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Abstract
Obstructive Sleep Apnea (OSA) in children might cause changes in breathing patterns which
could affect the growth and development of dentocraniofacial of the patient that forms the adenoid
face and possibly disrupt soft tissue equilibrium, occlusion, and facial esthetics. Therefore, OSA in
adults needs to be traced back since childhood. The objective of this study was to compare various
lateral cephalometric measurement of children with OSA and control.
Subjects who meet the inclusion and exclusion criteria were grouped based on the results of
Pediatric Sleep Questionnaire (PSQ), Polysomnography test (PSG), and risk factor analysis.
Dentocraniofacial cephalometric measurements were compared between 17 OSA subjects (14
boys, 3 girls, median 11,92 years) and 17 control subjects (8 boys, 9 girls, median 10,42 years).
Subjects has no significant differences in age and sex, meanwhile there was significant
difference on PSQ results, PSG results, and several risk factors analysis (Friedman Tongue
Position (FTP), tonsil size by Brodsky, hyoid position, upper pharyngeal width, lower pharyngeal
width, and adenoid ratio by Fujioka). Cephalometric analysis results showed significant differences
between the OSA group and the control group on horizontal parameters (NAPg, SNB, ANB, and UIMxP). There were no significant differences between head posture, and cephalometric vertical
parameter between OSA group and control. However, head posture angle and all cephalometric
vertical parameters in OSA group ware higher clinically than control. The horizontal skeletal and
dental parameter on cephalometric that were significantly different between the OSA and control
groups in this study indicated that the effect of OSA on dentocraniofacial growth and development
at the age of 9–12 years was more likely to be dominant in the horizontal direction and not yet in
the vertical direction.
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Introduction
Obstructive Sleep Apnea (OSA) is a
recurrent breathing disorder when sleeping, with
prevalence ranging from 9 - 38% and higher in
men.1, moreover OSA in children has prevalence
of 1–4%.2 Rohra et al (2018) suggest that 7% of
children between 9–17 years old that seek
orthodontic treatment had sleep disorder
breathing (SDB) ranging from primary snoring to
OSA.3 Abtahi et al (2020) suggest orthodontic
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practitioner should make SDB screening a
routine part of patient examination due to high
prevalence of pediatric SDB in the orthodontic
population (10.8%) compared with a healthy
pediatric population (5%).4
The etiology of OSA is multifactorial. It
might be found from nerves, hormones, muscles,
and anatomical structures abnormalities, or
combination between them.5 OSA in children
mostly caused by hypertrophic adenoids and
tonsils that cause obstruction in pharyngeal
area.2
Patients who have symptoms of snoring
during sleep, excessive sleepiness during the
day, and choking during sleep can be suspected
of suffering from OSA. OSA can increase the risk
of some serious diseases such as cardiovascular
and cerebrovascular diseases. OSA can reduce
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the quality of life and even death. 5,6
Several studies stated that OSA on
children
could
cause
dentocraniofacial
deformations just like mouth-breathing habit in
patient with OURT. Pracharktam et al. (1996)
and Mei et al. (2005) stated there were
characteristics of OSA patients similar to OURT
patients, which have a more forward head
posture, narrower posterior airways.7,8 Possible
findings on dentocraniofacial deformation that
can be found are small nostril, class II skeletal
pattern, retruded chin, clockwise rotation of the
mandible, protrusion of the anterior upper teeth,
class II malocclusion, and large overjet (adenoid
face). The soft tissue deformation findings
consist of more convex face, enlarge tongue, and
incompetent lips. 9–11
In addition, some literature states that
there is a relationship between the severity of the
head posture, the posterior airway, and the
location of the hyoid bone and the severity of
OSA. Research by Sokucu (2016) shows an
association between head posture and OSA
severity.6 Ciavarella Research (2018) shows the
relationship of the width of the posterior airway
with the severity of OSA.12 These anatomical
conditions
can
be
examined
through
cephalometry and if supported by a questionnaire
could be a key reference to refer to ENT
Specialist for PSG examination as OSA gold
standard examination.10,11 The aim of this study
was to compare various lateral cephalometric
measurement of children age 9–12 years old with
OSA and control.
Materials and methods
Subjects
The study is conducted at the Orthodontic
Specialist Clinic, University of Indonesia Dental
and Mouth Hospital in August 2020–January
2021 after being approved by the Ethics
Committee of University of Indonesia with code
number 38/Ethical Approval/FKGUI/IX/2020. The
calculation of the sample size used a sample
calculation formula of 34 subjects consist of 17
OSA subjects and 17 control subjects. Subject’s
age and sex were collected on the anamnesis
before PSQ. Subjects and their parents gave
consent for research agreement.
The sample is taken using a purposive sampling
method with the Orthodontic patient population at
University of Indonesia Dental and Mouth
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hospital. The inclusion criteria in this study are
male or female subjects, ages 9–12 years, there
were at least 10 dental elements per jaw.
Inclusion criteria for control group are Apnea
Hypopnea Index (AHI) on PSG result is <1 and
has class I malocclusion with normal overjet and
overbite. Inclusion criteria for OSA group are AHI
on PSG result is ≥ 1. Meanwhile, exclusion
criteria included temporomandibular disorders,
severe periodontal disease, undergoing or had
previous orthodontic treatment, undergone jaw
surgery, experienced a jaw fracture, syndromes
and systemic diseases, and other pathological or
habits that could change dentocraniofacial
growth and development.
Pediatric Sleep Questionnaire (PSQ)
This research began with dividing the
grouping of subjects (OSA and control
categories) based on guided questionnaire data.
Eight positive answers (33%) along 22 questions
on Pediatric Sleep Questionnaire has a tendency
to OSA group. Subject's parents were asked
questions about the quality of their child's sleep
at night, the quality of waking up in the morning,
and their activities and social interactions in
friends, school, and family.
Physical examination
Recorded physical examination included
neck circumference (cm), nutritional status based
on Indonesian Ministry of Health Anthropometry
Guide Book (under/normal/upper/obese), tongue
position (Friedman Tongue Position), and clinical
tonsil size (Brodsky criteria) [Figure 1, 2, and
Table 1]. Neck circumferences is measured using
Seca calipers. Measurements are made at the
level of the cricoid cartilage, surrounding the
neck.10

Figure 1. Tongue position examination.
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(ANB), horizontal skeletal profile (NAPg),
mandibular growth direction (Y-axis), Middle and
lower face vertical growth angle (Go-Angle),
maxillomandibular plane angle (MMPA), lower
anterior face height (LAFH), interincisal angle (IaIb), Maxillary Incisor Inclination (UI-MxP), and
Mandibular Incisor Inclination (LIMP). Risk
factors measurement consist of location of the
hyoid bone (H-MP), width of the upper and lower
pharyngeal airway, and adenoid width (Fujioka
Ratio). Cephalometric measurements were
performed using an arc and Mitotuyo digital
calipers [Figure 3, 4 and table 2].
Figure 2. Tonsil clinical examination.

Table 1. Measurement of tongue position and
tonsil size.
Polysomnography (PSG)
Subjects underwent overnight PSG
along 8 hours sleep in their home using Embletta
MPR,
At-Home
Sleep
Apnea
Test,
Polysomnography type III. Final diagnosis is
made by Sleep Medicine Specialist in Cipto
Mangunkusumo
Hospital.
Mean
Apnea/Hypopnea Index (AHI), mean oxygen
desaturation events, and mean lowest Oxygen
Saturation level are compared between OSA and
control group. The PSG recording was analyzed
and scored using Embla Remlogic-e PSG
software (version 3.4.4; Natus, California, USA).
Cephalometric data
Cephalometric
examinations
were
carried out for pre-orthodontic examinations at
the Orthodontic Specialist Clinic, Dental and
Mouth Hospital of Dentistry Faculty of University
of Indonesia. The cephalometric measurements
consist of dentocraniofacial measurement and
risk factor measurement. Dentocraniofacial
measurement consist of head posture angle (SNOPT), maxillary position (SNA), mandibular
position (SNB), maxillomandibular relationship
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022

Figure 3. Cephalometric measurement.
Statistical method
All cephalometry parameters were traced
by operator and 4 cephalometry was chosen at
random to measured again by another operator
as interobserver. Intraobserver test was carried
out by researchers by taking cephalometric
measurements again within 48 hours. Bland
Altman analysis is used to see the agreement
between 2 observers.
Descriptive statistics were displayed
including mean, median, min, max, and standard
deviation. Followed by the normality test of
Saphiro Wilk’s data because n<50. Meanwhile, a
comparative T-Test test was performed for
normal data and a Mann-Whitney comparative
test for abnormal data on numerical data. For
categorical data, the Chi-Square test was
performed on the >2x2 table and the Continuity
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correction test for the 2x2 table. The statistical
analysis was carried out with SPSS software for
Windows (version 22; IBM, Armonk, NY).
Results
Reliability Rest
Interclass Coefficient Correlation Test is
used to see the reliability of intra- and interobserver result. Intra-observer test was carried
out 48 hours after data measurement was
completed. The results of the intra-observer ICC
test measurements obtained very good reliability
(r=0.979–1,000; 95% confidence interval). The
Inter-observer test was carried out by comparing
the results of the researchers’ observations and
measurements with the results of the other
observer. The measurement results of the interobserver ICC test obtained very good reliability
(r= 0.970–1,000); 95% confidence interval).
Subject characteristic
This study consists of 17 OSA subjects
(14 boys, 3 girls) and 17 control subjects (8 boys,
9 girls) matched for age and gender. The median
age in the OSA group was 11.92 years (9.16–
12.91 years), while the median age in the control
group was 10.42 years (9–12.92 years).
Shapiro-Wilk normality test (n<50) was
used to determine the normality of the age data
of the study group, then continued with the
Mann-Whitney U numerical comparative test.
Mann-Whitney U test showed that there was no
statistically significant difference (P= 0,796) in
age between the OSA and control groups.
Chi-Square categorical comparative test
for gender showed that there was no statistically
significant difference (P=0,73) between the OSA
groups compared to normal sex. Most of the
OSA group were men (14 subjects), but most of
the control group were women (9 subjects).
PSQ results
Normality test was conducted to see the
distribution of the data. Independent T-Test
numerical comparative test was performed
because the data were normal. Independent TTest showed that there was a statistically
significant difference (P=0,000) between OSA
(mean 8,35 ± 3,24) and control (mean 4,3 ± 2,59)
groups on the PSQ questionnaire.
Risk factors results
Inter-group data characteristics regarding
nutritional status, tongue position, and clinical
tonsil size were measured using Pearson ChiVolume ∙ 15 ∙ Number ∙ 2 ∙ 2022
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Square (table > 2x2). There was no statistically
significant difference (P=0,173) on nutritional
status between the OSA and control groups.
Most of the OSA group were overweight so they
were included in the over-nutritional category,
while most of the control group had good nutrition.
There was a significant difference
(P=0,000) in tonsil size between the OSA and
control groups. The clinical tonsil size in the OSA
group was in category III, while the control group
was mostly in category I.
There was a significant difference
(P=0,000) in the position of the tongue between
the OSA group and the control group. Most of the
OSA group had a third Friedman Tongue
Position, while the control group had a second
Friedman Tongue Position.

Table 3. Risk Factor analysis on hyoid position,
upper pharyngeal width, lower pharyngeal width,
adenoid ratio, and neck circumferences.
There were differences between the
measurement of hyoid bone position, upper
pharyngeal width, lower pharyngeal width,
adenoid size, and neck circumferences between
the OSA and control groups. Numerical
comparative test independent T-test conducted
on normal data showed that there was no
statistically significant difference (P= 0,92)
between the OSA (mean 9,98 ± 2,01 mm) and
normal (mean 11,89 ± 3,36 mm) groups for lower
pharyngeal width. There was a statistically
significant difference (P=0,049) between the
OSA (mean 15,03 ± 7,07 mm) and normal (mean
11,11 ± 3,2 mm) groups with respect to HMP.
There was a statistically significant difference
(P=0,049) between the OSA (mean=15,03 ± 7,07
mm) and normal (mean 11,11 ± 3,2 mm) groups
with respect to upper pharyngeal width. There
was a statistically significant difference (P=0,000)
between the OSA (mean 0,64 ± 0,08 mm) and
normal (mean 0,44 ± 0,1 mm) groups with
respect to adenoid size. Numerical comparative
test Mann-Whitney U conducted on abnormal
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data showed that there was no statistically
significant difference (P= 0,90) between the OSA
(median 31 mm, min 26mm–max 38,5mm) and
normal (median 30, min 27,5mm–max 36,2mm)
groups for neck circumferences [Table 3,4, Fig.
4].

Table 4. Cephalometric result.

Figure 4. Adenoid cephalometry landmark.
PSG results
Measurements taken from PSG are AHI
parameters, Oxygen Desaturation Events (OD),
and the lowest oxygen saturation level. Normality
test performed on the three data showed
abnormal results, so the Mann-Whitney U
comparative test was carried out. Mann-Whitney
U numerical comparative test performed on the
abnormal data showed that there was a
statistically significant difference between the
OSA and control groups with respect to AHI, OD,
and the lowest oxygen saturation level. There
was a statistically significant difference (P=0,000)
between the OSA (median1,9, min 1,1–max7,8)
and normal (median 0,5, min0–max0,8) groups
with respect to AHI. There was a statistically
significant difference (P=0,000) between the
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022
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OSA (median 2,6, min0,4–max24) and normal
(median 0,5, min 0,1–max2,6) groups with
respect to OD. There was a statistically
significant difference (P=0,005) between the
OSA (median89, min 78–max94) and normal
(median 94, min72–max94) groups with respect
to lowest oxygen saturation level [Figure 5].

Figure 5. PSG results (AHI, OD, lowest O2
saturation).
Dentocraniofacial Cephalometry result
The normality test was conducted to see
the distribution of the data. Normal homogeneous
data were SN-OPT, NAPg, Y-Axis, LAFH, Ia-Ib,
LI-MP, UPW, LPW, and adenoid size. The
normal heterogeneous data are MMPA, HMP,
and Go-Angle. The abnormal data are SNA, SNB,
ANB, UI-MxP.
Numerical comparative test independent
T-test conducted on normal data showed that
there was no statistically significant difference (pvalue > 0.05) between the OSA and control
groups with respect to SN-OPT, Y-Axis, Ia-Ib, LIMP, MMPA, and Go-Angle. There was a
statistically significant difference (P=0,006)
between the OSA and control groups in the
NAPg parameter.
Mann-WhitneyU numerical comparative
test conducted on abnormal data showed that
there was no statistically significant difference (pvalue > 0.05) between the OSA and control
groups against SNA, but there was a statistically
significant difference (p-value <0, 05) between
the OSA and control groups to SNB, ANB, and
UI-MxP [Table 5].
Lateral cephalometric measurements in
the range of 9–12 years in the OSA group was
different from the control group. The significant
differences were mainly in the anteroposterior
skeletal
measurements,
namely
the
measurement of the skeletal profile, the position
of the mandible, and the maxillomandibular
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relationship. Skeletal profile (NAPg) of the OSA
group was more convex than the control group.
Mandibular position (SNB) in the OSA group was
more retrognathic than the control group. The
maxillomandibular relationship (ANB) in the OSA
group was further than the control group. Another
measurement in which significantly different is
the measurement of the upper incisor inclination
(UI-MxP). The inclination of the upper incisors in
the OSA group was more protrusive than in the
control group. There was no significant difference
in head posture and vertical plane. The location
of the hyoid bone, the width of the upper pharynx,
the position of the tongue, the size of the
adenoids, and the size of the clinical tonsils are
risk factors that contribute to the occurrence of
OSA.
Discussion
Changes in head posture in the OSA
group is one of the self-defense mechanisms
from the lack of oxygen levels that are repeated
continuously.16 Vig et al (1980) stated there is a
change in head posture as much as 5º bending
backwards after closed the airway. Persistent or
repeated airway obstruction causes changes in
head posture to reopen the airway.17 Changes in
posture result in pulling of the soft tissue of the
neck (soft tissue stretching theory by Solow and
Kreiborg, 1977) which was associated with the
mandible then caused the mandible to be pulled
more posteriorly (changes in the anteroposterior
plane). Persistent neck soft tissue stretching
might cause rotational changes in mandibular
vertical growth pattern leading into mandibular
hyperdivergence (vertical plane changes).18
The average head posture in the OSA
group was 103.29º, while the average head
posture in the control group was 99.53º. Normal
value of SN-OPT for upright head posture is 94º–
102º, while for kyphosis head posture is 102º–
112º. The average OSA group has kyphotic head
posture, while the average group has normal
head posture.
Skeletal anteroposterior planes observed
in this study were the maxillary position to the
cranial base (SNA), the mandibular position to
the cranial base (SNB), the maxillomandibular
relationship (ANB), and the skeletal profile
(NAPg). Anteroposterior position of the maxilla to
the cranial base in the OSA group (median 80.5º)
was more prognathic than in the control group
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022
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(median 80.0º). Their difference was 0.5º, but
this difference is not statistically significant
(p=0.452).
Anteroposterior position of the mandible
to the skull base in the OSA group (median 76º)
was more retrognathic than in the control group
(median 77º). Their difference was 1º and it was
considered statistically significant (p= 0.037). The
median value of SNB in the OSA group, which
was 76º, was included in the normal category,
but it was more retrognathic when compared to
the mean value of the control group which is also
still in the normal category.
Median maxillomandibular relationship in
the OSA group (median 5.5º) was greater than
that in the control group (median 3.5º). The
difference was 2º and it is considered statistically
significant (p=0.001), while median value of ANB
in the OSA group is 5.5º with a minimum limit of
2º and a maximum limit of 9º already in the
category of class II skeletal relationships. This is
different from the control group ANB which is in
the category of skeletal class I relationships with
a median of 3.5º with a minimum limit of 2º and a
maximum limit of 5º.
Mean skeletal profile in the OSA group
(9.47º±3.93º) was more convex than the control
group
(6.12º±2.49º).
Skeletal
profile
measurement using NAPg calculation which
involves the chin position (pogonion) in its
measurement. The difference was 3.18º and was
considered statistically significant (p=0.006).
Mean value of NAPg in the OSA group is 9.29º
and is included in the category of straight skeletal
profile that tends to be convex, but in the data,
most of the groups have a convex skeletal profile.
This is different from the average value of the
control group, which is 6.12º and is included in
the straight profile category, but in the data most
of the control group has a straight skeletal profile.
Skeletal anteroposterior planes in the OSA group
were
significantly
different
in
the
maxillomandibular
relationship,
mandibular
position, and facial convexity. This difference is
related to head posture as described in the
characteristics of head posture. Repeated
obstruction might change head posture and soft
tissue stretching on the mandible. This pull will
impact on change in the position of the mandible.
Changes in the position of the mandible cause an
increase in the maxillomandibular size where the
mandible is positioned away from the maxillary
position. The position of the mandible becomes
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more retrognathic and increases the degree of
facial convexity.16
Skeletal vertical planes measured in this
study were the direction of mandibular growth,
middle and lower facial vertical growth, vertical
skeletal pattern, and the percentage of lower
anterior facial height. The direction of mandibular
growth (Y-Axis) in the OSA group (mean
60.88º±2.85º) was more vertical than the growth
direction
in
the
control
group
(mean
60.94º±2.49º). Mean difference was 0.06º and
not statistically significant (p=0.949). Average
direction of mandibular growth in the OSA group
and the control group was still within normal
limits (60º±6º). Vertical growth of the middle and
lower faces (Go-Angle) in the OSA group (mean
129.41º±6.43º) was greater than that in the
control group (mean 128.56º±3.07º). Its mean
difference was 0.85º and not statistically
significant (p=0.626). Mean vertical growth of the
middle and lower faces in the OSA and control
groups was still within normal limits (123º±7º).
Vertical skeletal pattern (MMPA) in the
OSA group (mean 29.06º±4.81º) was greater
than that in the control group (mean 29º±2.15º).
Mean difference was 0.06º and not statistically
significant (p=0.964). Mean vertical skeletal
pattern in the OSA and control groups were still
within normal limits (27º±4º). Percentage of lower
anterior facial height (LAFH) in the OSA group
(mean 53.7±1.01) was the same as in the control
group (mean 53.7±1.12). Mean difference was
0% and not statistically significant (p=1). Median
percentage of lower anterior facial height was
within normal limits (55%±2%). From the four
vertical skeletal lateral cephalometric parameters
above, there were differences between the OSA
and control groups, but the differences were not
statistically significant.
The vertical plane was not significantly
different between the OSA and control groups,
but the OSA group had a higher vertical angle
than the control group. This non-significant
difference may be caused by the mandible that
has not grown maximally at the age of 9–12
years or because of the lack of intensity,
frequency and duration of OSA in this study.
Growth of the maxilla and mandible follows a
pattern between the neural and somatic patterns.
Maxillary pattern is more likely to follow the
neural pattern. Growth has reached 90%
completed by the age of 6 years and 96% at the
age of 10 years. Meanwhile, mandibular pattern
Volume ∙ 15 ∙ Number ∙ 2 ∙ 2022
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tends to follow a somatic S-curve pattern which is
slow in childhood and increases from puberty to
20 years.19
The dental measurements carried out
were the measurement of the interincisal angle,
upper incisor inclination, and lower incisor
inclination between the OSA and control groups.
Interincisal angle in the OSA group (mean
120.59º±7.64º) was more protrusive than in the
control group (mean 125.06º±7.07º). The
difference was 4.47º and not statistically
significant. Its mean in the OSA group and
control group were included in the normal
category (130º±10º).
Incisor inclination of the OSA group
(median 117º) was more protrusive than the
control group (median 114º). Difference was 3º
and statistically significant with a significance
value (p) of 0.008. The median incisor inclination
of the OSA group was included in the protrusive
category, in contrast to the median incisor
inclination of the control group which was
included in the normal category (109º± 6º). Upper
lip tends to be hypotonic, short, and the lower lip
is trapped between the lower lip and the upper
incisors causing the upper incisors to be pushed
forward in the OSA group. The inclination of the
lower incisors in the OSA group (mean
91.62º±7.11º) was more retrusive than the
control group (92.71º±5.17º). The difference was
1.09º and not statistically significant. The mean
lower incisor inclination in the OSA and control
groups was in the normal category (90º±4º).
Conclusions
Those in OSA group had a higher head
posture than the control group, but not
statistically significant. The median head posture
of the OSA group was in the kyphosis category,
while the median head posture of the control
group was in the normal category.
Anteroposterior characteristics in the OSA
group were different from the control group.
Maxillary anteroposterior position in the OSA
group was more prognathic than the control
group,
but
not
statistically
significant.
Anteroposterior position of the mandible in the
OSA group was more retrognathic than the
control group and this difference was statistically
significant. Maxillomandibular relationship in the
OSA group was greater than the control group
and this difference was statistically significant.
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The skeletal profile of the OSA group was found
significantly more convex than the control group.
On the other hand, vertical characteristics
in the OSA group were greater than the control
group, but were not statistically significant in
measuring the direction of mandibular growth,
vertical growth of the middle and lower face,
vertical skeletal pattern, or differences in lower
anterior facial height in the OSA and control
groups.
Dental parameters in the OSA group were
different from the control group. The interincisal
angle in the OSA group was more protrusive than
the control group, but not statistically significant.
The inclination of the upper incisors in the OSA
group was more protrusive than the control group
and this difference was statistically significant.
The
dentocraniofacial
cephalometric
parameters of the OSA group differed from the
control group, both in terms of head posture,
anteroposterior
characteristics,
vertical
characteristics, or dental parameters. The
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anteroposterior
skeletal
and
dental
characteristics that were significantly different
between the OSA and control groups in this
study indicated that the effect of OSA on
dentocraniofacial growth and development at the
age of 9–12 years was more likely to be
dominant in the anteroposterior direction and not
yet in the vertical direction. The difference in
dentocraniofacial growth and development
between the OSA and control groups in this
study can be the basis for assess the possibility
of OSA in children.
Location of the hyoid bone, the width of
the upper pharynx, the position of the tongue, the
size of the adenoids, and the size of the clinical
tonsils contribute to the occurrence of OSA.
Adenoid size plays an important role because it
is the main etiology of OSA in this study. Lower
pharyngeal width, neck circumference, and
nutritional status did not play a role in the
occurrence of OSA in this study.
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Table 2. Cephalometric measurements.
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