaluation and anthropometric measurements, were used to 
explore the anatomic risk factors in a group of prepubertal chil-
dren suspected to have OSA, while controlling for the effects 
of tonsil and body size.

METHODS

Participants
This was a prospective study that took place between Janu-
ary 2010 and April 2014. Prepubertal children aged between 
6 and 11 years who attended our pediatric chest and sleep dis-
order clinic with symptoms suggestive of OSA were invited to 
participate. The exclusion criteria included previous surgical 
treatment for OSA, presence of genetic syndrome, congenital 
or acquired neuromuscular disease, obesity secondary to an un-
derlying cause, and craniofacial abnormalities. Written consent 
and verbal ascent were obtained from the parents and children/
adolescents, respectively. This study was approved by the Joint 
Chinese University of Hong Kong – New Territories East Clus-
ter Clinical Research Ethics Committee (CREC-2008.438).

Study Design
All participants underwent evaluation of clinical profile in-
cluding completion of demographic and OSA symptoms ques-
tionnaire, anthropometric measurements, nocturnal attended 
polysomnography (PSG), tonsil size evaluation, x-ray cepha-
lometry, and sonographic measurement of LPW thickness. On 
the day of PSG, the body build of the participant was measured 
using standard procedures. Waist and hip circumferences (in 
centimeters) were obtained.11 Neck circumference was mea-
sured at the level of the most prominent portion of the thyroid 
cartilage with the head held erect and the eyes facing forward. 
Body mass index (BMI) and waist circumference were con-
verted into z score using local reference.11,12

Polysomnography
A model Siesta ProFusion III PSG monitor (Compumedics 
Telemed, Abbotsford, Victoria, Australia) was used to record 
the following parameters: electroencephalogram (F4/A1, C4/
A1, O2/A1), bilateral electrooculogram, electromyogram of 

mentalis activity, and bilateral anterior tibialis. Respiratory 
movements of the chest and abdomen were measured by induc-
tance plethysmography. Electrocardiogram and heart rate were 
continuously recorded from two anterior chest leads. Arterial 
oxyhemoglobin saturation (SaO2) was measured by an oxim-
eter (Ohmeda Biox 3900 Pulse Oximeter, Datex, Clearwater, 
Florida, United States) with finger probe. Respiratory airflow 
pressure signal was measured via a nasal catheter placed at the 
anterior nares and connected to a pressure transducer. An oro-
nasal thermal sensor was used to detect the presence of airflow. 
Snoring was measured by a microphone placed near the throat. 
Body position was monitored via a body position sensor. An 
adequate overnight PSG was defined as recorded total sleep 
time of more than 6 hours.

Respiratory events including obstructive apneas, mixed ap-
neas, and central apneas and hypopneas were scored based on 
the recommendation from The AASM Manual for the Scoring of 
Sleep and Associated Events: Rules, Terminology and Technical 
Specifications, Version 2.0.13 Arousal was defined as an abrupt 
shift in electroencephalogram frequency during sleep, which 
may include theta, alpha, and/or frequencies greater than 16 Hz 
but not spindles, with 3 to 15 seconds in duration. In rapid eye 
movement sleep, arousals were scored only when accompanied 
by concurrent increase in submental electromyogram amplitude.

Obstructive apnea-hypopnea index (OAHI) was defined as 
the total number of obstructive and mixed apneas and hypop-
neas per hour of sleep. Oxygen desaturation index was defined 
as the total number of dips in arterial oxygen saturation ≥ 3% 
per hour of sleep. Arousal index (ArI) was the total number of 
arousals per hour of sleep.

Participants with an OAHI of < 1 event/h were defined as 
having no OSA, whereas those with an OAHI between 1 and 
5 events/h and > 5 events/h were defined as having mild and 
moderate to severe OSA, respectively.

Tonsil Size Evaluation
Tonsil sizes were examined using the Brodsky grading scale, 
which has been demonstrated to be reproducible in our pe-
diatric population.14 The Brodsky grading scale comprised 
the following 5 grades: grade 0 (tonsils within the tonsillar 
fossa), grade 1 (tonsils just outside of the tonsillar fossa and 
occupy ≤ 25% of the oropharyngeal width), grade 2 (tonsils oc-
cupy 26% to 50% of the oropharyngeal width), grade 3 (tonsils 
occupy 51% to 75% of the oropharyngeal width), and grade 4 
(tonsils occupy > 75% of the oropharyngeal width).

X-Ray Cephalometry
The craniofacial bone characteristics of each individual were 
determined by cephalometry. A lateral maxillofacial radio-
graph was taken during wakefulness. All radiographic exami-
nation was performed with computed radiography equipment 
(Mobilett Plus, Siemens, Erlangen, Germany) using standard-
ized protocol (82–84 kvp, 10–20 mAs, 150-cm film-focus dis-
tance). The cephalometric measurements15 (Figure 1) were 
performed using a picture archiving and communication sys-
tem viewer with a 2048 × 2048 pixel monitor (Magicview ver-
sion VA22E, Siemens). All the measurements were performed 
by the same research personnel.
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Sonographic Measurement of LPW Thickness
All participants underwent ultrasonographic measurement of 
the LPW thickness during wakefulness on the day of PSG. 
An ATL HDL5000 (Bothell, California, United States) with 
C5-2 or C7-5 MHz curvilinear transducer was used. All mea-
surements were made by the same operator (LKH), who was 
blinded to other assessment data of the participants. The par-
ticipants were positioned supine on the examination couch, 
and their neck slightly extended supported by a 35° soft pad 
with the infraorbital meatal baseline (the line joining infra-
orbital margin and ear tragus) perpendicular to the scanning 
table. The oblique coronal plane of the parapharyngeal space 
was scanned with the transducer longitudinally placed on the 
lateral side of the neck, just underneath the lateral border of 
the occipital bone. The long axis of the ipsilateral internal ca-
rotid artery was identified with color application. The lateral 
wall of the pharynx appeared as an echogenic line on real-
time ultrasonography, whereas the lumen of the pharynx was 

completely obscured by gas shadowing. Vibration artifacts oc-
casionally occurred when the participants swallowed, which 
also helped to confirm location of the pharynx. The distance 
between the internal carotid artery and the echogenic surface 
of the pharynx represented the LPW thickness in an oblique 
coronal plane. The airway distension was viewed dynamically 
with grayscale real-time ultrasonography. All measurements 
were recorded on frozen images when the lateral wall of the 
pharynx moved farthest away from the transducer (ie, presum-
ably the airway decreased to its smallest caliber) (Figure 2). 
The maximum thickness of LPW on both sides was measured 
three times on three separate images, and the mean value was 
obtained for analysis. Values on both sides of the neck were 
summed to determine the total LPW thickness measured by 
ultrasonography. This measurement reflects the size of soft-
tissue structures in the LPW, which consists of various muscles 
and lymphatic tissues. Increase in LPW might exert compres-
sive force to the airway leading to airway narrowing.16

Figure 1—Definitions of various cephalometric measurements.
Category Measurement Description

Nasal cavity and 
nasopharyngeal 
space

Ba-N Distance from the lowest point of basion (Ba) to nasion (N)
S-N Distance from sella (S) to nasion (N)
Ba-S Distance from the lowest point of basion (Ba) to sella (S)

Ba-S-N Angle between the lowest point of basion (Ba), sella (S), 
and nasion (N)

Ba-S-PNS Angle between the lowest point of basion (Ba), sella (S), 
and posterior nasal spine (PNS)

Maxilla and 
mandible

Go-Gn Length of mandibular body [gonion (Go) to gnathion (Gn)]

MP Mandibular plane: tangent to the lower border of the 
mandible through menton (Me)

SN-Go-Gn Angle between S-N line and Go-Gn line: inclination of 
mandible

PNS-ANS-Go-Gn Angle between maxilla and mandible

S-N-A Angle between sella (S), nasion (N), and deepest point of 
maxillary dimple (A)

S-N-B Angle between sella (S), nasion (N), and deepest point of 
mandibular dimple (B)

A-N-B Angle between the deepest point of maxillary dimple (A), 
nasion (N), and deepest point of mandibular dimple (B)

Ar-Go-Gn Gonial angle [angle between articulare (Ar), gonion (Go), 
and gnathion (Gn)]

Ar-Go-N Upper gonial angle [angle between articulare (Ar), gonion 
(Go), and nasion (N)]

N-Go-Gn Lower gonial angle [angle between nasion (N), gonion 
(Go), and gnathion (Gn)]

Position of hyoid 
bone

MP-H Distance from mandibular plane (MP) to hyoid bone (H)

Gn-Go-H Angle between gnathion (Gn), gonion (Gn), and hyoid 
bone (H)

MP-H/Go-Gn Ratio of the distance between mandibular plane and hyoid 
bone (MP-H) and the length of mandibular body (Go-Gn)

H-Phw Distance between hyoid bone (H) and posterior 
pharyngeal wall (Phw)

Soft tissue
u1-PNS Length of soft palate [tip of uvula (u1) to posterior nasal 

spine (PNS)]
Va-Tant Length of tongue [tip of tongue (Tant) to valleculae (Va)]

Airway patency ph1-ph2 Minimal distance between tongue base and posterior 
pharyngeal wall 
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Statistical Analysis
Comparisons between groups were tested by one-way 
analysis of variance or t tests for parametric data, or chi-
square tests for categorical data. Logistic regression anal-
yses examined the associations between cephalometric 
and sonographic parameters and the presence of OSA or 
moderate to severe OSA, while controlling for age, sex, 
BMI z score/neck circumference and tonsil size. Linear 
regression analyses were used to assess the associations 
between cephalometric and sonographic parameters and 
OAHI, while adjusting for age, sex, BMI z score/neck cir-
cumference and tonsil size. Since BMI z score and neck 
circumference were highly correlated (r = .77), they were 
not included in the same regression model to avoid the 
violation of the multicollinearity assumption. All continu-
ous variables were standardized by subtracting the sample 
mean value and dividing by the standard deviation (SD) 
before regression analyses. OAHI was natural log-trans-
formed (ln [OAHI + 1]) for normality. All the analyses 
were performed using the statistical software packages 
SPSS (version 20.0 for Windows; SPSS Inc., Chicago, 
Illinois, United States).

RESULTS

Participant Characteristics
A total of 90 prepuberal children (55 boys) with a mean ± SD 
age of 9.1 ± 1.6 years were recruited. Forty-seven participants 
were confirmed to have OSA (OAHI ≥ 1 event/h), of which 
27 and 20 had mild (OAHI 1–5 events/h) and moderate to se-
vere OSA (OAHI ≥ 5 events/h), respectively. The participants 
with OSA had a slightly greater proportion of males than the 
non-OSA group, but the difference was not statistically signifi-
cant. They also had significantly higher BMI z score, greater 
neck circumference, and larger tonsils than the non-OSA 
group (Table 1).

X-Ray Cephalometry
Dose-response relationships were observed between OSA 
severity and measurements of hyoid bone position including 
distance from mandibular plane to hyoid bone (MP-H) (8.3 
mm ± 4.4, 12.1 mm ± 5.4 and 13.1 mm ± 5.4 for non-OSA, 
mild OSA and moderate-to-severe OSA groups, respectively, 
P for trend < .001), Gn-Go-H angle (angle between intersec-
tion of inferior margin of mandible and posterior margin of 
mandibular ramus [Go], the most anterior and inferior point 
on the mandibular symphysis [Gn], and the most anterior and 
superior point of hyoid bone [H]) (22.5° ± 7.2, 26.1° ± 7.3 and 
28.3° ± 8.3, respectively, P for trend = .003) and MP-H/Go-Gn 
ratio (0.11 ± 0.06, 0.16 ± 0.07 and 0.18 ± 0.08, respectively, P 
for trend < .001) (Table 1). Logistic regression analysis found 
that the presence of OSA was associated with greater MP-H, 
Gn-Go-H, and MP-H/Go-Gn ratio, translating to a lower hyoid 
bone position, even after adjusting for age, sex, BMI z score / 
neck circumference, and tonsil size (Table 2). The marker of 
lower hyoid bone position was also associated with the pres-
ence of moderate to severe OSA in the fully adjusted models 
(Table 3). Linear regression analysis also revealed that log-
transformed OAHI was positively associated with MP-H/Go-
Gn ratio in the fully adjusted model (Table 4). Similar results 
were obtained from BMI z score-adjusted and neck circumfer-
ence-adjusted models (Table 2, Table 3, and Table 4).

Sonographic Measurements of LPW Thickness
Dose-response relationships between OSA severity and LPW 
thickness were clearly demonstrated (3.54 cm ± 0.53, 3.82 
cm ± 0.52 and 4.22 cm ± 0.61 for non-OSA, mild OSA, and 
moderate to severe OSA groups, respectively, P for trend < .001) 
(Table 1). Logistic regression analysis showed that LPW thick-
ness was associated with the presence of OSA when adjusted 
for age, sex, and BMI z score. But when the model was ad-
justed for neck circumference or when it was further adjusted 
for tonsil size and marker of hyoid bone position, the associa-
tion became insignificant (Table 2). However, LPW thickness 

Figure 2—Sonographic measurement of lateral parapharyngeal wall thickness.

The solid line and dashed line arrows indicate the internal jugular vein and the internal carotid artery visualized by Doppler imaging, respectively. The lateral 
wall of pharynx is represented by the echogenic interface (white triangles). The double-headed arrow indicates the distance between the internal carotid 
artery and the echogenic surface of pharynx, representing the thickness of lateral parapharyngeal wall. The yellow triangles indicate the color vibration 
artefacts caused by the motion of the lateral wall of pharynx.
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was significantly associated with the presence of moderate to 
severe OSA in the fully adjusted model (Table 3). Linear re-
gression analysis also revealed that LPW thickness was posi-
tively associated with log-transformed OAHI in fully adjusted 
models (Table 4).

DISCUSSION

The main finding of this study was that greater LPW thick-
ness measured by ultrasonography and lower position of hy-
oid bone obtained from x-ray cephalometry were significantly 

Table 1—Comparisons between groups of different OSA severities.
Total

(n = 90)
OAHI < 1 
(n = 43)

OAHI 1–5 
(n = 27)

OAHI ≥ 5 
(n = 20) P1 P5 P (trend)

Demographics

Male sex, n (%) 55 (61.1) 22 (51.2) 20 (74.1) 13 (65.0) .064 .30 .17 
Age, years 9.1 ± 1.6 8.9 ± 1.6 9.4 ± 1.3 9.0 ± 1.9 .27 .73 .52 
Weight, kg 31.3 ± 9.7 28.3 ± 6.4 35.0 ± 11.5 32.7 ± 11.4 .004 .12 .029 
Height, cm 132.3 ± 10.4 130.5 ± 8.9 134.3 ± 10.7 133.5 ± 12.7 .12 .35 .20 
BMI, kg/m2 17.5 ± 3.6 16.4 ± 2.6 19.1 ± 4.7 17.7 ± 3.4 .006 .15 .063 
BMI z score 0.41 ± 1.05 0.18 ± 0.94 0.72 ± 1.14 0.49 ± 1.06 .043 .24 .14 
Overweight/obese, n (%) 27 (30.0) 9 (20.9) 11 (40.7) 7 (35.0) .073 .23 .16 
Neck circumference, cm 27.5 ± 2.5 26.5 ± 1.7 28.5 ± 2.8 28.2 ± 2.9  < .001 .019 .002

Sleep-Related 
Breathing

OAHI, event/h * 5.0 ± 10.1 0.2 ± 0.3 2.3 ± 1.2 18.8 ± 14.7  < .0001  < .0001  < .0001
ODI, events/h * 3.2 ± 7.2 0.8 ± 1.0 1.4 ± 1.4 10.8 ± 12.7  < .0001  < .0001  < .0001
SpO2 nadir, % 93 ± 4 94 ± 2 93 ± 3 89 ± 6  < .001  < .001  < .0001
Arousal index, events/h 13.1 ± 8.3 9.9 ± 4.2 11.2 ± 4.6 22.3 ± 11.6  < .001  < .0001  < .0001

Tonsil Size 
(Brodsky Grading)

Grade 0 8 (8.9) 4 (9.3) 3 (11.1) 1 (5.0)

.002  < .0001  < .0001 
Grade 1 22 (24.4) 16 (37.2) 6 (22.2) 0 (0.0)
Grade 2 27 (30.0) 16 (37.2) 7 (25.9) 4 (20.0)
Grade 3 29 (32.2) 7 (16.3) 11 (40.7) 11 (55.0)
Grade 4 4 (4.4) 0 (0.0) 0 (0.0) 4 (20.0)

Parapharyngeal Wall LPW thickness, cm 3.76 ± 0.60 3.54 ± 0.53 3.82 ± 0.52 4.22 ± 0.61 .004  < .001  < .001

Nasal Cavity and 
Nasopharyngeal 
Space

Ba-N, mm 91.6 ± 5.5 90.9 ± 5.5 92.7 ± 6.7 91.5 ± 3.2 .26 .66 .51 
S-N, mm 63.0 ± 3.5 62.3 ± 3.3 64.5 ± 4.1 62.4 ± 2.5 .096 .96 .54 
Ba-S, mm 34.1 ± 4.1 33.8 ± 4.4 34.4 ± 4.2 34.5 ± 3.3 .42 .52 .47 
Ba-S-N, ° 137.0 ± 6.6 137.7 ± 6.6 136.1 ± 6.6 136.7 ± 6.9 .32 .57 .46 
Ba-S-PNS, ° 63.2 ± 7.4 64.1 ± 8.2 63.2 ± 6.4 61.5 ± 6.6 .31 .23 .21 

Maxilla and Mandible

Go-Gn, mm 73.6 ± 6.2 72.7 ± 5.6 75.1 ± 7.0 73.4 ± 6.1 .19 .63 .44 
MP, mm 58.2 ± 5.6 57.1 ± 5.4 60.4 ± 6.5 57.6 ± 4.2 .076 .71 .39 
SN-Go-Gn, ° 37.6 ± 6.1 37.7 ± 6.3 36.8 ± 6.1 38.6 ± 5.5 .92 .60 .73 
PNS-ANS-Go-Gn, ° 35.7 ± 6.2 36.5 ± 7.0 34.1 ± 5.2 36.2 ± 5.2 .25 .86 .60 
S-N-A, ° 83.7 ± 4.9 83.1 ± 5.1 84.7 ± 5.0 83.6 ± 4.5 .29 .72 .54 
S-N-B, ° 78.5 ± 4.2 78.4 ± 4.5 79.4 ± 4.4 77.8 ± 3.2 .77 .56 .76 
A-N-B, ° 5.2 ± 2.5 4.7 ± 2.4 5.3 ± 2.5 5.9 ± 2.7 .11 .096 .084 
Ar-Go-Gn, ° 120.5 ± 5.5 120.7 ± 5.9 120.6 ± 4.5 120.1 ± 5.9 .78 .71 .71
Ar-Go-N, ° 44.4 ± 4.1 44.6 ± 4.6 44.6 ± 3.9 43.5 ± 3.3 .65 .31 .42 
N-Go-Gn, ° 76.2 ± 4.8 76.1 ± 5.1 75.9 ± 4.6 76.6 ± 4.5 .94 .74 .79 

Position of Hyoid 
Bone

MP-H, mm 10.5 ± 5.4 8.3 ± 4.4 12.1 ± 5.4 13.1 ± 5.4  < .0001  < .001  < .001 
Gn-Go-H, ° 24.9 ± 7.8 22.5 ± 7.2 26.1 ± 7.3 28.3 ± 8.3 .005 .006 .003 
MP-H/Go-Gn 0.14 ± 0.07 0.11 ± 0.06 0.16 ± 0.07 0.18 ± 0.08  < .001 .002  < .001 
H-Phw, mm 25.9 ± 2.8 25.6 ± 2.6 26.5 ± 3.1 25.7 ± 2.7 .30 .83 .62 

Soft Tissue u1-PNS, mm 27.6 ± 3.4 27.2 ± 3.0 28.5 ± 4.0 27.1 ± 3.3 .31 .91 .79 
Va-Tant, mm 57.7 ± 4.8 57.1 ± 4.4 59.3 ± 5.4 56.9 ± 4.4 .25 .85 .79 

Airway Patency ph1-ph2, mm 8.9 ± 2.9 8.6 ± 2.6 8.7 ± 3.1 9.7 ± 3.3 .39 .15 .19 

P1 from t tests or chi-square tests comparing participants with OAHI ≥ 1 event/h and those with OAHI < 1 event/h. P5 from t test or chi-square tests 
comparing participants with OAHI ≥ 5 events/h and those with OAHI < 1 event/h. P (trend) from linear contrast tests or linear-by-linear association tests 
examining the dose-response trend across groups. * = data were log-transformed (log [x + 1]) before analysis. BMI = body mass index, LPW = lateral 
parapharyngeal wall, OAHI = obstructive apnea-hypopnea index, ODI = oxygen desaturation index, OSA = obstructive sleep apnea, SpO2 = peripheral 
oxygen saturation. Please refer to Figure 1 for the abbreviations of x-ray cephalometry.
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associated with presence and severity of OSA independent of 
BMI z score, neck circumference, and tonsil size in prepuber-
tal children suspected to have the condition.

Significant association between LPW thickness and sever-
ity of OSA in children is a novel finding in this study. A 
similar positive association has been demonstrated in adults 
with OSA.10 LPW thickness reflects the total size of soft-
tissue structures within the region which include muscles, 
lymphoid tissue, and fat. Although ultrasonography does 
not provide sufficient resolution to dissect the composition 

within LPW, sonographic measurement of LPW thickness 
is technically less demanding and more cost effective than 
MRI. The procedure can be completed within 15 minutes, 
and more importantly the measurements are highly corre-
lated with those obtained from MRI.10 It is believed that in-
crease in LPW thickness generates a compressive force to 
the upper airway predominantly in the lateral dimensions, 
resulting in airway narrowing and thus increases the risk 
for OSA. This is supported by a MRI study in adults with 
OSA demonstrating airway narrowing was predominantly 

Table 2—Correlates with presence of OSA (n = 90).
Adjusted for Age, Sex and 

BMI z score
Adjusted for Age, Sex, BMI z score, 

and Tonsil Size Full Model

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Tonsil Size Grading 2.53 (1.52 to 4.22)  < .001 2.35 (1.35 to 4.12) .003
MP-H 2.41 (1.42 to 4.09) .001 2.29 (1.30 to 4.02) .004
Gn-Go-H 2.00 (1.20 to 3.33) .008 1.86 (1.08 to 3.18) .025
MP-H/Go-Gn 2.39 (1.42 to 4.04) .001 2.37 (1.34 to 4.19) .003 2.43 (1.35 to 4.36) .003
LPW Thickness 1.73 (1.05 to 2.83) .031 1.52 (0.89 to 2.62) .13 1.57 (0.89 to 2.79) .12

Adjusted for Age, Sex, and 
Neck Circumference

Adjusted for Age, Sex, 
Neck Circumference, and Tonsil Size Full Model

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Tonsil Size Grading 2.58 (1.51 to 4.40)  < .001 2.44 (1.36 to 4.37) .003
MP-H 2.41 (1.38 to 4.20) .002 2.31 (1.27 to 4.21) .006
Gn-Go-H 2.03 (1.20 to 3.44) .008 1.92 (1.09 to 3.39) .023
MP-H/Go-Gn 2.42 (1.40 to 4.20) .002 2.40 (1.31 to 4.40) .005 2.46 (1.33 to 4.54) .004
LPW Thickness 1.64 (0.98 to 2.75) .058 1.45 (0.83 to 2.53) .19 1.52 (0.84 to 2.75) .17

OR associated with an increase in continuous variables by 1 standard deviation or 1 grade for tonsil size grading. BMI = body mass index, CI = confidence 
interval, Gn-Go-H = angle between gnathion, gonion and hyoid bone, LPW = lateral pharyngeal wall, MP-H = distance from mandibular plane to hyoid 
bone, MP-H/Go-Gn = ratio of the distance between mandibular plane and hyoid bone (MP-H) and the length of mandibular body (Go-Gn), OR = odds ratio, 
OSA = obstructive sleep apnea.

Table 3—Correlates with presence of moderate to severe OSA (n = 63).
Adjusted for Age, Sex, and 

BMI z score
Adjusted for Age, Sex, BMI z score, 

and Tonsil Size Full Model

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Tonsil Size Grading 6.97 (2.53 to 19.20)  < .001 13.38 (2.71 to 66.15) .001
MP-H 2.76 (1.45 to 5.24) .002 2.68 (1.18 to 6.07) .019
Gn-Go-H 2.23 (1.20 to 4.14) .012 2.03 (0.92 to 4.48) .079
MP-H/Go-Gn 2.79 (1.47 to 5.29) .002 2.85 (1.23 to 6.59) .015 9.75 (1.73 to 54.90) .010
LPW Thickness 3.65 (1.53 to 8.68) .003 7.62 (1.76 to 32.97) .007 4.10 (1.25 to 13.47) .020

Adjusted for Age, Sex, and 
Neck Circumference

Adjusted for Age, Sex, 
Neck Circumference, and Tonsil Size Full Model

OR (95% CI) P OR (95% CI) P OR (95% CI) P
Tonsil Size Grading 7.55 (2.48 to 23.01)  < .001 14.96 (2.54 to 88.27) .003
MP-H 3.19 (1.53 to 6.66) .002 3.16 (1.21 to 8.21) .018
Gn-Go-H 2.64 (1.31 to 5.31) .006 2.45 (0.99 to 6.08) .052
MP-H/Go-Gn 3.23 (1.56 to 6.70) .002 3.39 (1.28 to 9.01) .014 4.72 (1.27 to 17.54) .021
LPW Thickness 2.86 (1.18 to 6.92) .020 5.25 (1.32 to 20.88) .019 6.14 (1.41 to 26.83) .016

OR associated with an increase in continuous variables by 1 standard deviation or 1 grade for tonsil size grading. BMI = body mass index, CI = confidence 
interval, Gn-Go-H = angle between gnathion, gonion and hyoid bone, LPW = lateral pharyngeal wall, MP-H = distance from mandibular plane to hyoid 
bone, MP-H/Go-Gn = ratio of the distance between mandibular plane and hyoid bone (MP-H) and the length of mandibular body (Go-Gn), OR = odds ratio, 
OSA = obstructive sleep apnea.
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in the lateral dimensions, and not in the anterior-posterior 
position. The study further revealed that the narrowing in 
the lateral dimensions was attributed mainly to the thicker 
LPW in participants with OSA, instead of the enlargement of 
the parapharyngeal fat pads.16 Similar evidence in children 
is rather limited. A previous study investigated a group of 
children and adolescents with obesity who were age 8 to 17 
years and showed that the size of parapharyngeal fat pads 
was significantly increased in the OSA group, but it was not 
significantly correlated with the severity of OSA.17 A more 
recent study on obese adolescents age 13 to 16 years found 
that OSA severity was significantly correlated with lateral 
wall volume but not fat deposition within the tongue or the 
parapharyngeal wall soft tissues,18 supporting LPW thick-
ness as a better predictor of childhood OSA.

A lower hyoid bone position was found to be another inde-
pendent marker of OSA in this study. The same finding has been 
reported by other research groups.15,19–23 A MRI study found 
that the association between hyoid bone position and childhood 
OSA became insignificant when controlling for the effect of 
tongue volume, which was highly correlated with both OAHI 
and the position of the hyoid bone. The authors proposed that 
tongue enlargement was the cause of the lower hyoid position 
in children with OSA.24 Previous studies also reported other 
cephalometric features that were associated with childhood 
OSA including small mandible,19,24 mandible repositioning,25 
increased anterior facial height,21,25 and small nasopharyngeal 
space resulting from enlarged adenoids.19,24 However, none of 
these studies were carried out in the Asian population. A re-
cent study on Chinese children also demonstrated that only the 
hyoid bone position and none of the other cephalometric char-
acteristics was associated with OSA severity,22 suggesting that 
there are likely ethnic differences in cephalometric parameters 
predisposing to OSA.

One limitation of this study was that participants with and 
without OSA were not matched for body size. Participants with 
OSA had a greater BMI z score than those without OSA. How-
ever, correlation analyses revealed that BMI z score was not 
significantly associated with LPW thickness and measurement 
of hyoid bone position. Moreover, the possible confounding ef-
fect of BMI z score has been adjusted for in all multivariate 
models. Another observation was that BMI z score was not 
linearly associated with OSA severity. The mild OSA group, 
but not the moderate to severe group, had the highest BMI z 
score, whereas there were dose-response relationships between 
OSA severity and LPW thickness and measurements of hyoid 
bone position. This supported that these anatomic measure-
ments were truly associated with OSA severity but not degree 
of obesity. Another limitation was that capnography was not 
performed during overnight PSG. Therefore, we were not able 
to examine the association between the anatomic measure-
ments and CO2 level during sleep. It should also be noted that 
all the tested participants were referred cases with symptoms 
suggestive of OSA. The findings may not be applicable to the 
general population.

The results of this study have implications for future re-
search. The potential anatomic markers of OSA identified in 
this study may be combined with other risk factors and/or 
symptoms of OSA to develop algorithms to estimate the prob-
ability of having OSA or even the severity of disease without 
conducting overnight PSG. In addition, the markers may help 
predict treatment response to OSA intervention, or select pa-
tients who will benefit most from the currently recommended 
first-line treatment, namely adenotonsillectomy. It will also be 
interesting to investigate how these anatomic factors contrib-
ute to OSA severity and possibly interact with other anatomic 
deficits seen in high-risk populations, such as children with 
Down syndrome or craniofacial abnormalities.

Table 4—Correlates with OAHI (n = 90).
Adjusted for Age, Sex, and 

BMI z score
Adjusted for Age, Sex, BMI z score, 

and Tonsil Size Full Model

Beta (SE) P Beta (SE) P Beta (SE) P
Tonsil Size Grading 0.48 (0.10)  < .0001 0.37 (0.09)  < .001
MP-H 0.44 (0.11)  < .0001 0.36 (0.10)  < .001
Gn-Go-H 0.36 (0.11) .001 0.28 (0.10) .006
MP-H/Go-Gn 0.45 (0.10)  < .0001 0.37 (0.10)  < .001 0.36 (0.09)  < .001
LPW Thickness 0.37 (0.11) .002 0.28 (0.11) .009 0.27 (0.10) .007

Adjusted for Age, Sex, and 
Neck Circumference

Adjusted for Age, Sex, 
Neck Circumference, and Tonsil Size Full Model

Beta (SE) P Beta (SE) P Beta (SE) P
Tonsil Size Grading 0.47 (0.10)  < .0001 0.37 (0.09)  < .001
MP-H 0.42 (0.11)  < .001 0.35 (0.10)  < .001
Gn-Go-H 0.35 (0.11) .001 0.28 (0.10) .006
MP-H/Go-Gn 0.43 (0.10)  < .0001 0.36 (0.09)  < .001 0.36 (0.09)  < .001
LPW Thickness 0.35 (0.11) .003 0.27 (0.10) .012 0.26 (0.10) .009

OAHI was log-transformed—ln(x + 1)—before analysis. Beta coefficient is interpreted as the expected change in ln(OAHI + 1) with an increase in continuous 
variables by 1 standard deviation or 1 grade for tonsil size grading. BMI = body mass index, Gn-Go-H = angle between gnathion, gonion and hyoid bone, 
LPW = lateral pharyngeal wall, MP-H = distance from mandibular plane to hyoid bone, MP-H/Go-Gn = ratio of the distance between mandibular plane and 
hyoid bone (MP-H) and the length of mandibular body (Go-Gn), OAHI = obstructive apnea-hypopnea index, SE = standard error.
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CONCLUSIONS

Based on the findings from simple upper airway imaging 
tools including x-ray cephalometry and ultrasonography, LPW 
thickness and hyoid bone position were identified to be signifi-
cantly associated with OSA in prepubertal children, indepen-
dent of tonsil size and obesity. This suggested that these upper 
airway imaging tools may provide extra useful information 
about the risk for OSA and potentially be used as a screen-
ing tool to identify children with higher risk for OSA and al-
low earlier treatment for those who are at highest risk for more 
severe disease.

ABBRE VI ATIONS

ArI, arousal index
BMI, body mass index
Gn-Go-H, angle between intersection of inferior margin 

of mandible and posterior margin of mandibular 
ramus (Go), the most anterior and inferior point on the 
mandibular symphysis (Gn), and the most anterior and 
superior point of hyoid bone (H)

Go-Gn, length of mandibular body
LPW, lateral parapharyngeal wall
MP-H, distance from mandibular plane to hyoid bone
MP-H/Go-Gn, position of hyoid bone: ratio of the distance 

between mandibular plane and hyoid bone and the length 
of mandibular body

MRI, magnetic resonance imaging
OAHI, obstructive apnea-hypopnea index
OSA, obstructive sleep apnea
PSG, polysomnography
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