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Abstract
The crucial influencing factor in the development and progression of pediatric obstructive sleep
apnea might be the disharmony of craniofacial structure. The objective of this systematic review is
to explain the association between craniofacial structure disharmony and pediatric obstructive sleep
apnea.
Citations of potentially relevant published trials were located by searching PubMed, Scopus, the
Cochrane Central Register of Controlled Trials and Web of science. Inclusion criteria were (1)
randomized controlled trials, retrospective study, cross-sectional, case-series, or cohort studies with
controls; (2) studies in nonsyndromic children from birth to 19 years of age with a diagnosis of
obstructive sleep apnea by either a screening questionnaire, or polysomnography; and (3) principal
outcome measures of craniofacial or upper airway dimensions or proportions with various
modalities of cephalometric analysis for the craniofacial and neck regions. The quality of the studies
selected was evaluated by assessing their methodologies.
Through the electronic searches, 1290 titles and abstracts were identified. From these, 241
met the inclusion criteria. This resulted in 6 studies from cross-sectional trials that were included in
this systematic review. 1 case series reported the association between craniofacial disharmony and
obstructive sleep apnea.
There is statistical support for an association between craniofacial disharmony and obstructive
sleep apnea. There was significant correlation between upper airways dimensions and
maxillomandibular discrepancy expressed by a significantly larger ANB angle. The upper airway
measurement showed a significant difference between OSA group and non-OSA group.
Review (J Int Dent Med Res 2022; 15(1): 412-421)
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Introduction
Sleep apnea according to American
Association of Orthodontists in 2012, is defined
as a temporary suspension of breathing which
occurs repeatedly during sleep. It occurs when
there is an increase of collapsibility of the upper
airway.1 Obstructive sleep apnea (OSA) gains
more attention in the field of pediatrics. The
symptoms lie behind a spectrum of disorders of
sleep-breathing. It can negatively impact health if
left untreated. Patients are not usually diagnosed
with sleep-disordered breathing (SDB) or
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obstructive
sleep
apnea
(OSA)
until
approximately 40 years of age.2 Obstructive
sleep apnea (OSA) in children is a respiratory
disorder characterized by upper airway collapse
during sleep. Obstructive sleep apnea syndrome
(OSAS) is a common circumstance in children. If
it is left untreated, it can lead to severe
complications.3
Children with mild OSA are not always
diagnosed since the symptoms of the disorder
are not obviously seen. But suspected SDB
children are commonly seen in dental practice.4
There are increasing incidences of pediatric OSA
in some races such as African-Americans.5
The components of upper airway
structures consist of the oral cavity, pharynx, and
larynx. The growth and development of the head
and neck from the neonatal period till the end of
adolescence is significantly influenced by the
upper airway.6
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In this review, we focus on upper airway
dimension in pediatric obstructive sleep apnea
with partial or complete upper airway obstruction.
Predisposing factors for pediatric OSA
There are several causes of pediatric
sleep apnea. They might be due to a complex
interaction of neuromuscular, anatomic and
inflammatory factors.7
Adenotonsillar hypertrophy
Adenotonsillar hypertrophy (AH) is
considered as one of the most common disorders
and sources of upper respiratory obstruction
among children and influences the upper airway
morphology.
The
correlations
between
adenotonsillar size and polysomnographic
features remain diverse and controversial.8
The effects of adenotonsillar on pediatric
obstructive sleep apnea may be altered by
factors including obesity and age.9 Kang et al. in
a 2013 study found that adenotonsillar size of
OSA does not differ between obese and nonobese children, but differ in children of different
ages, and the influence of adenoid size
decreases in adolescence.
Adenotonsillar hypertrophy is the most
common disorder in the pediatric population. It
can cause symptoms such as mouth breathing,
nasal congestion and snoring. It is also the
source of obstructive sleep apnea (OSA) in
children.3
Obesity
The pediatric obesity population is
increasing. 18 % of childhood obesity has tripled
during the past several decades.10 Obesity is one
of the important risk factors for pediatric
obstructive sleep apnea in both children and
adolescents.5,6.
Craniofacial morphology
The etiology of craniofacial morphology
may result from both genetics and the
environment.11
Studies reported that sleep
disordered breathing and obstructive sleep
apnea conditions increased in retrognathic
mandible individuals.12 The maxillary transverse
constriction is also a signal for a decrease in
transverse upper airways dimension which may
indicate an increase in nasal resistance.13
Role of cephalometric radiographs
The lateral cephalometric radiograph
might be used as a screening method for
measuring dimension of both nasopharyngeal
and palatopharyngeal upper airways. There is a
correlation between the three-dimensional
Volume ∙ 15 ∙ Number ∙ 1 ∙ 2022
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magnetic resonance imaging and the lateral
cephalometric radiograph.14
The lateral cephalometric radiograph of
the upper airway dimension may be an important
screening tool for pediatric obstructive sleep
apnea. There is no systematic review of the
relation between pediatric obstructive sleep
apnea and upper airway dimension.
The aim of this study is to conduct a
systematic review of the published literature and
elucidate the association between upper airway
morphology and pediatric obstructive sleep
apnea.
Materials and methods
Protocol and registration
The PRISMA-P statement was used as a
specific protocol developed and piloted
guidelines for the outline of this systematic
review.15 Moreover, the Cochrane Handbook for
Systematic Reviews of Interventions was used as
a guideline for the procedure.16 The reporting
complied with the PRISMA statement’s
guideline.17

Table 1. Study selection criteria.
Eligibility criteria
This systematic review and meta-analysis
was conducted based on the PRISMA (Preferred
Reporting Items for Systematic reviews and
Meta-Analyses) guidelines. 18 Title-abstract-full
text of each article was checked independently
by three authors based on the PRISMA chart.
The inclusion criteria were restricted to (1)
randomized control trials, cohort studies or case
series; (2) studies of nonsyndromic children from
birth to 19 years of age with a diagnosis of
obstructive sleep apnea by a screening
questionnaire,
sleep
disorders
unit,
or
polysomnography; and (3) main measurement of
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craniofacial and upper airway dimensions in
various lateral cephalometric analysis of the
craniofacial regions. The selection criteria for this
study is described in Table 1.
Outcomes
The
primary
outcome
was
the
cephalometric measurement variables from
lateral cephalograms of pediatric obstructive
sleep apnea patients as measured by various
modalities.
The measurements included 3
angles of craniofacial skeletal and 4 linear
measurements of upper airways as described in
table 2.

Table 2. The measurements of upper airways.
Study selection
Types of studies
Modalities of lateral cephalometric
analysis of upper airway dimension in diagnosing
OSA in children were included. Cross-sectional
and case series were also considered in order to
compare their bibliographic references with the
results of our literature search.
Participants
Non syndromatic obstructive sleep apnea
patients of 19 years of age and under were
eligible for inclusion. Studies that included adults
or syndromatic pediatric patients were excluded.
Only studies where subjects confirmed as having
pediatric obstructive apnea by performing
obstructive sleep apnea questionnaire or
polysomnography were included.
Search strategy
Searching was performed using the
appropriate databases (PubMed, Embase,
Scopus, and Cochrane Central Register of
Controlled Trials) for potentially related published
journals. The strategy used several combinations
of searches related to the specific patient
population, index test, and the reference
standard for the target condition. All references
were managed by reference manager software
Volume ∙ 15 ∙ Number ∙ 1 ∙ 2022
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and duplicate hits removed. Only English studies
were considered.
Further searching in the references of the
reviewed articles was also performed. The
search period was from November 20, 2020,
across all databases, until December 31, 2020.
Study selection and data extraction
Three authors individually reviewed the
titles and abstracts of all discovered citations.
Any studies that did not meet the inclusion
criteria were excluded from further assessment,
and the full articles were reprocessed for those
that fulfilled the criteria. The three authors (A.C,
N.T, T.S) individually reviewed all full articles.
Data
abstraction
was
executed
independently by the three authors using Excel
(Microsoft,
Redmond,
Wash).
The
characteristics of the included studies were
publication year, the details of the study design,
the details of the patients’ demographic, the
characteristics of participants, the method of
pediatric obstructive sleep apnea diagnosis, the
analysis modalities, an assessment of quality of
the study, and the statistical details. The eligible
abstracts from three authors were pooled for
providing supplementary details on their studies.
Citations from eligible journal and review articles
were double-checked to identify more studies.
Any uncertain issues were settled by
discussion and communal agreement between
the three authors. Angular variables were
detailed in degrees and linear variables were
detailed in millimeters.

Table 3. Criteria for study evaluation.
Quality assessment and risk of bias of the
selected study
The methodologies from each study were
used to evaluate the quality of every study.
Assessment of the methodological quality was
conducted according to guidelines recommended
by the evaluation criteria from the Centre for
Reviews and Disseminations in York, United
Kingdom.19 A methodological quality scored the
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studied as ‘strong evidence’, ‘moderate evidence’
and ‘limited evidence’ for each quality
assessment item. The criteria are presented in
Table 3.
Risk of bias was evaluated by using
Cochrane Collaboration's tool:
Our review categorized the general risk of
bias according to the following items. (Table 4.)
1. Low risk of bias (plausible bias unlikely to
seriously alter the results) if all criteria
were met.
2. Unclear risk of bias (plausible bias that
raises some doubt about the results) if at
least 1 criterion was assessed as having
an unclear risk.
3. High risk of bias (plausible bias that
seriously weakens confidence in the
results) if at least 1 criterion was
assessed as having a high risk.
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95% confidence intervals for the outcomes of
individual study was clearly checked for
categorizing heterogeneity.
3 angles and 4 linear measurements of
cephalometric
variables
from
pediatric
obstructive sleep apnea patients were collected
as described in table III.
Results
The restrictions were assigned on the
patients’ ages and English language. In the initial
investigation, 1,290 citations through the 4
databases were found. We identified 1,290
citations from electronic databases: 347 from
PubMed/Medline, 302from COCHRANE, 355
from SCOPUS and 286 from Web of Science.
1,241 were duplicates. The exclusion of seven
citations in foreign languages from this review
were executed. The remaining 241 abstracts
were further investigated. 26 journals were
studied as full text. Studies included in qualitative
synthesis resulting in a total of 7 studies in this
systematic review.
The Prisma-Flow diagram in Figure 1
illustrates the searching process.

Table 4. Assessment risk of bias.
Statistical analysis
Data was analyzed using SPSS version
25.0 (SPSS Inc., Chicago, IL, USA). The pooled
analysis was performed for the common of data
categories among the studies. A random effects
model was selected due to the presumed
variability in the trials. The intersection of the
Volume ∙ 15 ∙ Number ∙ 1 ∙ 2022

Figure 1. The picture of PRISMA flow diagram.
The characteristics of the 7 included trials,
including their methodologic quality, are
summarized in Table 5.20-26
Ahmad et al, studied obstructive sleep
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apnea (OSA) risk in adolescent population and
its association with the subjects’ craniofacial and
upper airway morphologies. From 60 subjects, 30
subjects were in in OSA risk group and 30
subjects were in non-OSA-risk group. Modified
STOP-BANG questionnaire was used for
screening OSA-risk in adolescent orthodontic
patients (10–19 years). The mean age of
participants in the current study was 16 ± 3.4.
The sex distribution of participants was 19 girls
and 11 boys for participant group and 20 girls
and 10 boys for control group. Cephalometric
analysis was performed to define skeletal and
upper airway variables. Cephalometrically, the
upper airway measurement by PNS-AD1 =16.5
mm. ± 3.8 in OSA group, 20.2 mm. ± 3.4 in NonOSA group. The lower airway measurement by
PNS-AD2 = 13.7mm. ± 3.6 in OSA group, 17.2
mm. ± 3.9 in Non OSA group. The results
showed a significant difference between OSArisk and non-risk. Parameters PNS-AD1 and
PNS-AD2
exhibit
statistically
significant
differences of 3.7 and 3.43 respectively (p <
0.001) between OSA-risk and non-OSA risk.
Other cephalometric variables (SNA 82.9 ± 4.5,
SNB 78.7 ± 4.9 ANB 4.3 ± 2.9 in OSA group and
79.5 ± 4.0, 82.8 ± 3.8, 2.8 ± 2.2 in non-OSA
group, respectively), exhibit higher values in
OSA-risk than non-risk but are not highly
significant.20
Ahn et al., in the present report was to
evaluate the treatment efficacy and stability of
modified MMA surgery in an obstructive sleep
apnea growing patient. They used the follow-up
results
from
the
questionnaire
and
polysomnography to confirm the obstructive
apnea. The cephalometric analysis used the
result from 2-dimensional cephalometry and 3dimensional cone-beam computed tomography
measurements. The sample in this case report
was an 11.1-year-old girl. Lateral cephalometric
analysis was performed to evaluate the presence
of craniofacial morphologic anomalies which was
a retrognathic mandible (SNB=77°) and
parapharyngeal
soft
tissue
abnormalities
(Superior posterior airway space= 9, Ad1PNS=24, Ad2-PNS=19.5) which are considered
risk factors for OSA. This patient also had a
skeletal type II with hyperdivergent pattern and
class ll malocclusion. 21
Bergamo et al, studied adenoid
hypertrophy, craniofacial morphology in apneic
children. In their study, they selected the OSA
Volume ∙ 15 ∙ Number ∙ 1 ∙ 2022
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group from the Mouth Breathing Center from the
Pedodontic
Clinic,
followed
by
an
otorhinolaryngologic evaluation on each patient
to confirm the breathing pattern. The children
with suspected OSA underwent nocturnal
diagnostic polysomnography according to
American Academy of Sleep Medicine (AASM).
Only children with an AHI > 1 were included in
the OSA group, 21 children (10 girls, 11 boys)
with obstructive sleep apnea (OSA) between 6
and 10 years of age (mean age 8.15) and 22
children (10 girls, 12 boys) nasal breathing
(control group) between 6 and 9 years of age
(mean age 7.47) were included. Using the
cephalometric analyses, the maxilla was in the
orthognathic range (SNA) and the mandible
showed a slight retrognathic tendency (SNB).
The OSA and control group showed skeletal
class I characteristics (ANB) with no statistical
differences. The airway measurement in the
palatine plane (PPW1; linear distance from the
anterior to posterior pharyngeal walls) was
statistically different between the groups (16.31
for OSA vs. 20.84 for the controls).22
Geleotti et al, in the study in the
correlation between the cephalometric variables
and obstructive sleep apnea index in pediatric
patients investigated the correlation between
upper airway dimensions and maxillomandibular
skeletal discrepancy.
The sample selection
based on the inclusion criteria are as follows:
reported OSA symptoms (such as snoring,
gasping of air, apnea events during the night),
significant obstructive apnea events (Obstructive
Apnea Hypopnea Index - OAHI - ≥1.5. The
sample size was 47 obstructive sleep apnea
patient children (mean age±SD= 5.75±1.99
years). The subjects were 23 males (48.9%) and
24 females (51.1%). Cephalometric analysis was
performed to define skeletal and upper airway
variables. Positive associations with statistical
significance were found between OAHI
(events/h) and maxillomandibular discrepancy
expressed by the ANB angle (p=0.023). There
was significant correlation between upper
airways dimensions and maxillomandibular
discrepancy expressed by the ANB angle.27
In the study of Lee et al, they examined
craniofacial, dental arch morphology, and
characteristics in preschool children with mild
obstructive sleep apnea. They selected the
children who passed the inclusion criteria for the
test group with primary dentition and a diagnosis
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of
mild
OSA
confirmed
by
overnight
polysomnography. The test group comprised of
16 preschool children (11 boys, 5 girls; mean
age: 5.14 years old; mean ahi: 2.02) with
confirmed polysomnographic diagnosis of mild
OSA. 10 control subjects also underwent
polysomnography (5 boys, 5 girls; mean age:
5.18 years old; median ahi: 0.43). Lateral
cephalometric radiographs were measured and
found that in the mild OSA group, there was a
significantly larger anteroposterior maxilla and
mandible discrepancy (ANB angle, p = 0.015)
and a reduced SNB angle (p = 0.045). The
dimensions of the upper airway, soft palate and
tongue, and the position of the hyoid bone There
were not significantly difference in upper airway
between the mild obstructive sleep apnea and
controls group.
But The significantly larger
discrepancy between the anteroposterior maxilla
and mandible was found between mild
obstructive sleep apnea children and control
group. The mild obstructive sleep apnea group
also had a bigger overjet and a more retrognathic
mandible. 24
Purwanegara et al., studied the
correlation between snoring and apnea with
Obstruction of Upper Respiratory Tract (OURT).
The inclusion criteria were; living in Jakarta with
the Deutro-Malay race, age 9-15 years, generally
good health, diagnosed OSA by ENT and
questionnaire. The total subjects were 285 OURT
patients divided into two groups of age, first
group was 12-15 years old (165 subjects), and
the second was 9-11 years old (120 subjects).
The measurement of nasopharyngeal space was
performed based on lateral cephalometric
radiography. The McNamara modification line
indicated no significant difference between apnea
and no apnea during sleep in both age groups of
OURT participants.. 25
Quo et al., performed a preliminary study
to investigate the use of bone anchored maxillary
protraction (BAMP) as a strategy to treat
maxillary retrusion, malocclusion and children
with OSA. The subjects were 15 children, ages 916 years with maxillary retrusion and a resulting
malocclusion using titanium bone anchored
miniplate implants to protract the maxilla forward.
All children were screened for OSA by the
American Academy of Sleep Medicine (AASM)
guideline for sleep and wakefulness and the
respiratory variables: apnea, hypopnea, lowest
oxygen saturation and calculation of an apneaVolume ∙ 15 ∙ Number ∙ 1 ∙ 2022
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hypopnea index (AHI). Lateral cephalograms
were taken on all subjects. Cephalometric
measures included skeletal and pharyngeal
airway dimensions by Dolphin imaging software.
When compared to an age and sex matched
untreated control group, BAMP treatment
improved respiratory and airway parameters in
OSA children, with a very significant shift in the
forward position of the upper jaw and expansion
of the nasopharyngeal to oropharyngeal junction.
In the OSA group with BAMP, the anteriorposterior
length
at
the
nasopharyngeal/oropharyngeal transition region
increased substantially. They indicated that
BAMP might help OSA patients with maxillary
retrusion because of the expansion of the
nasopharyngeal airway. 26
Uslu-Akcam et al. compared the
dimensions
of
nasopharyngeal
and
oropharyngeal in skeletal class II, division 1 and
division 2 patterns individuals during the growth
periods for comparison with a skeletal class I
individuals. One hundred and twenty-two lateral
cephalograms from 47 subjects of skeletal class
I; 45 subjects of skeletal class II, division 1; and
32 subjects of skeletal class II, division 2. The
growth periods were in the duration of pre-peak,
peak, and post-peak puberty. The measurement
included Thirteen landmarks, 4 angle and 4 linear
dimensions. The final 4 proportional calculations
were obtained. The SNB angle was different
among the groups. There was significant
difference in ANB for all 3 groups.
The
nasopharyngeal airway space presented the
significant increase in the skeletal class II group.
The naso-oropharyngeal airway dimensions
showed a statistically significant difference
among the class II, division 1; class II, division 2;
and class I groups during different growth periods.
During different growth stages, the nasooropharyngeal airway dimensions exhibited a
statistically significant difference between the
class II, division 1; class II, division 2; and class I
groups. 28
Discussion
There have been several lateral
cephalometric studies in OSA. Galeotti et al.
analysed the correlation between cephalometric
variables and OSA severity in children. According
to their findings, increased obstructive sleep
apnea index was linked to skeletal discrepancy
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as measured by the ANB angle. The ANB angle
was a crucial cephalometric statistic for
determining the maxillomandibular discrepancy in
both sagittal and vertical directions. In sagittal
direction, a skeletal Class II malocclusion was
defined by an increased in the ANB angle. In the
vertical direction, it showed a clockwise rotation
of mandible. 27 Schiffman et al. investigated the
size of the mandible in children with obstructive
sleep apnea syndrome. They found that the size
of mandible was not a distinguishing
characteristic in children with obstructive sleep
apnea with no visible craniofacial deformities.
The mandible's position might still be a significant
anatomical occurrence of children with
obstructive sleep apnea. 29
There was an
observing a positive correlation of an increased
ANB and the pharyngeal airway bone. 30 Ahmad
et al reported significant association of reduced
PNS- AD1 and PNS- AD2 distance in pediatric
OSA patients from a lateral cephalometric
parameters study. 20 Furthermore, children with
obstructive sleep apnea may have a narrower
upper airway anteroposteriorly at the level of the
posterior nasal spine.
However, when
adenotonsillar hypertrophy is combined with
additional variables such as craniofacial
abnormalities, lower upper airway muscle tone,
and neural reflexes, obesity, or heredity, a
clinically substantial dynamic airway blockage
may exhibit.31
Many of the clinical characteristics of
pediatric OSA and the determinants of its
epidemiology differ from those of adult OSA. The
diagnostic criteria for OSA in adults have been
determined by expert consensus and often
include an AHI of 5 or greater on the nocturnal
polysomnogram and evidence of disturbed or
unrefreshing sleep, daytime sleepiness, or other
daytime symptoms. AHI cut points of 5, 15, and
30 events per hour have been suggested to
indicate mild, moderate, and severe levels of
OSA. However, the rationale for specific AHI
diagnostic criteria for children suffers from less
available data and more heterogeneity across the
studies. As yet, no international consensus has
been reached regarding the AHI cutoff values for
therapy initiation. At present, an AHI 1 to 5
events per hour has been most often used in
research to identify children with OSA.32 An
unequal male to female ratio in sample size, an
unequal male to female ratio in sample size may
also have an effect on the results. However, in
Volume ∙ 15 ∙ Number ∙ 1 ∙ 2022
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the study of Angela Galeotti et al., they found that
OSA showed the same prevalence in male and
female patients similar to previous findings
reporting that, in the prepubertal period, there is
no gender difference in the incidence of OSA.33
The lateral cephalogram, which was
recorded in an upright position with the teeth in
occlusion while the patient was aware, was one
possible complicating factor in evaluating
craniofacial
morphology.
Sleep-disordered
breathing in children was studied under supine
circumstances, where muscular tone loss might
occur during sleeping. It was unclear whether
the variation in orientation had a little influence in
children with sleep-disordered breathing and
whether the state of awareness affects upper
airway measures. It is suggested that research
techniques be standardized even further. In
addition, while polysomnography, the gold
standard for confirming OSA, is costly and timeconsuming,
questionnaires
and
lateral
cephalograms are a feasible, cost-effective,
conveniently accessible, and more practical
approach for screening OSA risk. However, in
recent
years,
3-dimensional
cone-beam
computed tomography (3-D CBCT) has been
rated superior in terms of airway visualization
and image processing, although 3-D CBCT is still
not as common as 2-D cephalograms due to the
greater cost and radiation dosage.
Limitations
From PRISMA 2009 Flow Diagram, we
found only 7 of 1,290 studies in this systematic
review that were included in qualitative synthesis.
1 of 7 studies were rated as having a moderately
strong evidence level. 5 of 7 studies were rated
as having a limited evidence level. No study was
assessed as providing strong evidence. Limited
evidence level could have biased the results at
the final summary.
The sample size is relatively small
because of the low prevalence of the disease
and the challenge in getting patients of young
age to cooperate. It is more difficult to reach a
level of difference that is statistically significant.
There are some limitations of the study.
Cephalometric analysis was used in all studies to
define skeletal and airway dimensions. Because
of lateral cephalograms are 2-D images of a 3-D
anatomical complex, the changing from upright to
supine position alters the upper airway space in
OSA patients. It was reported that the pharyngeal
airway area on a lateral cephalogram strongly
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correlates with volumetric data on cone-beam
computed tomography (CBCT) images but lateral
cephalogram can provide precise information in
estimating tongue and pharynx volumes with a
lower radiation dose.
We hope that this systematic review will
be assist future studies in pediatric obstructive
sleep apnea related to dental field which can be
another screening procedure.
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and pediatric sleep-disordered breathing. There
was significant correlation between upper
airways dimensions and maxillomandibular
discrepancy. Maxillomandibular discrepancy
expressed by a significantly larger ANB angle.
The maxilla was in the orthognathic range (SNA).
The mandible showed a slight retrognathic
tendency (SNB). The upper airway measurement
showed a significant difference between OSA
group and non-OSA group.

Conclusions
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an association between craniofacial disharmony

Volume ∙ 15 ∙ Number ∙ 1 ∙ 2022

The authors report no conflict of interest.

Page 419

Journal of International Dental and Medical Research ISSN 1309-100X
http://www.jidmr.com

Craniofacial and upper Airway Morphology
Ann Chianchitlert and et al

Table 5. Characteristic of included studies.
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