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Evaluation of Midpalatal Suture Maturation
Stages among Adolescents and Adults using
Cone Beam Computed Tomography

Prafen Pokhrel* Rabindra Man Shrestha** Jyoti Dhakal***

Ujjawal Pyakurel**** Kerishna Kansakar*****

Abstract

Background: Transverse maxillary constriction is commonly found in skeletal discrepancies. Growth
of the maxilla in the transverse plane is reflected by midpalatal suture maturation status. Previous studies
attempted to assess the midpalatal suture maturation. However, literature of the evaluation of MPS maturation
using cone beam computed tomography (CBCT) still was limited. Objective: The purpose of the study was
to evaluate the different maturation stages of midpalatal suture among adolescents and adults using CBCT.
Materials and methods: The sample comprised 200 CBCT reports of subjects. The images were exported to 3D
imaging software, where axial sections were used for the suture maturation stages evaluation. The investigators
interpreted the images to establish the staging of suture maturation according to the morphologic characteristics
in five maturational stages (A to E). The statistical analysis was performed (P < 0.05). Results: The most
frequently observed maturational stage in midpalatal suture was stage D (52 %), followed by stage C (22.50 %)
and stage E (22.50 %) in mixed age samples. Males showed a higher occurrence of stage D (56.31 %)
compared to females (43.69 %). Conclusion: Stage D was the most common maturation stage observed.
The common occurrence of stage D in the study group indicates a greater likelihood of open midpalatal suture
in adolescents and young adults.

Keywords: Cone beam computed tomography, Maturation stages, Midpalatal suture
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Introduction

Anatomically, a suture is a fibrous joint that
connects the bone." Midpalatal suture (MPS) starts at
posterior site of the palatomaxillary suture and extends
longitudinally to the nasopalatine foramen on the
palatal bone.” Sicher emphasized the importance of
sutures in craniofacial growth and adaptation in early
1940’s." Melsen’s study identified three developmental
stages of the median suture in histological sections,
which included a broad and Y-shaped stage, a sinuous
stage, and an interdigitating stage.” Angelieri et al.
defined five stages of maturation for the midpalatal
suture based on cone beam computed tomosgraphic
images, labeled as stage A, B, C, D, and Ef

Transverse maxillary deficiency is a common
skeletal discrepancy. About 30 % of adult patients
present with transverse maxillary constriction.” Previous
study have shown that the growth of MPS is the most
important factor for determining the transverse width
of the maxilla.” Lack of growth in adults limit the
option for functional orthopedic intervention. However,
miniscrew assisted rapid palatal expansion (MARPE),
surgically assisted rapid palatal expansion (SARPE), and
orthognathic surgery are possible options for correcting
the transverse skeletal deficiencies in adults.*® MARPE
was effective in 92.5 % of late adolescents and adults
for correcting transverse malocclusion.” Many studies
have shown variability in maturation of MPS which
are essential to predict the effect of rapid maxillary
expansion in adolescents and adults.***’

The research question in the present study is
whether the age difference is a reliable parameter to
determine the developmental status of midpalatal
suture. Thus, the aim of the study was to assess various

maturation stages of midpalatal suture using CBCT.

Materials and methods

An observational cross-sectional study using the
secondary data was conducted at the Department of

Orthodontics, Kantipur Dental College and Hospital,

Kathmandu during March-April 2022 after obtaining the
ethical approval from institutional review committee
(Ref No. 6/022). The sampling technique was random
sampling. A total of 200 subjects meeting the inclusion
criteria were selected for the study. The subjects were
aged between 10-55 years with the good quality CBCT
images showing the entire palate. Subjects with the
record of craniofacial trauma, craniofacial neoplasm,
craniofacial deformity, and a history of previous
orthodontic/dentofacial orthopedic treatment and
orthognathic surgeries were excluded. The data for
sample size calculation was based on the study done

by Angelieri et al.*
2
N=2=174
e

Where, N = minimum sample size, Z = 1.96 at 95 %
confidence interval, p (prevalence) = 13 % prevalence
of stage C of midpalatal suture maturation, g = 1-p, and
e = maximum tolerable error of 0.05. The sample size
was determined as 200 summing the 10 % permissible
error. Data information sheet was used to collect
the information from the samples. CBCT scans of
the maxilla obtained from the Department of Oral
Radiology, Kantipur Dental College and Hospital were
used. Scans obtained using the standardized protocol
at 85 kV, 6.3 mA, 11.30 second, voxel size of 300 and
17x13 cm field of view. Using Carestream 3D imaging
software version 3.5.18, the scan was exported and
read on orthogonal slicing view which were evaluated
in a standardized way. The subject’s head was adjusted
such that the palatal bone was assessed at the central
incisor region with the horizontal reference line in the
median region of the palate in the sagittal section.
In CBCT scans, the palate appeared as a single thin
radio opaque line; hence, the horizontal reference
line was placed as close to the center of the radio
opaque palate. Axial section of the CBCT was used
for the classification of maturation stages (Figure 1).
The visualization and classification of the maturation stages
of the MPS (Figure 2 and 3) was conducted according to

the method of Angelieri et al.” Suture maturation
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Figure 1 CBCT image in sagittal, coronal and axial section

(Image source: From the study samples)
! | °

i AN oV

Stage A Stage B Stage C Stage D Stage E

Figure 2 Schematic drawing of the maturation stages observed in the midpalatal suture

(Redrawn from Angelieri et al’s study”)

Suture visible along both

the maxillary and palatine
bones

Yes No

High-density lines along Suture visible along the
the suture maxilla only

One Scalloped
line visible
Yes

No

Figure 3 Decision tree for classification of the maturation stages of the midpalatal suture

(Modified from Angelieri et al’s study”)
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104
(52 %)

N = 200
a5
(22.5%)
| Stage B
B Stage C
Stage D
B Stage E

Figure 4 Distribution of midpalatal suture maturational stages

stages were determined according to age groups i.e.
adolescents, young adults, and adults as per the
classification of World Health Organization and Proffit
et al.”"°

Data management and analysis was done using
SPSS version 21 (Armonk, NY: IBM) Three investigators
interpreted the images to establish the staging of suture
maturation according to its morphologic characteristics
in five maturational stages (stage: A, B, C, D and E) as
proposed by Angelieri et al. The kappa statistics was
applied for inter-examiner measurement error with

kappa value of 1 as the total agreement.

The sample comprised of 200 CBCT reports of
114 male and 86 female subjects aged 10 to 55 years
(mean age = 26.69 + 10.03 years); which was further
classified in three age groups: adolescents (10 to 19
years), young adults (> 19 to 35 years) and adults
(> 35 years). The maturational stage most often
observed in the study was stage D (N = 104). Stage A was
not reported in the study. The frequency distribution
of subjects with respect to MPS maturation stages is

given in Figure 4. Stage D was the most prevalent (52 %),

following by stage C and E (22.50 %), and the least
was stage B (3 %).

Regarding the distribution of age groups in
maturation stages (Table 1). No individuals were found
in stage A across any age group. Among adolescents,
stage C was most prevalent (56.75 %), followed by
stage D (24.32 %), stage B (16.21 %), and stage E (2.70 %).
In young adults, stage D became the most prevalent
(64.44 %), followed by stages C and E (17.77 %
each). Adults only displayed stages D and F, with stage
F being the most prevalent (71.42 %) compared to
stage D (28.57 %).

It was noteworthy that stage B was exclusive
to adolescents, while stage C appeared in both
adolescents and young adults. Stages D and E were
presented in all age groups. Interestingly, the most
prevalent stage shifted across age groups: stage C in
adolescents, stage D in young adults, and stage F in
adults.

Figure 5 displayed the frequency distribution of
suture maturation stages by gender. Males exhibited
a higher frequency than females across all maturation
stages. Stage D was the most common stage for both

genders compared to other stages.
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Table 1 Distribution of age groups in maturation stages

Adolescents 6 (16.21 %)

(n = 37)

Young adults 0 0
(n = 135)

Adults 0 0
(n = 28)

Total 0 6
70
60
50
40
30

5 (55.5 %)
20
20 (44.4 %)
10 4(66.6 %)
2(33.3 %)
0 || -
Stage B Stage C
M rFemale

(56.75 %) 9 (24.32 %) 1 (2.70 %)

24 (17.77 %) 87 (64.44 %) 24 (17.77 %)

0 8 (28.57 %) 20 (71.42 %)
45 104 45
8 (56.7 %)
5(33.6 %)
26 (57.7 %)
19 (2.2 %)
Stage D Stage E
M Male

Figure 5 Distribution of midpalatal suture maturation stages between genders

Discussion

This study aimed to evaluate the maturation
stages of the midpalatal suture, with a specific focus
on its potential benefit in treatment cases involving
transverse maxillary deficiencies. Transverse maxillary
deficiencies themselves constitute a common skeletal
Rapid

maxillary expansion (RME), an orthopedic procedure,

discrepancy encountered in clinical practice.”

is a routine protocol to correct transverse maxillary
constriction in patient with MPS opening. However, in
patients with full MPS ossification, MARPE and SARPE

has been recommended.*®"®

The approximated age limit to shift from RME to
MARPE or SARPE is not stated clearly in the literature.
Several studies recommend the use of RME before
puberty.®®” On contrary, study by Persson and Thilander
have shown the patients with open sutures even at
the ages of 27, 32, 54, and 71 years." Thus, according
to the authors; chronological age is not a reliable
parameter to determine the developmental status of
the MPS.*!! In 2013, Angelieri et al* proposed a method
of classification of MPS maturation stages using CBCT. It
is a simple and reliable parameter for clinical decision

making and does not differ between various machines.
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In the present study, No stage A was found in
sample aged 10 to 55 years. This finding may be linked
to a faster rate of skeletal maturation observed in the
Asian population.'” Stage D was the most commonly
found, followed by stages C and E. Angelieri et al,
demonstrated similar results, with the most frequent
stage being stage D, followed by E, C and B in adults.
However, the result obtained by Ladewig et al'”in 2018
was different from the present study, where stage C
was most frequently observed.

Previous literature® aligned with the present
study in reporting observations of stage B up to 13
years of age. Notably, young adults exhibited the
highest prevalence of stages C and D, while stage E
was more prevalent in adults, as expected. This finding
aligned with the understanding that these latter stages
represent the partial or total ossification of the suture.
According to Angelieri et al,* 84.4 % of the subjects
above 18 years were in stage D or E. This value is
higher compared to the present study, where 69.5 %
of subjects above 18 years were presented with stage
D or E of sutural maturation. This difference may be
attributed to genetic or environmental factors and
variations in the samples."

A prior study suggested that, though there is
a chance for RME treatment in young adults; age and
gender factors deemed important but are not always
the reliable parameters for determining MPS fusion in
clinical decision-making."'

The assessment of midpalatal suture maturation
using CBCT classification method® may provide reliable
information for clinical decision between RME or SARPE.
Based on the proposed staging method® suggested
conventional RME approach in stages A and B, with
more skeletal effects observed than in stage C.
Whereas, MARPE and SARPE are better treated in stages
D and E because of the total or partial fusion of the

midpalatal suture.

In the present study, the CBCT data collected
were limited to a single center. Thus, the results
obtained could not be generalized to the larger
population. It is recommended for a prospective study
with a larger sample to assess the reliability of this

classification method.

Conclusion

An evaluation of midpalatal suture maturation
stages in a Nepali sample revealed that stage D was
the most prevalent, followed by stages C and E.
Furthermore, males exhibited a higher prevalence of
stage D compared to females. These findings suggest
an increased likelihood of an open midpalatal suture in
adolescents and young adults, implying that age is not
a reliable indicator for determining the developmental

status of the midpalatal suture.
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Comparison of Anterior Maxillary Root Surface
Areas in Patients with Normal Overjet and Large
Overjet using Cone Beam Computed Tomography

g0 vaNATIY AnAnSy NuasIIN® Wieun WIYMIA* Uns Bumsiann* efwe IsTmunsna*
Suchada Limsiriwong* Khitparat Kamoltham* Hataichanok Charoenpong**

Rutapakon Insawak* Apichart Veerawattanatigul*

Abstract

Background: Root surface area is related to orthodontic force magnitude used to induce alveolar
bone remodeling with minimize periodontal damage. These detriments are highly concerned especially in anterior
teeth that often needed to be retracted. Objective: To compare root surface area of maxillary anterior teeth
between patients with normal overjet and large overjet. Materials and methods: Twelve cone beam computed
tomography (CBCT) images of each group were used. Three-dimensional construction of each tooth was created
using Mimics software. The surface area apical to cemento-enamel junction was measured and calculated as
root surface area using 3-Matic software. The data was analyzed with descriptive analysis. Results: Mean age of
the patients was 19.75 + 2.25 years. Mean root surface area of maxillary anterior teeth ranged from 181.32 to
282.16 mm? The mean root surface area of maxillary central incisor, lateral incisor, and canine in normal overjet
patients were 199, 181 and 249 mm? respectively. While the mean root surfaces in large overjet patients were
210, 197, 282 mm? respectively. Conclusion: The root surface areas of maxillary lateral incisor and canine
in large overjet patients were significantly greater than in normal overjet patients. However, there was no
significant difference in maxillary central incisor. These findings presented that the difference overjet pattern
might associated with the root surface area of maxillary lateral and canine.
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Introduction

Orthodontics is the dental science to move
the teeth to their proper position. It allows a better
masticatory distribution and improves cleansing
ability in the oral cavity. Hence, it requires a mutual
understanding of the treatment plan between
the dentist and the patient. The main purpose of
orthodontics is to achieve the desired tooth position
with the least harm to the periodontal support as it
could be accomplished by using a light force to conduct
proper alveolar bone remodeling.! Therefore, knowing
the root surface area needed to move will allow the
operator to use a proper magnitude of the force to
minimize side effects such as root resorption, decreased
alveolar bone crest level, or gingival recession. It has
been argued that the relative size of the root(s) may
indicate a tooth’s resistance to an orthodontic force
or the anchorage value.”” The anterior teeth are
highly needed to be retracted for a better position or
aesthetic concern, especially for patients with large
overjet. As the previous study indicated patients with
large overjet are at higher risk of root resorption. If the
large overjet is diagnosed at an early age, interceptive
orthodontic treatment may aid in improving the overjet
and overbite at an early and hence enhance dental
and periodontal health. We can prevent the sequel
to occlusal hypofunction by early interception. Their
study conveys that careful diagnosis and intervention of
such type of malocclusion is required at an early age.
Late intervention requires efficient treatment planning.
Adequate diagnosis and lighter force application should
hence be considered while planning the treatment
of such cases.* And the experimental findings in rat
molars have included external root resorption during
tooth movement, in association with hypofunc‘cion.3

In a vertical dimension, Suteerapongpun and
co-worker’ reported that a smaller root surface area
can be found more often in the anterior open bite
group that lacks functional force or bite force in

comparison with the normal overbite group, normal

functional force. Self® reported a study that found
a significant correlation between bite force or functional
force and tooth formation presented by crown shape,
crown size, root shape, and root length. A larger root
surface area was observed in harder diets consumer
bat species. The results from the study indicated that
the tooth root and crown size varied in response to the
magnitude of occlusal loads. Determining the relation
between root size and bite force production supports
the hypothesis that functional force production may
have a strong role in inducing root development.
Normal occlusal loading and function are
responsible for developing dental root, alveolar bone,
and supporting tissue. It provides the required stimulus
for adequate root and alveolar bone formation.
Occlusal hypofunction decreases alveolar bone
mass, accelerates bone resorption, causes deficient
root development, and leads to atrophic changes
in the periodontal ligament, such as narrowing of
the periodontal space, vascular constriction, and
deformation of the mechanoreceptors. According
to experimental findings performed on rat molars,
external apical root resorption was associated with
hypofunction, and atrophic changes were seen in
the periodontium.”" Several previous studies have
reported that individuals with anterior open bite had
a tendency to develop short dental roots from the
incisors to the premolars that could be associated
with occlusal hypofunction or loss of occlusal contact.’
In a horizontal dimension, the amount of anterior
overjet is associated with anterior functional force while
chewing. In the case of patients with large overjet of
more than 4 mm, no incisor contact, and less anterior
function is observed in most patients. We presumed
that they may have diminished occlusal force induced
in anterior teeth in comparison with a patient with
normal overjet. The difference in occlusal force level
may result in a difference root surface area related
to length and size of dental root formation apart of

gender, race, age, etc.
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In the past, the root surface area could
be measured by manually indirect technique
measurement from cadaver’s teeth or extracted
tooth such as membrane technique,'” Sectional Lucite
block with 3D computer plot."” The process of data
collection was difficult, thorny, and more chance of
error. Nowadays by importing cone beam computed
tomography (CBCT) image into simulation software
as Mimic and 3-Matic to convert the Digital Imaging
and Communications in Medicine (DICOM) format
to the Stereolithography (STL) format. The software
were utilized to calculate root surface area without
prior tooth extraction.”™ "’

Concerning about orthodontic force applied
for orthodontic tooth movement, determined by the
average of the root surface area of each tooth type, but
had no report about same tooth type with difference
functional condition. So the objective of this study is
to compare the root surface area of maxillary anterior
teeth between the patient with normal functional
condition (normal overjet) and diminished functional

condition (large overjet).

Materials and methods

This study was approved by the Ethics Review
Board of Rangsit University (COA. No. RSUERB2019-016).
All participants provided informed consent before
participating in this study.

The sample size was calculated using G*Power
program'® to detect the mean difference between
two independent groups with an effect size of 0.8 at
a significance level of A = 0.05, and the power of test
(1-B) = 0.8. The calculation required at least 21
samples for each tooth type group. Each CBCT image
contained right and left sides of three tooth type of
upper anterior teeth. Therefore, this study utilized 24
tooth/each tooth type (central incisor, lateral incisor
and canine) from the subjects with normal and large

overjet.

The CBCT image was selected from data base
taken in July 2012 until July 2017. Pre-treatment
CBCT images of twelve Thai orthodontic patients with
normal overjet (overjet between 2-4 mm) and twelve
patients with large overjet (overjet > 4 mm) were

enrolled in the study.

Each tooth had to fulfill the following conditions:

1) Patient’s age ranges from 18 to 25 years.

2) The root must be completely developed.

3) The root should not deviate from the normal
shape.

4) Non-occluded anterior teeth in large overjet
patients group.

5) No history of orthodontic treatment.

6) No presence of severe craniofacial anomalies.

7) No presence of periapical or bone lesion in
radiographic image.

8) No previous trauma in the upper anterior

region.

Creating research tools

AWl CBCT images were produced using a ProMax
3D machine (Planmeca OY, Helsinki, Finland) at 84 kVp,
10 mA, on an 8x8 cm field of view, and a voxel size
of 0.16 mm. All images were categorized by types of
teeth as follows: maxillary central incisor, maxillary
lateral incisor, and maxillary canine. Subjects were
positioned in the cephalostat and horizontal occlusal
plane.

Each CBCT image was converted from a DICOM
format to an STL format by Mimics software (version
15.01, Materialise, Leuven, Belgium), which allowed
the production of 3-dimensional photographs. All
crowns and roots of the anterior maxillary teeth
(central, lateral, canine) were subtracted from the
rest of the skull by manually removing the pixels
of supporting structures from sagittal, coronal,
and axial planes (Figure 1). Once each tooth was
subtracted intentional extension spine markings were
added manually to identify the Cemento-enamel

junction (CEJ) after 3-dimensional dental reconstruction.
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Data Collection

Each 3-dimensional dental image was labeled
on the CEJ, followed by intentional extension spine
marking. All images were then exported to anc
measured, one by one, the surface area apical to the
CEJ to define the root surface area by 3-Matic software
(version 7.01, Materialise, Leuven, Belgium) (Figure 2).
The root surface area of each selected tooth was

measured twice to determine the value.

Data Analysis

All data was tested for normality. The errors of
the method and the reliability of the measurements
were tested. Twenty-four CBCT images of maxillary
jaws were randomly selected and re-measured by
the same examiner in a four-week interval. There
was excellent reliability between the first and the
second root surface area measurements by the same
examiner as calculated by the intraclass correlation
coefficient more than 0.98. SPSS version 16.0 (SPSS
Inc., Chicago, Illinois, USA) was used to analyze the
data by descriptive analysis to define the mean and
standard deviation of all measurements. The results
were considered to be statistically significant at
P < 0.05. A paired t-test was applied in the analysis to
evaluate the difference between measurements on

the right and the left sides. An independent t-test was

also used to compare the mean values of all collected
measurement from patients with normal overjet

(2-4 mm) and large overjet (> 4 mm).

The mean age of the patients was 19.75 + 2.25
years. The t-test analysis between left and right sides
of central incisor, lateral incisor and canine is P =
0.022, P =0.188, and P = 0.119, respectively. It’s show
there have no difference between left and right lateral
incisor and canine but they have significant difference
between left and right central incisal. The mean and
standard deviation of the root surface area of maxillary
central incisor, lateral incisor, and canine in normal
overjet patients were 199.06 + 20.43, 181.32 + 23.42,
and 249.01 + 46.01 mm’ respectively along with
21037 + 31.89, 197.70 + 28.63, 282.16 + 54.51 mm’

respectively in large overjet patients (Table 1).

The result showed the mean root surface area of
maxillary anterior teeth ranged from 181.32 to 282.16
mm? The largest root surface area was observed in the
canine of patients with large overjet (282.16 + 54.51
mm?) while the smallest root surface area was observed
in the lateral incisors of normal overjet patients
(181.32 + 23.42 mm?).

2
“
LJQ

Figure 1 Digital imaging and Communication in Medicine

(DICOM) dataset of the patients were imported into

Mimics® Innovation Suite 15.01 and reconstructed

into 3-dimensional images.

Figure 2 The root surface area of each
tooth is calculated using the

3-Matic software (green area)
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Table 1 The root surface area of each type of maxiLLary anterior teeth

Tooth t o ; Min Mean Standard
00 e verje
YP [ (mm?) (mm (mm?) deviation

Central Normal 160.49 230.68 199.06 20.43
e )y Large 24 168.91 277.17 21037 31.89
Lateral Normal 24 142.55 219.62 181.32 23.42
el et Large 24 155.73 262.42 197.70 28.63
Canine Normal 24 163.25 322.29 249.01 46.01
Large 24 201.52 389.02 282.16 54.51
**p =0.027
390 I I
S 365
£ 340 **p = 0.035
£ ' '
~ 315
©
Y 290
©
8 265 -
.g 240
3 215
(%]
"6 190 181.32
¢° 165
140
Central incisor Lateral incisor Canine

Experimental teeth

** Significant difference: P < 0.05, NS: Non-significant difference: P > 0.05

Figure 3 Box plot showed root surface area of maxillary anterior

teeth in normal and large overjet patients.

The root surface area of maxillary anterior teeth
in a patient with large overjet was significantly greater
than those in normal overjet in those of lateral incisor
and canine (P = 0.035 and P = 0.027 respectively, Figure
3). But they had no significant difference in central

incisor.

Discussion

Our CBCT-based investigation indicated that
the maxillary canine acquired both groups’ largest
root surface area and the smallest root surface area
observed in the maxillary lateral incisor as same as

2,4-5

the previous studies.””” However, when compared

between the normal and large overjet groups, the
mean root surface area of anterior teeth in the large
overjet group is greater than the normal one. This
finding was in contrast with the study on vertical
problems by Suteerapongpun,’ as we presumed that
due to less occlusal contact, the anterior function
in the large overjet group should be diminished
as in open bite patients. Suteerapongpun’s study
has concluded that the root surface area of anterior
teeth in the open bite patients is smaller than the
normal bite group. Their study pointed out our
weakness in the clinical data insufficiency from failing
to follow up on the patient’s functional masticatory

records. Additional factors, including those that affect
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mastication or a force-induced root formation,®**" such
as patients’ dental habits that encourage anterior
protrusion causing large overjet, should also be
considered.

In large overjet patients, the protruded lateral
incisor and canine position may induce a longer root
length than in normal overjet patients. Longer root
length could lead to a larger root surface area, as
observed in this study. Further investigation the root
length measurement is recommended to confirm these
hypotheses. In contrast, several studies™" reported
that patients with anterior open bite tended to develop
short anterior dental roots and it was related to small
root surface area supported Suteerapongpun’s study
therefore, disclose the case our hypothesis based
on the reported result of open bite patients was
not achieved and the result was coming out in the
opposite way. Many studies reported that important
confounding factors such as gender, race, and patient
age (regarding root development) can affect the root
surface area. For instance, gender-related differences in
the root surface area of maxillary canines are larger in
males than in females."™" Therefore, we hypothesize
that root variations may influence the value of RSA.
This was further potentiated by the meta-analysis
performed by Hujoel in which significant heterogeneity
was noted in various samples under investigation.”
So, we designed to collect the sample between two
groups with similar age, number in gender, and racial
backgrounds to reduce these confounding factors. All
anterior teeth from central to canine of all subjects
were used to reduce selection bias. The measurement
technique we used was proved by Tasanapanont™
and the high-reliability score reported shows less
measurement bias in our method.

From our study, the root surface area of the
central Incisor shows a non-significant difference
between normal and large overjet groups. From our
point of view, we can discuss it in two ways. Focus on
form and function theory; the central incisor usually

has incisor contact while cutting and tearing food

or some purposes, even in patients with normal or
large overjet because the forward movement of the
mandible is allowed. With similar function and force
stimulation in both groups, the root forming and
elongating should not be different, so we cannot find
the difference in root surface area in this tooth type. But
in another way, from statistical analysis, showed some
differences between the samples on the left and right
sides representing central Incisor. Therefore, the results
of this tooth type have decreased in reliability. So we
suggested that the sample size should be increased
to reduce the standard deviation and increase the
reliability of the study, and should possibly recruited
from the population in every region of Thailand to
represent the entire country's population.

Greater root surface areas of the lateral incisor
and canine in the large overjet group are contrary to
the study reported about the occlusal function related
to dental root length and surface area due to the
loss of functional contact in patients with the anterior
open bite group. They concluded that normal occlusal
loading induced normal development of periodontal
tissue and root structure, especially in root length
and root shape, and said that individuals with anterior
open bite had a tendency to develop short dental

roots.*!!

But our study is the early paper found that
the root surface area of maxillary lateral and canine
in patients with large overjet are greater than in the
normal overjet group.

Several previous studies have reported that
individuals with anterior open bite had a tendency
to develop short dental roots from the incisors to
the premolars that could be associated with occlusal
hypofunction or loss of occlusal contact.*"!

Hence, hypothesized that the stimulus of
normal occlusal function is responsible for normal
root development. The findings of this study indicate
that patients with large overjet may have some
differences in root surface area. If a final large overjet
is diagnosed early, interceptive orthodontic treatment

may aid in improving the overjet and overbite early,
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enhancing dental and periodontal health and habit.*
Late intervention requires efficient treatment planning;
patients with large overjet or Class Il division 1
malocclusion may have larger dental root surface area
in lateral incisors and canines. Adequate diagnosis and
orthodontic force application should be considered
while planning the treatment of such cases.

In case of Larger root surface area, heavier
orthodontic force required for tooth movement.
Root resorption can be due to heavy loading forces,
excessively proclined teeth due to inefficient
distribution of forces along the root, and trauma from
occlusion. This states that altered biomechanics will
be required for treatment planning in such cases.
Proper force magnitude is used to bring about tooth
movement, and the bracket is positioned more gingival
to maintain the normal biomechanical application of
forces. Careful application of forces to avoid further
root resorption is necessary. Excessive uncontrolled
contraction forces are to be avoided."

The root surface area of upper anterior teeth
reported in this study can benefit further studies and
clinical decisions. The dentist and researcher can use
this result to select the amount of orthodontic force
for patients with different overjet patterns to avoid
unwanted side effects during orthodontic treatment

such as root resorption and pulpitis.

Conclusion

The root surface area measured in CBCT images
in the large overjet patients was significantly greater
than in normal overjet patients in the maxillary lateral
incisor and canine, aside from the central incisor with

no significant difference between the two groups.
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The Change of Occlusal Bite Force during Clear
Aligner Treatment and Squeezing Exercise
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Abstract

Background: No studies revealed the change of occlusal bite force during clear aligner treatment
combined with the squeezing exercise. Objective: To study the change of occlusal bite force during anterior
open bite treatment with clear aligners and squeezing exercise. Materials and methods: Twenty-two adults
with anterior open bite were treated with customized clear aligners. Anterior open bite was corrected using
clear aligners combined with squeezing exercise. Squeezing exercise was done by clenching on the clear aligner
with submaximal bite force around 80 %. Occlusal bite force was collected at pretreatment (T0), 1 month
(T1), 2 months (T2), 3 months (T3), 4 months (T4), 5 months (T5), and 6 months of treatment (T6). Parametric
tests were used for statistical analysis. Results: After commencement the treatment, the maximum bite force
was significantly higher than the squeezing bite force at all time intervals. Both maximum and squeezing bite
force substantially increased from TO to T2, gradually increased from T2 to T4, and remained stable from T4
to T6. Conclusions: Clear aligner treatment combined with squeezing exercises enhanced both maximum and
squeezing bite force during a 6-month observation period.
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Introduction

The occlusal bite force serves as a significant
indicator of masticatory function' and it’s linked to the
activity of masticatory muscles during jaw movements.
Several factors affect occlusal bite force, including age,
gender, craniofacial morphology, periodontal condition,
temporomandibular joint, and dental status.? The
increased bite force exerted on the posterior dental
arch is contingent upon the larger occlusal surface
area, contact area, and the number of teeth engaged
during the biting process.”

Moreover, the changes in vertical dimension
can influence periodontal mechanoreceptors and
proprioception.*” Previous studies have sought to
investigate the impact of occlusal coverage appliances
on muscular response.*’ However, the findings remain
contentious and vary depending on the type of
appliances using and the characteristics of the subjects.
Removable appliances have been reported to either
increase the activity of the temporalis and masseter
muscles® or decrease muscle activity,” depending on
the design of the appliance.

Anterior open bite is characterized by the upper
incisors failing to overlap the incisal third of the lower
incisors. Its prevalence worldwide varies from 1.5 %
to 16.9 % according to several studies.'®'” Despite its
relatively low occurrence, this malocclusion poses
a significant challenge to orthodontists in terms of
providing treatment that achieves both esthetic
improvement and functional stability. Previous study
has indicated that a notable portion, ranging from 18 %
to 25 %, of patients with anterior open bite relapse
after orthodontic treatment."

Managing anterior open bite presents a significant
challenge in orthodontics. Clear aligners have emerged
as a treatment option for anterior open bite due
to their advantages, including being comfortable,
removable, non-invasive, and aesthetically pleasing.
Previous studies have suggested that biting on the

occlusal thermoplastic sheet of clear aligners can lead

to intrusion of posterior teeth.*"*

However, conflicting
findings have been reported, with some studies
indicating that after the appliance was delivered,
occlusal bite force either increased or decreased,*®
which can influence dental movement.*'’

Squeezing or clenching exercise is a common
component of myofunctional therapy often employed
in anterior open bite patients with compromised
masticatory function.'® This exercise engages various
masticatory muscles, including the temporalis,
masseter, medial pterygoid, and lateral pterygoid.
Previous study has proposed squeezing exercises as
a means to manage vertical dimension and enhance
the stability of anterior open bite treatment.” In literature,
short-term effect of squeezing exercise was enhance
muscle strength resulted in increasing maximum bite
force.”® However, the report about long-term training
more than 6 weeks was not evidence. The investigation
of cyclic change of occlusal force can enlighten the
clear aligner treatment with squeezing exercise in term
of the neuromuscular response for improve exercise
regimen for anterior open bite patient in the future.

The objective of this study is to investigate
the change of occlusal bite force in anterior open

bite patients treated by clear aligners combined with

squeezing exercise during a 6-month period.

Materials and methods

This study was performed at Dental Hospital,
the Faculty of Dentistry, Prince of Songkla University.
The study protocol was approved by the Institutional
Review Board for human patients (protocol EC 6308-030)
of Human Ethic Committee of the Faculty of Dentistry,
Prince of Songkla University and the study was
conducted in accordance with the Declaration of
Helsinki. Informed consent was collected from all
subjects in this study.

The sample size was calculated by G*Power
(Version 3.1) using the effect size of 0.8, A = 0.05, and



Jdun dngIUNsSN  lla:Anu:

5> fiua 4awu Tny JA 14 a.1 2567|23

80 % power of test. Twenty-one subjects were needed.
The estimate dropout rate was about 10 %. Thus, this
study was required twenty-three subjects.

Subjects were recruited based on criteria.
Inclusion criteria comprised: 1) Individuals aged
between 18 to 35 years; 2) Anterior open bite ranging
from 0 to 4 mm); 3) Angle Class | or mild Angle Class
Il malocclusion; 4) Healthy periodontal condition.
Exclusion criteria included: 1) Previous history of
dental trauma; 2) Systemic diseases affecting bone
metabolism; 3) Neuromuscular disorders.

Individual participant was briefed about the study
and provided their signature on the consent form. Data
were gathered at seven intervals: 1) before treatment
(T0), 2) after 1 month (T1), 3) after 2 months (T2), 4) after
3 months (T3), 5) after 4 months (T4), 6) after 5 months
(T5), and 7) after 6 months of treatment (T6). Changes

in overbite and occlusal bite force were documented.

Clear aligner treatment

The custom-made clear aligners were performed
by using the intraoral scanner (TRIOS 3, 3Shape,
Copenhagen, Denmark) and then importing STL file to
3Shape OrthoAnalyzer™ program. The attachments

design were adopt from the previous study."

Squeezing exercise

Squeezing exercise was performed while wearing
clear aligners, with the protocol adapted from the
previous study.”’ Participants were instructed to bite
down on the aligner for one minute during each
session. Each session consisted of six cycles, alternating

between five seconds of isometric clenching (80 % of

3D printed holder

™ Sensor

maximum bite force) and five seconds of rest. This
exercise routine was repeated at least five times daily,
with the aligner wearing for a minimum of twenty-two

hours per day, excluding times for brushing and eating.

Occlusal bite force measurement

Participants were instructed to assume an upright
seated position and unwind for a duration of 5 minutes
in a secluded room where environmental conditions
were carefully regulated before the commencement
of measurements. A bite force recording device,
developed using the FlexiForce™ ELF system and
sensors (Tekscan®, Boston, USA), was employed.
Custom holders were crafted to accommodate the
sensors size 1.5x1.3 mm? (Figurel), Force was transfered
to the sensing area by the flat transducer designed
changing the shear force as the direct force to the
center of sensor. The handle were positioned on the
mesiobuccal cusp of upper first molars on both the
right and left sides, with the measurements displayed
in Newton units. The device was calibrated with the
universal testing machine before the measurement.
(Figure 2)

Occlusal bite forces were measured from TO to
T6 in two types of occlusal bite force as followings.
(Figure 3)

1. Maximum bite force
All participant received instructions to exert
maximum biting force for 3 seconds, ensuring it
caused no discomfort, followed by 20 seconds of
resting period. This cycle was repeated with 1-minute

intervals between sessions to avoid muscle fatigue.

Rubber sheet ‘

Handle

— =
Sensing area ft

Figure 1 Bite force recording device
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Calibration X
Calibration Options
Coonien Do | Seuf@m ]
@ Piece wise inear

Force unit: | newtons v Cancel

Multipoint Calibration
Approx. max range:  700.

760

Cal Force: |100

AddPont | |

Figure 2 Bite force recording device calibration with universal testing machine

Maximum bite force

% 100%

Squeezing bite force

25 80%

e Maximum biting without pain
« Biting; 3 second and rest for 20 seconds interval, for 3
repetitions.

» The average of 3 replication was considered.

e Submaximal biting around 80 % without pain

« Biting; 5 second and rest for 5 seconds interval, for 3
repetitions.

« The average of 3 replication was considered.

Figure 3 Maximum and squeezing bite force measurement

The average of three repetitions was taken into
account.
2.Squeezing bite force

The applied pressure involved isometric
clenching without discomfort and was kept below the
maximum biting force. This pressure was sustained
for 5 seconds, followed by 5 seconds of resting
period, repeated three times within each session.
The average of three repetitions was taken into

consideration.

Statistical analysis

All parameters were evaluated by one examiner.
Ten samples were randomly reassessed the error and
reliability after a two-week interval. The intraclass
correlation coefficient exceeding 0.91 indicated

excellent reliability. Random errors were 3.6 %

for occlusal bite force measurements, which were
acceptable.

All data subjected to the Shapiro-Wilk test
exhibited a normal distribution. Changes in occlusal bite
force within and between groups were assessed using
paired t-tests and independent t-tests, respectively.
Changes in occlusal bite force of seven time points
were assessed using ANOVA and post hoc comparison
by Bonferroni correction. Statistical analyses were
conducted using SPSS version 26, with a significance
level set at 0.05 for all tests.

Twenty-three participants meeting the inclusion
criteria and consenting were recruited for this study.

One participant discontinued the intervention, resulting
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Table 1 The maximum and squeezing bite force at pretreatment (T0)

Measured Occlusal bite force (Mean * SD, N) P value
side Maximum bite force Squeezing bite force
254.17 + 6.98 19477 + 5.78 59.40 = 1.51 < 0.001%***
Right 253.72 = 6.16 195.62 + 6.44 58.10 + 1.38 < 0.001%***

The statistical analysis was tested by paired t-test.
*P < 0.05, **P < 0.01, **P < 0.001

Table 2 The change of maximum bite force from pretreatment (T0) to 6 months of treatment (T6).

Measured
side

Left

Right

Table 2 Continued

Maximun bite force (Mean + SD, N)

25417 + 6.98 344.43 £ 6.19 402.83 + 6.49 440.75 +5.45 450.56 + 5.15 450.67 + 590 448.18 + 4.85

25372 + 6.16 34697 + 6.74 401.11 + 553 43994 +5.04 449.69 +4.75 450.50 + 4.97 447.82 + 6.14

Measured
P value Post hoc comparison by Bonferroni correction
side

3111.62 < 0.001%**

Right 3284.34 < 0.001%*

The statistical analysis was tested by ANOVA.
*P < 0.05, **P < 0.01, **P < 0.001

in a final cohort of twenty-two individuals (comprising
7 males and 15 females) with an average age of
20.55 +
ranged from 0 to -3 mm, with an average initial overbite
of -1.16 +
significantly higher than the squeezing bite force on
both the left and right sides (Table 1). The differences

2.08 years. Initially, overbite measurements

0.97 mm. The maximum bite force was

of maximum and squeezing bite force were 59.40 and
58.10 Newtons for the left and right sides, respectively.
After six months of treatment (T6), the overbite
increased significantly, with a mean of 1.30 + 0.40 mm
(ranging from 0 to 2 mm), and the mean overbite at six
months of treatment was 0.14 + 0.80 mm.
Table 2 displayed the change in maximum bite

force from pretreatment to 6 months of treatment.

TO<T1<T2<T3<T4=T5=T6

TO<T1<T2<T3<T4=T5=T6

There was no significant difference observed between
the left and right sides. On both sides, at 4 months
of treatment (T4), the force did not significantly differ
from those at 5 and 6 months of treatment (T5 and
T6), but it was greater than the force measured from
pretreatment to 3 months (T0-T3) (P < 0.001).

Table 3 displayed the change in squeezing bite
force from pretreatment to 6 months of treatment. On
the left side, at 4 months of treatment (T4), the force
did not significantly differ from those at 5 and 6 months
of treatment (T5 and T6), but it was greater than the
force measured from pretreatment to 3 months (T0-
T3). On the right side, at 2 months of treatment (T2),
the force did not significantly differ from that at 3

months of treatment (T3), but it was greater than the
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Table 3 The change of squeezing bite force from pretreatment (T0) to 6 months of treatment (T6).

Measured

Squeezing bite force (Mean * SD, N)

Left

Right

Table 3 Continued

194.77 £ 578 255.00 + 6.89 319.85 + 6.88 331.10 + 7.61

339.96 + 7.49 340.72 + 7.10 340.47 + 5.48

195.62 + 6.44 252.26 + 6.68 323.39 + 7.18 327.20 + 7.19 337.63 + 7.30 342.75 + 6.99 345.44 + 6.90

Measured
P value Post hoc comparison by Bonferroni correction
side

1393.66 < 0.001%**

Right 1354.03 < 0.001%**

The statistical analysis was tested by ANOVA.
*P < 0.05, **P < 0.01, **P < 0.001

TO<T1<T2<T3<T4=T5=T6

TO<T1<T2=T3<T4=T5=T6

Table 4 The change of average maximum and squeezing bite forces between pretreatment (T0) and 6

months of treatment (T6).

Occlusal bite force
(Mean % SD, N)

Maximum bite force 253.97 + 6.66

Squeezing bite force 195.23 + 5.77

The statistical analysis was tested by paired t-test.
*P < 0.05, *P < 0.01, **P < 0.001

force measured from pretreatment to 1 month (T0-T1)
and lesser than the force measured at 4 months (T4).
Moreover, at 4 months of treatment (T4), the force did
not significantly differ from those at 5 and 6 months
of treatment (T5-T6) (P < 0.001).

Following 6 months of treatment (T6), there
was a notable increase in both the average maximum
and squeezing bite force, amounting to 194.05 and
147.75 Newtons, respectively. The maximum bite force
exhibited a greater increase compared to the squeezing
bite force, with a difference of 46.30 Newtons (Table 4).

448.02 + 3.83

342.98 + 4.80

--

194.05 + 2.37 < 0.001%**

147.75 £ 2.41 < 0.001%%*

The cyclic change in average maximum and
squeezing bite force from pretreatment (T0) to 6
months of treatment (T6) was depicted in Figure 4.
Both average maximum and squeezing bite force
substantially increased from pretreatment (T0) to 2
months of treatment (T2), gradually increased from 2
months of treatment (T2) to 4 months of treatment
(T4), and remained almost stable from 4 months of
6). The

average maximum bite force was significantly higher

treatment (T4) to 6 months of treatment (T

than the squeezing bite force in all time intervals.
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500

400 %

Force %‘

300

200 %

Occlusal bite force

] Maximum bite force

M Squeezing bite force

* k% *%k%k *kk **k%k * %k %k * k% * k%
0 TO T1 T2 T3 T4 T5 T6
Time

Figure 4 The cyclic change of average maximum and squeezing bite force from pretreatment (T0) to 6 months

of treatment (T6).
The statistical analysis was tested by paired t-test.
*P < 0.05, *P < 0.01, ¥*P < 0.001

Discussion

This study enrolled individuals with anterior open
bite to investigate the impact of clear aligner treatment
and squeezing exercises. The squeezing exercise
generates the bite block effect and enhances the
stability of anterior open bite treatment.”* However, no
previous studies have evaluated the cycle of changes
in occlusal bite force during clear aligner treatment
with squeezing exercise. Therefore, this study aimed
to assess the change in occlusal bite forces among
the participants.

The measurement of occlusal bite force provides
valuable insights into the functional condition of the
masticatory system and the stress placed on the
teeth, and it can be easily conducted within clinical
settings. The magnitude of bite force is influenced by
the coordinated activity of the muscles responsible
for jaw elevation, which is further shaped by jaw
biomechanics and reflex mechanisms.” Moreover,
masticatory force plays a crucial role in diagnosing and

treating dysfunc:tion.23 However, it’s also influenced

by the gender, the mean of maximal bite force was
shown approximately 30 % higher in the male than
in the female.” The most subjects in this study were
females. Therefore, the magnitude of force results
should be carefully applied.

The increase in occlusal bite force from
pretreatment to 4 months of treatment was supported
by the previous study,” It’s explained that squeezing
exercise was the isometric masticatory muscle training
which activated myophysiological response of muscle
during clenching. It improved the muscular fibers,
thickness and strength. An increased biting force will
naturally result from strengthening the masticatory
muscles.” Nevertheless, the occlusal bite force
has remained relatively stable since the 4" month
of treatment, attributed to the adaptability of the
masticatory muscles. Previous studies suggested that
this adaptability is time-dependent and linked to
alterations in sensory input, which in turn modify motor

output to regulate motor skills and fine-motor control.”/

The adaptability varies from 10 weeks to a year.”””"



28|Thoi ] Orthod Vol.14 No.1 2024

Wisama Withayanukonkij, et al.

This study differed from another prior investigation
that examined changes in bite force over a 6-month
period of fixed appliance treatment without involving
any squeezing exercises. Their findings showed
a notable decrease in bite force, approximately by
50 % compared to pretreatment levels, during the
initial month of orthodontic treatment. However, the
bite force returned to pretreatment levels by the
conclusion of the sixth month.* Moreover, the type
of orthodontic appliance, observation period, and
myofunctional exercise affect the measured occlusal
bite force. Therefore, observation with a comparison
group is recommended for further investigation.

Evaluating bite force throughout orthodontic
treatment provides valuable insights to orthodontists
regarding the appropriate mechanics to utilize. It
also aids in identifying any interferences within
the stomatognathic system during orthodontic
procedures.” However, only a limited number of
studies have investigated the alterations in occlusal bite
force during fixed orthodontic appliance.’”* Despite
evidence indicating changes of bite forces during routine
orthodontic procedures, variations in bite forces have
been observed in relation to different facial patterns.

Moreover, the clear aligner treatment protocol
for anterior open bite, patients were directed to apply
pressure to the aligners for approximately 30 seconds
twice daily to aid in closing the open bite. Additionally,
the squeezing exercise protocol recommended for
anterior open bite treatment studies involved one-
minute sessions comprising 5 seconds of isometric
clenching (at 80 % of maximum force), followed by 5
seconds of rest, repeated six times, totaling 1 minute.

This exercise regimen®*

was approved to reduce the
risk of anterior open bite relapse. And this study showed
the better performance of masticatory muscle function
after this protocol training.

This study provided the 6-month cycle change
in occlusal bite force during clear aligner treatment.
The explanation of clear aligner treatment and

squeezing exercise enhances muscle strength and

occlusal bite force in the first three months, and it
stabilized by the fourth month of treatment. However,
the results of this study may apply to adult patients
with mild to moderate anterior open bite who
undergo both clear aligner treatment and squeezing
exercise. It is recommended to explore the effect of
a single intervention, compare groups, or extend the

observation period.

Conclusion

1. Clear aligner treatment combined with
squeezing exercise enhanced the increase in occlusal
bite force during six months of observation.

2. Both maximum and squeezing bite forces
increased from T0 to T3 and remained almost stable

at the 4" month of treatment.
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| Case Report |

Distraction Osteogenesis in Cleidocranial
Dysostosis: A Case Report

Wipapun Ritthagol* Thongchai Nuntanaranont**

Abstract

Cleidocranial dysostosis is one of the congenital deformities that involved both teeth and their bone
support. The deformities often present with complexity of disorder in the multiple regions. Base on the clinical
evidence, the result of orthodontic treatment providing in the younger age groups revealed better outcome
than in the older age patient groups. In addition, the treatment protocols are varied depend on the severity
of deformities, age, developmental stage of the permanent dentition, periodontal status and budgets of
treatment due to the long and multiple surgical operations. The orthodontic treatment protocol of cleidocranial
dysplasia in the erowing age could be started with the selected serial extraction of the deciduous teeth
and removed the supernumerary teeth. This performance stimulates the spontaneous eruption of
related permanent teeth to erupt in the alveolar bone with the proper position. The unerupted permanent
teeth could only be achieved by artificial orthodontic force. The permanent dentition then will be aligned to get
the optimal occlusion. Nevertheless, the surgical operation of jaw bones may be needed especially in patients
with severe discrepancy of bony structures that beyond the orthodontic compensation. These guidelines of
treatment provided the satisfied outcome of occlusion, masticatory function and facial esthetics in cleidocranial
dysostosis patients.

Keywords: Cleidocranial dysostosis, Distraction osteogenesis, Orthodontic forced eruption, Orthodontic

treatment
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Figure 1 Extraoral photographs before treatment
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Figure 2 Intraoral photograph and occlusion before treatment
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Figure 3 Panoramic radiograph before treatment
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Figure 4 Intraoral photographs

(a) before treatment (b) orthodontic appliance for forced eruption of embedded teeth

() after orthodontic forced eruption

gﬂ‘ﬁ 5

AMNANLAYUDNTDIUINTEIINS N

Figure 5 Extraoral photographs during treatment
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Figure 6 Cephalometric radiograph and tracing before surgery
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Figure 7 Skeletal and dental problems summaries
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Figure 8 Distraction vector
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Figure 9 Extraoral photographs and lateral cephalograms comparison before (a) and after (b) distraction osteogenesis
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Figure 10 Occlusion after distractor removal
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Figure 11 Cepalometric parameters comparison before and after distraction osteogenesis
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Relationship between Obstructive
Sleep Apnea and Extraction Teeth in
Orthodontic Treatment

Wanchaloem Theprungsirikul* Pipop Sutthiprapaporn**

Abstract

Obstructive sleep apnea is a common upper airway disorder that, if left untreated, could occur complications
including physical, mental, and psychosocial problems. Dentists should be knowledgeable with obstructive
sleep apnea and screen patients for the condition by completing an oral examination and administering
a questionnaire that includes Berlin questionnaire, Epworth sleepiness scale, and STOP-Bang questionnaire.
Additionally, lateral cephalometric radiographs or cone beam computed tomography were examined.
Mandibular micrognathism, a hyperdivergent pattern, midface hypoplasia, a decrease in the thyromental distance,
and a low hyoid position are all characteristics that are frequently seen in patient with obstructive sleep apnea.
Currently, the role of obstructive sleep apnea in orthodontic treatment is more recognized. Both orthodontic
treatment combined with tooth extraction and orthodontic treatment combined with mandibular setback
surgery require an appropriate treatment. The tooth extraction and mandibular setback will decrease the tongue’s
surface area. The tongue is positioned more backward. As a result, the upper airway becomes smaller due
to an increase in the contact distance between the soft palate and the tongue. This may lead to the
development of obstructive sleep apnea. However, it is unclear from previous studies that orthodontic
treatment combined with tooth extraction and orthodontic treatment combined with mandibular setback
surgery directly contributes to obstructive sleep apnea. Most of the previous studies may focused on changes
in the upper airway spaces without sleep test, a gold standard diagnostic test for diagnosing and describing
the severity of obstructive sleep apnea. Therefore, this article presents an overview for orthodontists to
realize the importance of obstructive sleep apnea and develop appropriate treatment plans.
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Insesdluiiansdu wasnszpnlasasdots thgtunissnvmeiunnssudailuldasndnfnnuddyueanizmgamela
mmwé’umﬂmiqﬂﬁzumnﬁﬁu Fanssnuiunnssudnilusiuiunisaeuiiusaznissnuviuanssudaitusaudunisinga
nszgnuInsslnsaneevds iWunsdnwiideansusunissnuliimngay osannisoeuiluwaznisindanszgn
1nsslnsansnoevdnnramalituiiogvosiuanas dudeulvegdundanniu vinlvilszerdudatuvoanaiuseuifuau
dannndudumglivuedesiomadumeladuuuanas Ssoatilugmaiaamengamelivasvduainnisaaiu
ol uAnNsAnwTiuanddlilamnsaasuliiinmsneiunnssudeiiusauiunsoeuiiulay s iunnssudaitu
suumsrdanszgnuinsslnsannesvdsdmaliiinanengaveglavarndulaensa ilesanms@nwdnlvg ikiusn
\Hunsgnisddsunamesinmaiumeladiuuy Taglildfinisnsaanisueundu dadunsnseitadoanasgiu
Tunsidadouazuenseduanuguussasnnevgamelavuenduainnsgaiy fufuunanuiiaueninsmudioly
Fununngdaiiuaseminfennuddyresnmevgamelavasduanniseaiuiayauaunsinwivangaudeld

fdndty: nmzngemelivasvuannsgaty Mssnwmetuanssudaiiu msnoudly
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unun

mawqmmdwmwé’umﬂmiqmﬁgu (obstructive
sleep apnea, OSA)" f® mwﬁﬁmﬁqmﬁgwaqma
uneladiuvuinlilddaunielasuaynuazuin
danaliminnismiglaudl (hypopnea) wiangaviela
(apnea) Mnlszaueendauluiionanad uaznsedulviin
nsRusvesaies (arousal) suunsadsliausaueundu
doiflodldnnunfiAnnansenuseszuueioizang
maqs’wma%aﬂﬂﬂgﬁmwﬁﬂ%Lé’uﬂﬂ%’amx Wladunan
Anunulalings lsaviaealionauss uagliAluving w3e
N159ARUYRIMAAUMElIEILULYUENTU Uare1RYIl
deddnlsmnlalasunisshw anvenisinnnizveamela
Gumwé’umﬂmiqmﬁgul,ﬁmlé’mﬂﬂa%’wmaae}wi’mﬁu
dnllvgiiinananuiauniivedlasiasiansegn AnuEaUnG
Y99N158UHULAZANYAULN18TNIAVDINAIUUIN WAL
arwfinUnfvenieidesou Tasfiaeiiinnzugamels
vugvdUINNTgatuarilassainszgnidn (small bony
structure)” Fadustusfumafumeladiuuuiiuava
laun mmé’mﬁuéﬁﬁmJﬂﬁsumﬂiz@ﬂsmﬂiilﬂit,l,wﬁa’m
(skeletal class Il deformity) ﬁﬁﬂisq}ﬂmmﬂﬂi
Uukin (maxillary hypoplasia) uagnszannsslnsuunes
(maxillary retrognathism) 53u8euduRusfiRaUnA
%aﬂﬂizaﬂmﬂiﬂﬂmvuﬁam (skeletal class Il deformity)
mﬂmiﬁﬂizg}ﬂﬁmﬂsﬂﬂiéwLﬁﬂ (mandibular hypoplasia)
WaznsEANUINTIINTa1nee (mandibular retrognathism)
Farlrdmnueinsslnsandu (short mandibular
length) fiuviianszgnlaosss (hyoid bone) aejfiuaz
ylwaunnludundsdmalfiAanisgadumaiumela
vauzuounduld smdennuduiusiinunivesnszgn
nsslnsuu-anefiinisneemds (bimasillary retrusion)® uay
maasyiAulmesnssinsandunuaiisgs (hyperdivergent
pattern)!’ AduanuaiviiliiAnnnevgaelavusndy
mﬂmiqu"?ﬁ?ulﬁ wonanfmuAnUnfAvesn1sauiy
wagdnwazgniginiavosnaulninulugeifinne
ngamelavagvduanmsgany s wnssinsuuuay
(narrow maxilla) #15U5195Us3 (V palatal shape)'™" 33uriu
wuunt-nasauled (anterior and posterior crossbite)
waznuMsauuaun@uszian 2 (class Il malocclusion)
Afinsaumdenuudsuann (large overjet) nsauiludn
(deepbite) wazudounluvinssinsas'
Anunfvendedoseuiinuldves fe anzdmdngaunn

SAUDIAIY

WAunaglsAau aule (macroglossia) AouaUTALAL A
pyAuaALle (adenotonsillar hypertrophy) hazdinaiu

Y1 yanannugetinanIsAnw

goufiviun (thick soft palate
Tuguaedifianevgamelavasnduainnisgatunuiy
Turarueundunisiuvesnduienilonasada
(genioglossus muscle) anadg esanlunatveundu
gusmelaluiuauesdininndinduioanas viliau
ugatumadumelald”
Tulagtulatinisnsendnfsdunsiganaigvgn
msiwmwé’umﬂmiqmﬁguLﬁmmﬂ%u Gams¥nuiiumnsau
nitusamiunsaeuituoradunilsluaivaiviliiAnn g

218-21

ngamelavaenauannisennuls ' esinnisaeuiiy

wardnisasefluntiludrundainlianiuiiegvesdu

2225 FaUUUNANUTILLEUD

witutagiudududeanides
amsafieliiununmgdaiunsenindennuddyves
amgvgevglanaeduIInNMIgaty uazesuneiaay
dutusseninanniengamelavaenduannsgaiuuay

ANTSNYINNVIUNATTUIANUTINAUNITOBUHU

auanisni

amevgamelavngnduainnisgatudutiom
Anuldvesuazdimansenusoauain lnssiuegedaiau
wuvesluflugfifiengszning 30-69 ¥ FegifAnisal
ﬂmﬁﬂmawq@maiammxwé'umﬂmiqmﬁuﬁtﬁwmﬁu
wazifunamnannsifinduvestsagauialan” fady
HaduidusdrdgivinliiAnnzgamelasazvduain
nsgatu Taenuituinniifesas 50 vesgiaeniig
nygavnglavuzaduinnmsgatuasdsviinanis (body
mass index, BMI) 11031 30 Alanfusian1snauuns
widnaglifinnuduiusseninalsagiuiuneveamela
yuznduannsgaiuogadmauluiisgeeng >

NMsAnwIgUANTSalveInengamelavaenay
1nN13gatu (1319 1) wudrdldinueitadeidei
msngamelauazmelawsis (AH) daus 5 ade/ATasduly
ﬁ]swuqﬁ’ﬁﬂmﬁmmmawqﬂmﬂwmwé’umﬂmiqmﬁgu
Tuymeziunngunniefosas 59.4 lumewe™ uazeeay
33.2 Tuinanega® nsdnwilulszinagesnd 1n1ua Ju way
Suidls wuiilgtAnisallumaneegfidesas 8.8, 27.1,
#3263 | agInAndlanuogfisosaz
3.7, 16.8, 24.2 way 6.1 audiny’ee IuUizmmﬂﬂu

24.2 yay 13.5 9nuaneau
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fifloanisAnurgansallumanenuogfiiesas 59.7
wagluusewalveanmenumsinyives Jesemi G5unsh
wazgUsena Junius®™ wuidlgdinisallaeriuievay
11.4 TagTumagranuldsosaz 15.4 wazinanganuls
Yovay 6.3 Fatuasiiuingifinisalvesnnegvgamela
vuzmdunnsgaiilulssrnssiedesnieszeins
netuladlfumnsnatufulsernslusmauaune Yuan
uonaniidnuuzlassadranszgnainsslngd
wanaefuliauduiusivgiinisalnisiinn1isngn
maiﬂﬁumwé’umﬂmiqmﬁy’u lag Kim S-J waganue®
Tl w.a. 2563 nud1 Anadusiusnsegnainsslnsuvuiians
(skeletal class Il relationship) Wugufin1salinnzngn
melavgnduanmsgaiugean Anduiesas 57.2 509
asn Ao AnuduiusnszgnuInsslnsuuuiivia (skeletal

class | relationship) Seeag 32.3 uarANUFURUSNITEAN
Pnsslnsuuuiian (skeletal class Ill relationship) 5ouag
10.5 muaiu lnegUlisnneveamelavaenduainnis
gatuifinnuduiusnszgnansslnsuuuiiaesdiulvg
ﬁﬂis@ﬂﬁuﬂﬂiﬂﬂﬁéwaaﬂ (mandibular retrognathism)
Yovar 82 wazddnwarnszgnuinsslnsuudy (maxillary
prognathism) Ls¥osas 20.8 Tuvaizdinguanudusiug
nszgnInssinsuuuiians dalueiinszgnannssinsuuase
(maxillary retrognathism) Sewaz 96.9 LLazﬁﬁﬂ‘HmSﬂ%Qﬂ
11n53lnsanay (mandibular prognathism) Seeay 65.1
uilunguanuduiusnszgnuinssinsuuuiinis agny
5ﬂ‘19iuzﬂiz@jﬂ%’]ﬂiﬂﬂiUu—dN?ju (bimaxillary protrusion)
fovay 13.2 Jannnitdnuaznszgnaunssinsuu-ananes
(bimaxillary retrusion) fifl¥ovay 9.1 (mswﬁ 2)

o
@ |

A13199 1 gURinisalvesnisneamelavasnduainnseanulagldinueisviiniseamelauazmelaudy (AHI) Asue

5 ase/dTus Fuld

Us:infi

unaus:ans (AU)

auansnd (Soua)

Fovony (U)

au® 2544 2148
goane® 2544 153
goang’® 2547 106
et 2547 457
U 2548 3648
GGG 2551 380
Fuu® 2551 322
dude’’ 2552 365
Tng® 2554 199
yasng™ 2554 518
anigolsn® 2556 1520
wosud™ 2561 1208

30-70 26.2 28.0 35.2
30-60 8.8 N/A N/A
30-60 N/A 3.7 N/A
40-69 27.1 16.8 28.4
> 20 24.2 24.2 23.6
40-65 25.5 23.5 24.5
23-59 59.7 N/A N/A
30-65 13.5 6.1 9.6
28-47 15.4 6.3 11.4
30-65 21.0 13.0 22.1
30-70 33.9 17.4 33.2
20-81 59.4 33.2 60.1
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Table 1 The incidence of obstructive sleep apnea using the Apnea-Hypopnea Index (AHI) of 5 or more events/

hour.

Incidence (%)

Size of population Age range
Spain® 2001 2148 30-70 26.2 28.0 552
Hong Kong™ 2011 153 30-60 8.8 N/A N/A
Hong Kong™ 2004 106 30-60 N/A 3.7 N/A
Korea™ 2004 457 40-69 27.1 16.8 28.4
China™ 2005 3648 >20 24.2 24.2 23.6
Australia® 2008 380 40-65 25.5 23.5 24.5
Japan® 2008 322 23-59 59.7 N/A N/A
India”’ 2009 365 30-65 13.5 6.1 9.6
Thailand® 2011 199 28-47 15.4 6.3 11.4
Norway** 2011 518 30-65 21.0 13.0 221
United States® 2013 1520 30-70 33.9 17.4 33.2
Germany™ 2018 1208 20-81 59.4 28,2 60.1

M19199 2 dnwarlassainsegnuInssinsuazgUinisalvesnengamglavaenauannseany

anurudnsvasuns:Qnainssins auansnd (Soua)

AMuFuRusnszanvInsslnswuLaas 57.2
- n3gnunsIlnsaneney 82
- nsggnuInsslnsuudu 20.8

v v a

ANuduRuSnIzgnUINssinTuuuAinds 32.3
- nsggnuInsslnsuu-ansiy 13.2
- nsggnuInsslnsuu-ansaey 9.1

AuduusnIszanuInsslnsuuunau 10.5
- NIEYNUINTIINTANEY 65.1

= ﬂi%@ﬂ‘lﬂﬂiﬂﬂiUua@ﬂ 96.9
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Table 2 Skeletal relationship and the incidence of obstructive sleep apnea

Skeletal relationship

Incidence of obstructive
sleep apnea (%)

WYISASSINN

mawqmmalammswé’umnmmﬂﬁgmﬂumasﬁﬁ
mMsfvwavrsRuneladinuy FuinainanuRaung
voaladunatsegresiunu® ludiuvestadenienieinig
(anatomical factor) gUargaziiniaiumieladiuuy
waunINAuUnNAsgeiltudfy’ lnslanizaonesuin
nduwarugendududiunisfinunisgaiutesdan
Yuzndu” Fatladefifinavilimaiumeladuunuauas
Us¥naudienanue1198991n55insansfidunienss
(retrognathism) azsilaumnlugnumas AUIaYeINTEgN
Tauduogsniuly vinsslnsuuegludumisiioosnds
11NNI1UNF (retrognathism) Lﬁaﬁadauﬁﬁmmﬂmﬁ 1
WPTUBRU AU Aeuneuda AoueRuses waznTiiiudng
yosnoned (lateral pharyngeal wal)® wagludiuvestlady
N19a35381 (physiological factor) \flesnuaendunis
Feuwenduniesns g szngeusu wu nduienile
naeada wavnauibemuwed wianily Milvauiinig
seundululamafumelalivauas dwalviianisen
surpmfumelavinluinisanainion1svinnigues
auelasgnatos 10 3u1ii® Fsaglunseduiiqudmuny
msmelavinlissnedemeladuennedunniy vild
Wnausuiiduavusnamadunelamiionadeados
(negative pharyngeal pressure) wagainavinlioinie
iudnguenladesamsaililiasauinnisugamela

vugndunuun® vagnganielasianieazinisanas
vosszAueendlauiilivasnideniinsaneiinnisvnda
Jufnanudulafingauaralnuduladinludenas
Tnglanizegnsdamndnismgameladunaiuiusedu
afvoulnoenleflunszuaidenazfivinniy vilvidon
fanudunsauniu Feaglunseduiaiuanusaniila
sensidsunvamiaail (chemoreceptor) ToEUae
azdsfutunagmelaenivgifiesuernedivonudy
Feanansandusiola’

N1S3UQY

lun193ladegursnnevgameglavaenduain
miqmﬁy’u%ﬁﬁmmﬁ% 6 99AUIZNOUTINAUL AB BINT
wansveeR Uiy (symptoms) N199533319018 (physical
examination) N1 31Ut 9U1N (intraoral examination)
N3R5 NN MM TIEnzInanAseea1ude (lateral
cephalometric examination) N13AANTBIANLAES
amzmgamslavagviuannseatulaslfuuuasuaiy
(screening questionnaires) kA¥N1IATIINITUBUNAY
(polysomnography)

1. 91n15uansvasEUa8 (symptoms) uuseanidu
o msTAnTunaInansAy (nighttime symptoms)*****
oA waunsusuiuiiennisngamela (witnessed apnea)
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Haanzuosnansiu Tornsynaeyilidesiiu drdnmela
laean ganeladeninszidnuinenie (chocking
or gasping for air) AulesnaINa1FY waruaunTEEU
nszaesofieareInsTing uaInanaiy (daytime
symptoms)™*2**% laun 91n1s9aaueuuIndaunfinan
Nan9u 91N15RENNTS UinAseenoudn J91n1sUnnuig
peufuE (Inmsmelamsuineeunansiu) Inefiennns
daquaumnﬂmﬂﬂﬁLamﬂmai’uﬁaLﬂummi%é’ﬂﬁﬁiﬂwm
WULNWNE

2. N113M379319N18 (physical examination) "> *
Usenoufien1sniasaneialy Wy dyanmdn vomin
diugs Aviluianity YuadusauLILAzazlnn fenes
1101128UlABRN1ZNgUB1N159UaINT Wudu uag
113952931918 R aiumslediuuy eusediy
msfivsavresmadumela T vuaduseunedilng
(1NN 16 ﬁaluLWﬂmzﬁq wazEnndn 17 dhlumane)
Tnssadansinandsvenazlunthiiinund wu 2nsslng
anadniiu (micrognathism) “Uﬁﬂ’iﬂﬂiﬁi”}ﬂﬁﬁguw%aaﬂ
(retrognathism) Tngsunisvasyayugauesieidosou
Y84AN4 (soft tissue pogonion) agwé'\wiaixuwl,t,mﬁw%q
(true vertical line) Tneiduitannsitugaduundaiad (Sn)
Feannfuszunuunsainlase (frankfort horizontal plane)
11NN 2 Hadwns n1ssynsesvasluningiunans
(midface hypoplasia) 33EJsmﬂﬂixaﬂéauimiaaﬁlﬂﬁﬂw
(thyromental distance) é’?um Gﬁwﬂaiwzmﬂﬂis@ﬂﬁiau
Tnsesdlufians fidUseuia 6 wuRuns wavsuns
nszgnleessiogin deundnsegnlasssdazogfiseiuifien

ﬁUﬂix@ﬂﬂa%}uﬁ 3 (third cervical vertebrae)

3. 115M523UYaeUIN (intraoral examination)
Ao n1sesiansauiulazAuiaUnflutesuin 1wy
A15EUADNRUITIVTITII U ALnLAY (large overjet)
MIaUWEoNRLIRTIANAY (deep overbite) Insunfiszey
WmsauMdsLLLIT VLT kR Nzl 2 faduns
LAZRIANUAUAAUNG WU LnauunlAsgs (high palatal
arch) %aﬁuﬂ’uﬁﬁuﬁuﬁmawawgﬂﬁLmum (narrow nasal

6264 1 a¥N1IMIIUTEHIUYD9AB LHBLEDBaY

cavity) tJunu
Tutosas laun

3.1 NIRTINVUINVOIYDIABAIUNNTIIUUNYDS
Modified Mallampati classification %38 Friedman
tongue position®* I@ﬂiﬁﬁﬂaaagluﬁwﬁa Tuniuenss
Snnie uarlduauau wesiurunvesdosneiianinse
wondtulasemneandu 4 sy Ao szaufl 1 (erade 1)
fo awnsavendiuduld (uvular) fadn (pillar) way
Reuneulanavue sEiuf 2 (grade 1) A® annsaiuauln
Lazfiaa i uwiduseunoudauddiuul seauil 3
(grade Ill) fip @3NsaILWAUBBU (soft palate) UNedIu
wilsiiuaula fiaan uavseuneudauassiuT 4 erade IV)
Ao aunsaiumAIuLls (hard palate) iy (gﬂﬁ 1)

3.2 NIATINVUIATDIRIUOUTA laeldnIsius
4849 Brodsky (Brodsky grading scale)”’ lnglvifuaeag
Turinde Tunthaesnse §1Urnnte wazuauay wiaszsy
unvassouveudadu 5 sydu fe sEdudl 0 (grade 0)
Ao msralainusouneudaiaslddmivdiaslaiunns
Wsamoudasen seAufl 1 (grade 1) Ao souveudastlu

I II II v

gﬂﬁ 1

position®

LNUINNTUTEIUTUAUDITDIABAINNITINLUAYDY Modified Mallampati classification %30 Friedman tongue

Figure 1 The criteria for evaluating the oropharyngeal according to the Modified Mallampati classification or

Friedman tongue position®
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I

gﬂﬁ 2

\neusin1suseiiiuaunseuneuda lae Brodsky®

Figure 2 The criteria for evaluating the size of tonsil according to the Brodsky grading scale®’

ugamauda (tonsillar fossa) wagisvungndslnediadn
s2euTl 2 (erade II) Ao ouveudalnfuindwiowmeveu
vosfiaandntos seduil 3 (grade 1) Ao douneudals
Suasvouresiiaaliunnuadiludsinaltons uay
52Ul 4 (erade IV) o douveudalaiuasuniaianans
Fosne (U7 2) Taenlugthedisinngngamelavagndu
mnmsqmﬁu%mwwwmmaqsziamaizéfu 3 uay 4
Afiunauseuusdin Iuwmsiareuneudatinazny
deuveudalnseduil 3 war 4 Tedwalfiinniseaiy
muAumelavazusundula

4. n13nF2aN19A NS IdnzluanAsvearudig
(lateral cephalometric examination)

mMsUszifiumafumeladgiuuy Menmdsdiieg
anwarn1anieininvesmaiunieladiuvuniadu
3 5gau™® Al 1) maiumeladiuvuszaulnsayn
(nasopharyngeal) gnéousoussiiuredinsiayn (nasal
cavity) vengluauisd@iuvesnaIusou 2) madumela
druuuseAutasUIn (oropharyngeal) 8E5eniN950850Y4
madiumeladiuuuszaulnsaaynwagmadumneladuuy
s¥AUNaDUALN (laryngopharyngeal or hypopharyngeal)
FausiwaugeuauiiUanasades (epiglottis) Hay
3) mafumeladiuvusedundeades dveulunay
lodadUandendsulngnaosideciasnaone1nis
s?fqasﬂuisﬁwaamz@ﬂlaaasﬁ 1351897UN1TAN B

299 Kaur tazane® Tul w.a. 2559, Battagel wazaenlg”

Tud we. 2563 wuidaedisinnengamelavuzndy
Mnmsgatuiimaiumeladiuuussdulnssayn sedy
dosinuazszAundondesanasia 3 sedu waztes
madumelagiuvusedutosuindnisanasuindian
athefifudfn Fansidsuulasnuarvemmaiumela
dnuvulaznsasuulameinssgnuinsslnsuaslumiing
finasomadumeladiuuuainsadiaszilaainnamsd
nglvandsweiuing dedmungadnsdasing 4 lunsin
Fatl (39l 3 wazguil 3, )

5. n13fANTBIAULABINIIEnganIeTla vy
wduannisganulaslduvuasuniu (screening
questionnaires)

UBNIINNITATIVINNNLUALNITATITYOIUINUAT
FaanunsavssdugUasiidaudsaionisiianiie
ngavnglavruduannisgatudesiuainuuuasuaiu
Fatlagiunuuaeunuitléiunléfanses Ao

5.1 wuuasunuuasau (Berlin questionnaire)
Usgnausiedanu 10 7o wuadu 3 ngu léun doifen
Aun1snsuTIfsnsvgamelavaenau (5 Anw) A1any
Rerfuanudiwieseumdsnainatsiu (3 daw) uas
Aannderiumsidulsaruduladings (1 Aanw) dawdn
1 fomufiieafunsudsuamesimdndaldldeued
Tunqudmiunstuaziuy wedwingvasldazuuuain
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M13197 3 InneBamaiumeladiuuy nsvgnlgesunlavinaugou

90898V dgw

o

AN I 1YY I N INg e lad U (Tadiues) Wweln1sinTeeeneseniNgesqn fail
1. mudiumeladiuuuszaulngagyn (nasopharynx, Pm-Upaw)
Pm Pterygomaxillary fia 9afinsening Pterygo-maxilla fiu Posterior nasal spine

o

Upaw Upper pharyngeal wall A9 N PUDILAURAIAINAIN posterior nasal spine U posterior

pharyngeal wall (Phw)

2. yaiumelagiuvuszautesuin (oropharynx, U-Mpaw)

U Uvula fie 9 Uanganveanaugeu (The tip of the uvula)
Mpaw Middle pharyngeal wall fig Qmﬁmmauﬁu&?@mm’m uvula AU posterior pharyngeal wall
(Phw)

3. mahumeladiuvuszaunasaudes (hypopharynx, V-Lpaw)

v Vallecula fio IneufiuvesUandeudeuazlauiu
Lpaw Lower pharyngeal wall A 3afinveduAtaINaIn vallecula fiu posterior pharyngeal wall
(Phw)

£

AU Ua9Y9937991946 U8 1a5 31U (917579038649)3)

NunyaAumglagluLIZAU e Nunegludunainain SR, Pm, Upaw uag Phw lag#l SR Aa sphenoidal rostrum
I‘Widﬁ]@gﬂ (nasopharyngeal airway

space)

& 4 a | ) P s P v A ' . X A v ) Y
NunmaAumelagiuuuTzau Ae Nunegludunainaingnaiagareas nasopharyngeal airway, WURIAUVAIVDIAULAL
%93U1n (oropharyngeal airway IWAUBBY (posterior surface of tongue and soft palate), Et (tip of epiglottis) wag Phw
space)

NunmaAumglaguuusEaAU Ao Nunfegludunainanina1sgaves oropharyngeal airway, Ui UMAwoEUA

nassdss (hypopharyngeal airway  nassidss (posterior surface of epiglottis),V waz Phw

space)
gumbansegnloeags

Go-H H fs InvugaLasrignveensenleessn

Go (Gonion) fia YAVagEALALMHIEATY angle of mandible

Go-Gn-H° 11381319 Gonion, Gnathion ag Hyoid lng# Gnathion (Gn) Aig YAntAALAEAEATDS

mandibular symphysis

Go-Me-H° U13EWIN Gonion, Menton uag Hyoid lng#l Menton (Me) fia nilogianves

mandibular symphysis

N-S-H° 1581314 Nasion , Sella turcica wag Hyoid lag# Nasion (N) Aie 3ARINaneves frontonasal
suture
MP-H 282911958319 mandibular plane fU Hyoid Tnefi mandibular plane (MP) fie @uiiideu

AuBd Gonion kag Gnathion
AIUEIIVDINN 1D (TaALUHS3)

PNS-U 3¥8ZYN95ENIN posterior nasal spine (PNS) fia U
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Table 3 The reference points of upper airway, hyoid bone and soft palate

Width of the upper airway space (mm) by measuring the distance between two points as follows

1. Nasopharynx (Pm-Upaw)

Pm Pteryeomaxillary is the intersection point between pterygo-maxilla and posterior
nasal spine
Upaw Upper pharyngeal wall is the intersection of the perpendicular line from the

posterior nasal spine and the posterior pharyngeal wall (Phw)
2. Oropharynx (U-Mpaw)
U Uvula is the tip of the soft palate

Mpaw Middle pharyngeal wall is the intersection of the perpendicular line from the
uvula to the posterior pharyngeal wall (Phw)

3. Hypopharynx (V-Lpaw)
V Vallecula is the joining point of the epiglottis and the base of the tongue

Lpaw Lower pharyngeal wall is the intersection of the perpendicular line from the
vallecula and the posterior pharyngeal wall (Phw)

Area of the upper airway space (mm?’)

Nasopharyngeal airway space  The area contained in the lines drawn from SR, Pm, Upaw, and Phw, where SR
is the sphenoidal rostrum

Oropharyngeal airway space The area contained in the line drawn from the bottom point of nasopharyngeal
airway, posterior surface of tongue and soft palate, Et (tip of epiglottis) and Phw

Hypopharyngeal airway space  The area contained in the line drawn from the bottom point of oropharyngeal
airway, posterior surface of epiglottis, V. and Phw

Hyoid bone position

Go-H H is the top and anterior point of the hyoid bone
Go (Gonion) is the lowest and furthest point of the angle of mandible

Go-Gn-H° Angle between Gonion, Gnathion and Hyoid; Gnathion (Gn) is the anterior and
lowest point of the mandibular symphysis

Go-Me-H° Angle between Gonion, Menton and Hyoid; Menton (Me) is the lowest point of
the mandibular symphysis

N-S-H° Angle between Nasion, Sella turcica and Hyoid; Nasion (N) is the midpoint of
the frontonasal suture

MP-H The distance between the mandibular plane and the hyoid; the mandibular
plane (MP) is the line joining the Gonion and Gnathion

Length of the soft palate (mm)

PNS-U The distance between the posterior nasal spine (PNS) and U
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Figure 3 The reference points analyzed from lateral cephalogram”
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g‘da‘?i 4

091489614 9 Tumsyiuiivestesdtmasumeladuun’

Figure 4 The reference point for determining the area of the upper airway space’”
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Table 4 Radiographic craniofacial features in patients with obstructive sleep apnea
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Angle and
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Table 5 The differences in facial and skeletal structure of different races and the incidence of obstructive

sleep apnea

Characteristics of facial and skeletal structure

Hyoid
Maxilla Mandible bone
position

Population | cranial

base

Thyroid and chin
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Abstract

Obstructive sleep apnea syndrome (OSAS) is a common sleep-related breathing disorder frequently
detected in children, especially when a craniofacial condition such as cleft lip and palate (CLP) plays a role.
Their distinct craniofacial alterations, marked by a diminished midface and a retrusive maxilla compared to
non-cleft children, increase the susceptibility of children with CLP to OSAS. These anatomical changes result
in a decreased cross-sectional airway volume, increasing the likelihood of OSAS development in children
with CLP. Medical procedures like palatoplasty, commonly utilized to address anatomical irregularities,
can inadvertently lead to upper airway obstruction. Additionally, various risk factors influence OSAS in children
with CLP, making it a multifactorial condition. The ability to identify OSAS in children with CLP is essential
because if left untreated it can cause cognitive deficits, behavioral problems, impaired growth, and cardiovascular
complications. To minimize the underdiagnosis of OSAS, the related risk factors related to OSAS in children
with CLP should be considered. This review article aims to investigate those risk factors in children with repaired
CLP to enable early detection, which can prevent unexpected complications through proper interventions.
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Introduction

Obstructive sleep apnea syndrome (OSAS) is
known as a common sleep-related breathing disorder
marked by prolonged partial upper airway obstruction
and/or intermittent complete obstruction during sleep.'
Its prevalence is 1.2 % -5.7 % in the overall pediatric
population.” The major risk factors of OSAS in healthy
children are adenotonsillar hypertrophy (ATH) and
obesity, but other factors should be a concern in
children who suffer from such conditions as a history
of prematurity, asthma, Down syndrome, sickle cell
disease, achondroplasia, neuromuscular disease,
and craniofacial abnormalities. Children with cleft lip
and palate (CLP), recognized as the most common
craniofacial abnormality, are also at an elevated risk
of developing OSAS.*’

CLP arises from the deficiency of proper
interaction or sustained contact between the medial
nasal and the lateral nasal process as well as the
maxillary process.” The documented incidence of CLP
among liveborn babies is 1.7 cases per 1000 births.””
In Thailand, a comparable incidence of 1.6 cases per
1000 live births has been observed for CLP among Thai
infants.” The presence of CLP in children is significantly
related to the diagnosis of OSAS. Abnormal craniofacial
structure and anatomic alterations in the nasal cavity,
nasopharynx, oropharynx, palate, and maxilla that
characterize patients with CLP are factors related to
OSAS.”" These alterations in craniofacial structure,
notably the underdeveloped midface and retrusive
maxilla, lead to a decrease in the cross-sectional
airway volume, thereby heightening the likelihood
of OSAS development in children diagnosed with
CLP."” These deformities necessitate various surgical
interventions, including primary palatoplasty, to
address the cleft anomaly, enhance speech function,
and correct facial features.'” However, these corrective
procedures can inadvertently lead to upper airway
obstruction.” Furthermore, approximately 13 %
of children with CLP experience velopharyngeal
insufficiency (VPI) following primary palatal repair,
leading to hypernasal voice and swallowing challenges.’

As a consequence, many CLP children require secondary
corrective surgeries, often employing techniques
like pharyngeal flap, sphincter pharyngoplasty,
pharyngoplasty, and Furlow palatoplasty. These
interventions have potential complications, with OSAS
emerging as a prominent concern.” CLP children also
suffer from disruptions of the oropharyngeal muscles,
with negative effects on speech, swallowing, and airway
patency, especially while sleeping.”

There is limited existing literature on the risk
factors pertaining to OSAS in children with repaired CLP.
The objective of this study is to access and explore
the risk factors for OSAS in children with repaired
CLP, based on the published studies, thus deepening
the understanding of the connection between CLP
and OSAS; this potentially will give new insights
and advance the field’s knowledge. The resulting
enhanced awareness for early detection of OSAS in
CLP childrenis crucial for preventing complications and
alleviating the negative effects on cognitive function,
behavior, and cardiovascular health, and attention
deficits and delayed development that younger CLP
children with OSAS may experience. Finally, the findings
of this study will provide valuable information for
dental professionals and healthcare providers involved
in the care of children with CLP, enabling them to
improve their clinical practices and provide better care

for these individuals.

Literature review

Risk factors

Several studies have identified potential risk
factors that may be related to OSAS in children with
CLP. These risk factors include:

1. Cleft type

Orofacial clefts are categorized into various
types:'

1. Cleft lip without cleft palate (CL): This type
affects only the lip and may be unilateral or bilateral.

2. Cleft lip with cleft palate (CLP): This involves
both the lip and the primary palate. CLP can be
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unilateral or bilateral and may present as a complete
or incomplete cleft.

3. Isolated cleft palate (CP): This type affects
only the secondary palate and is rarely diagnosed
prenatally.

4. Median cleft lip and palate (MCLP): Unlike
CL and/or CLP, MCLP is characterized as a midline
defect. It is often associated with additional midline
brain and facial anomalies and has a high probability
of origin in chromosomal abnormalities.

In a research study comparing the prevalence
of increased OSAS risk in patients with and without
CLP, researchers utilized a validated questionnaire,
the Pediatric Sleep Questionnaire (PSQ), as a research
tool for identifying OSAS risk; a higher score indicated
an increased risk. Compared to patients without
CLP, patients with unilateral and bilateral CLP had
significantly higher mean Pediatric Sleep Questionnaire
scores and a higher prevalence of elevated OSAS
risk.'” However, when individuals with both cleft lip
and palate were compared regarding cleft types,
encompassing isolated CP, unilateral and bilateral cleft
lip and alveolus, no significant correlation was found
between cleft type and the prevalence of OSAS risk."’
Similarly, several prior studies conducted by Silvestre
et al. (2014) and MacLean et al. (2009) did not identify
a significant association between OSAS risk and cleft
classification.'®"

In addition to typical CLP, there are other
variations, including submucous cleft palate (SMCP)
and cleft mandible. However, our literature review
did not yield any published information regarding the
potential association between these cleft types and
the risk of OSAS.

2. Abnormalities of bony anatomy and
neuromuscular function

Children diagnosed with non-syndromic CLP
commonly exhibit diminished upper airway dimensions
attributable to skeletal abnormalities, particularly

20

involving the retrusive maxilla,” which is similar to

patients with nasal airway obstruction and OSAS.”

Research has established a strong correlation
between maxillary dimensions and upper airway
measurements,” highlighting the significant impact
of a hypoplastic midface and retrognathic maxilla in
reducing cross-sectional airway volume in children
with CLP."” These findings align with another study that
reported a significant prevalence of OSAS in children
with CLP, further suggesting that children with CLP are
more susceptible to symptoms of OSAS.'**

Furthermore, these patients are prone to
experiencing neuromuscular dysfunction, specifically
affecting the muscles responsible for controlling
the soft palate, which heightens the risk of airway
collapse and the development of OSAS.”’ Nasal airway
obstruction resulting from nasal deformities further
contributes to the susceptibility of patients with CLP
to OSAS.***

3. Palatal dimensions

Palatal dimensions refer to the measurements
and characteristics of the palate, which is the superior
aspect of the oral cavity. These dimensions of width,
height, depth, surface area, and volume of the palatal
structure collectively determine the size, shape, and
overall morphology of the palate. Palatal dimensions
are a key contributing factor to the risk of OSAS in
children both with and without unilateral cleft lip
and palate (UCLP). Several studies have explored the
relationship between palatal dimensions and upper
airway measurements. Notably, a study conducted
by Kecik (2017) compared palatal area, palatal width,
and airway volume between patients with OSAS and
those without OSAS and found that OSAS patients had
significantly smaller palatal dimensions. Additionally,
they established a significant correlation between
palatal volume and oropharyngeal area, affirming their
pivotal role in the development of OSAS.* In a recent
study by Ciavarella D. et al. (2023), a significant negative
correlation emerged between palatal depth and area
and the severity indexes of OSAS. This further supports
the association between abnormal palatal dimensions

and an increased susceptibility to OSAS symptoms.”’
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Significant differences were also observed in
comparative analyses of palatal dimensions, including
volume and surface area, between children with UCLP
and those without. Children with either unilateral or
bilateral CLP exhibited significantly smaller palatal
volumes compared to non-cleft individuals.”® Another
study utilizing digital dental casts to evaluate the
maxillary arch width, palatal surface area, and volume
in children with UCLP during mixed dentition and
children without UCLP found significantly reduced
palatal surface area and volume in the UCLP group
compared to the control group.” These findings
aligsn with the research conducted by Smahel et al.
(2003), which analyzed the three-dimensional palatal
morphology in children with UCLP. This study revealed
an overall palatal narrowing of the palate, specifically
in the anterior region. Moreover, it was accompanied by
reduced width and height of the palate.”® Asymmetry in
the palatal vault was also observed, with the highest
points situated in the front on the clefted side and in
the back on the non-clefted side.”

While the precise mechanisms underlying the
association between diminished palatal dimensions
and increased risk of OSAS are not yet fully understood,
it is widely believed that the reduced palatal
dimensions commonly observed in patients with UCLP
can restrict the space available for the tongue. This
can lead to airway narrowing and obstruction during
sleep, potentially contributing to the development
or exacerbation of OSAS-related symptoms.” To
date, however, evidence is insufficient to support
comparative evaluations of palatal dimensions in UCLP
children with and without OSAS, or to correlate palatal
dimensions with OSAS in children with UCLP. Although
craniofacial characteristics are considered predisposing
factors for OSAS, the precise role of palatal dimensions
in the etiology of OSAS has yet to be accurately
described. Further research is necessary to develop

evidence-based clinical practices in this area.

4. Age

Aging intensifies the susceptibility to OSAS,
with the prevalence of OSAS steadily increasing as
individuals advance in years.32 However, its mechanism
remains unclear.” It is possible that, as indicated by
certain studies, changes in pharyngeal anatomy and
biomechanics, alterations in the distribution of body
fat, or decline in the function of pharyngeal dilator
muscles may lead to variations in the amount, location,
and pattern of upper airway obstructions over time.*
This study showed that age might impact sleep by
altering the collapsibility of the pharynx. It has been
observed that elderly patients have greater pharyngeal
collapsibility during sleep.”” Another investigation
showed that elderly individuals diagnosed with OSAS
exhibited a higher frequency of complete velum
collapse and a reduced frequency of total lateral
wall collapse within the oropharynx, in contrast to
their younger counterparts.36 However, a recent study
comprising 351 children and adolescents with non-
syndromic CLP found positive OSAS risk to be more
common in CLP patients younger than ten years old,
based on the Obstructive Sleep Apnea-18 (OSA-18)
questionnaires.”” Conversely, a previous study found
that age is not a significant factor in OSAS risk with
CLP patients.”

5. Gender

Biological sex may represent a potential risk
factor for childhood OSAS. A study of otherwise
healthy children indicated that boys without CLP have
a higher OSAS risk compared to girls.” The reasons for
this difference remain unclear, but many factors may
contribute to the greater OSAS prevalence among males
(without CLP), including the distribution of body fat,
upper airway length and collapsibility, neurochemical
control processes, and arousal response.38 However,
a recent study of children with CLP showed no
differences between males and females in terms of
OSAS risk,”” in agreement with previous studies in
children with CLP.""*®
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6. Obesity

Childhood obesity has a significant impact on
OSAS. Some cross-sectional studies have indicated
that childhood obesity, defined by a body mass
index (BMI) equal to or surpassing the 90th or 95th
percentile, increases the likelihood of snoring by two
to four times.” Obesity is an independent risk factor
for both snoring and OSAS in children.***" According
to a retrospective study, there is a link between BMI
and Apnea Hypopnea Index (AHI). In obese children,
both the median AHI and the percentage of cases
where AHI exceeded 1.5 per hour were significantly
higher compared to nonobese children.”” Several
mechanisms establish a connection between obesity
and OSAS, including diminished compliance within
the respiratory system, elevated airway resistance,
reduced lung volumes, modified ventilation patterns,
alterations in expiratory flow rate, and disruptions in
gas exchange.” Despite this association of obesity with
an elevated risk for OSAS in children and adolescents
without CLP,* a review of studies of children with CLP
failed to identify a significant link between high BMI
and positive OSAS risk.""®

7. Primary palatoplasty techniques and timing
of cleft palate repair

Primary palatoplasty is used to treat children
diagnosed with CP in developed nations, typically either
prior to or around their first birthday.” Several primary
palatoplasty techniques are used, including two-flap
palatoplasty, a straight-line repair, and the double-
opposing Z-plasty.” Primary palatoplasty in children
with CP can result in airway obstruction.” However,
the precise impact of this procedure on OSAS has not
been well-studied. One study suggested that surgical
closure of the palate induces upper airway obstruction
within the initial 24-hour period post-surgery, mainly
attributable to surgical manipulation and consequent
complications like swelling of the tongue, postoperative
bleeding, or laryngitis following extubation. This
obstructive effect is mostly indicated by snoring

and other transient symptoms, such as difficulty

breathing during sleep, but without breathing pauses."
A retrospective study of 64 children with CP repair
who underwent polysomnography (PSG) before and
after palatoplasty found that OSAS did not develop or
worsen as a result of primary palatoplasty; nonetheless,
the AHI score increased by five or more events per
hour in approximately 20 % of the participants.”

The timing of cleft palate repair is a critical
factor influencing mid-face growth outcomes in CLP
patients;*® this may, in turn, impact OSAS risk due
to reduced airway volume." Early repair has proven
benefits for speech development but may potentially
restrain maxillary growth.”” The American Cleft Palate-
Craniofacial Association advises that palate repair
should ideally be performed by the time a child
reaches 18 months of age, with the goal of maximizing
favorable long-term speech outcomes.” Some
researchers argue that delayed palate repair may lead
to improved craniofacial morphology, although possibly
impairing speech development.* However, others
find no significant disparities in craniofacial growth
between early and delayed cleft repair.”’ In some
cases, patients having surgery at the recommended
time achieve normal speech abilities despite notable
craniofacial morphology differences.” Consequently,
the ideal timing of cleft palate repair remains a topic of
debate, particularly regarding its potential interference
with maxillary growth. A study by Rana et al. (2016)
revealed no significant differences in pharyngeal airway
dimensions between early and late palatal surgery
and a control group. Nevertheless, further research
is warranted to explore the relationship between the
timing of cleft palate repair and OSAS risk in the cleft
population.®

8. Adenotonsillar hypertrophy

Adenotonsillar hypertrophy (ATH) is one of the
predominant causes of pediatric obstructive sleep
apnea syndrome (OSAS) in the non-cleft population.”
A study conducted by Isono et al. (1998) compared the
collapsibility of the passive pharynx during anesthesia

and skeletal muscle paralysis in non-cleft patients with
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and without OSAS. The results indicated that in children
with OSAS, upper airway closure occurred at the level
of the tonsils and adenoids.” In contrast, in non-OSAS
children, it occurred at the level of the soft palate. This
underscores the influential role of anatomical factors
in the pathogenesis of pediatric OSAS and suggests that
structural anomalies in the entire pharynx, alongside
enlarged adenoids and tonsils, may contribute to the
manifestation of OSA.”

Children with CLP who additionally suffer from
ATH face an elevated susceptibility to OSAS as a result
of restricted airways.” Enlarged tonsils, aside from
their association with OSAS, could partially obstruct
the space between the palate and the posterior
pharyngeal wall, hindering palatal closure and
potentially causing VPL.* Significantly, tonsillectomy
has been effective in alleviating both OSAS and VPI.
On the contrary, adenoid hypertrophy, located on the
posterior pharyngeal wall, may act as a cushion against
VPI by facilitating velopharyngeal closure.”” However,
after adenoidectomy, this compensatory mechanism
may be compromised, potentially leading to VPI. As
a result, when necessary, tonsillectomy and/or partial
adenoidectomy are effective therapeutic approaches
for managing OSAS in individuals with repaired CP who
have tonsillar and/or adenoid hypertrophy.”’

9. Surgical techniques for treating velophary-
ngeal insufficiency

VPl is defined by inability to achieve proper
closure of the velopharyngeal sphincter, which leads to
an inadequate separation between the oral and nasal
cavities during speech. Thirteen percent of children
with CP develop VPI following primary palatal repair,
resulting in hypernasal voice and swallowing difficulty.’
One study has estimated that 5 % to 30 % of patients
with CP will require secondary surgical procedures
to enhance velopharyngeal closure after receiving
the appropriate primary palatal repair and speech
therapy.” Madrid et al. reported that several surgical
techniques for correction of VPl include pharyngeal flap,

sphincter pharyngoplasty, pharyngoplasty, and Furlow

palatoplasty, but that various surgical techniques have
had complications, with OSAS being one of the major
concerns." OSAS can develop following posterior
pharyngeal flap surgery and is a known occurrence in
children with CLP. Moreover, there have been reports
of fatalities resulting from upper airway blockage in the
postoperative period.””**
duration of this OSAS are debatable.”* Some findings

demonstrate that post-operative dynamic sphincter

However, the prevalence and

pharyngoplasty may increase the incidence of OSAS.”
Following a Furlow palatoplasty, a slight elevation
in upper airway obstruction may be observed in the
immediate postoperative period. Nonetheless, it seems
to have a lower rate of OSAS complications.”

10. Breastfeeding

Several studies indicate that breastfeeding could
offer long-term defense against the severity of sleep-
disordered breathing in childhood. Children who were
breastfed for two to five months had less severe OSAS
symptoms than children who had not been breastfed.””
Breastfeeding contributes to the development of
a healthy upper airway structure, and breast milk
provides immunologic protection against infections that
may trigger OSAS.”" However, another study reported
a positive correlation between breastfeeding and
OSAS.”® Similarly, a different investigation found that
breastfeeding was associated with chronic snoring as
a risk factor through an unidentified mechanism,
which could be immunological in nature. They
suggested that the immunological agents from the
breast milk promoted airway inflammation, which
led to wheezing and snoring.” A study was conducted
to compare the duration of breastfeeding in patients
with and without CLP, which yielded interesting results.

A study reported that children with CLP had
had significantly shorter durations of breastfeeding
and significantly longer durations of bottle-feeding
than children without CLP.'" This difference could
be explained by the fact that newborns with non-
syndromic clefts exhibit less effective sucking patterns

compared to individuals without CLP."" Nonetheless,
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according to Palmer, bottle-feeding leads to the
development of high palates, narrow dental arches,
and retruded chin, which increases the risk of snoring
and sleep apnea. In contrast, breastfeeding provides
advantages in diminishing malocclusion among children

in general.”’

Consequently, a recommendation can be
made in favor of breastfeeding over bottle feeding,

particularly for children with CLP.

Discussion and Conclusion

Clinicians treating children with CLP should
consider the factors associated with OSAS in children
with repaired CLP.

1. Cleft type: The research highlights a notable
increase in the risk of OSAS among children with
unilateral and bilateral CLP when compared to
those without CLP."" Nonetheless, when comparing
individuals with different cleft types, including isolated
CP and unilateral and bilateral cleft lip and alveolus,
no significant correlation between cleft type and the
prevalence of OSAS was observed.'”" Therefore, it
is recommended that a systematic and thorough
assessment for OSAS risk should be an integral part
of the routine care for children with CLP of all types.

2.Bony anatomy and neuromuscular dysfunction:
Skeletal abnormalities and diminished upper airway
structures often accompany CLP, thereby contributing
to the development of OSAS.'**?' Dysfunction in
the muscles controlling the soft palate and nasal
deformities can also increase the risk of OSAS.*?*
Evaluation of children with CLP should include
assessment of anatomy and muscle function.

3. Palatal dimensions: Palatal dimensions play
a potential role in the risk of OSAS in children with
and without UCLP. Further research is necessary
to gain a deeper understanding of the precise
mechanisms involved and to develop evidence-based
clinical practices in this area.

4. Age: Aging significantly impacts the risk of

OSAS, with the prevalence of the condition increasing

with age.” Elderly individuals tend to have greater
pharyngeal collapsibility during sleep.****Only a limited
number of studies have specifically investigated the
influence of aging on OSAS risk among individuals
with CLP. Even after childhood repair, continuing care
should consider patient aging.

5. Gender: The impact of gender on OSAS risk
in children with CLP remains uncertain. Therefore,
the emphasis should be on conducting personalized
assessments and educating families about recognizing
OSAS symptoms, particularly in boys.

6. Obesity: Childhood obesity is a recognized
risk factor for OSAS.**" However, its association with
OSAS in cleft patients is uncertain and inconsistent.'™*®
When dealing with CLP children, this relationship
becomes complex and may not always follow the
usual pattern. Thus, it is recommended that clinicians
should diligently monitor the growth and weight of
CLP children, addressing obesity concerns through
appropriate interventions like dietary guidance,
physical activity, and behavioral changes. Collaborative
and individualized approaches involving weight
management, multidisciplinary teams, and tailored
treatments are essential. Continuous monitoring and
family education play crucial roles. Further research is
needed to better understand the connection between
obesity and OSAS in CLP children.

7. Primary palatoplasty techniques and
timing of cleft palate repair: Primary palatoplasty in
cleft palate patients may cause temporary symptoms
such as snoring. However, its impact on OSAS is not
well-studied, and this procedure does not appear
to significantly increase or worsen the risk of OSAS."
It is advisable to closely monitor the post-surgical
population for the emergence of OSAS following
palatoplasty. These patients and their families should
also be informed that postoperative medical or surgical
intervention might become necessary to address
OSAS. Cleft palate repair is necessary for functional
and aesthetic reasons, and decisions regarding surgical

timing should be made in consultation with healthcare
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professionals specializing in care of children with this
condition. Although the relationship between the
timing of cleft palate repair and OSAS risk in the cleft
population is still unclear, the potential risk of OSAS
should be carefully considered alongside the benefits
of timely palate repair for each individual case.

8. Adenotonsillar hypertrophy: Because of the
increased risk for OSAS in children with CLP with ATH,
a tonsillectomy and/or partial adenoidectomy should
be considered for OSAS management. Additional
surgical interventions may be necessary to address
airway obstruction, especially when there are
accompanying comorbidities that complicate the
management of OSAS.

9. Surgical techniques for treating velopharyngeal
insufficiency: Some surgical techniques to correct
VPl may increase the risk of OSAS." Clinicians must
be aware of these potential complications when
discussing surgical interventions for VPl management
in CLP patients. Treatment should be highly
individualized, balancing the benefits and risks of
surgical techniques, such as Furlow palatoplasty,
which may have a lower OSAS complication rate.
A multidisciplinary approach involving various
specialists is essential, as is educating families about
potential risks and symptoms.

10. Breastfeeding: The relationship between
breastfeeding and OSAS is complex. While breastfeeding
may have protective effects against sleep-disordered
breathing, conflicting findings suggest a potential
association between breastfeeding and OSAS in certain

cases.”™®

Breastfeeding should be prioritized over
bottle-feeding for children with CLP, with support
for mothers. We suggest that future longitudinal
prospective studies with more validated sampling
and diagnostic methods are needed to clarify the
relationship between breastfeeding and OSAS.
Despite the valuable insights gathered from
various studies compiled in this review, limitations
exist. Some studies included in our review employed

questionnaires to identify children with OSAS

symptoms instead of using PSG, which is the gold
standard method for diagnosis of OSAS. Because of
the substantial expenses involved and the disparity
between demand and available capacity, it is crucial
to establish criteria for referring patients for PSG. It is
essential to recognize a crucial difference between
children clinically diagnosed with OSAS and those
identified solely through symptom questionnaires. This
difference can affect how we determine the number
of children with OSAS among those with CLP. Some
children with OSAS might be overlooked because they
do not receive a PSG diagnosis. This issue might impact
our understanding of the prevalence of OSAS risk in
children with CLP.

Nevertheless, this compilation of research
sheds light on the multifaceted nature of OSAS risk
factors in children with CLP. This review should serve
not only as a resource for dental professionals and
healthcare providers caring for children with CLP but
also as a catalyst for future research. Understanding the
intricacies of OSAS risk within this particular population
remains limited. Hence, we strongly encourage future
research to investigate the risk factors related to OSAS
in children with repaired CLP to expand the horizons
of knowledge in this vital area of research, contributing

to improved care and outcomes for this population.
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