
No.1
Jan-Jun
ISSN 2822-0293 
(online)

Thai
Journal of
Orthodontics

ĊĕĆčĕĆúĔüøâĆĆĄéĔ÷ĂŌüģúą
þĿúĘħ����êýĔýúĘħ��

Ą�å��Ąė�ą���ā�ċ�������

 



Thai Journal of Orthodontics (Thai J Orthod, TJO) 
HZ�[OL�VɉJPHS�QV\YUHS�VM�[OL�;OHP�(ZZVJPH[PVU�VM�6Y[OVKVU[PZ[Z��Z[HUKZ�HZ�H�KV\ISL�ISPUK�WLLY�
YL]PL^LK�W\ISPJH[PVU�[OH[�JVTWYLOLUZP]LS`�JV]LYZ�HSS�HYLHZ�VM�6Y[OVKVU[PJZ�HUK�YLSH[LK�ÄLSKZ�

ISSN: 2822-0293 (Online)

:[HY[�`LHY!�2022

Language: English and Thai

7\ISPJH[PVU�MLL!�No Article Submission Charges and No Article Processing Charges (APC)

5\TILYZ�VM�YL]PL^LYZ�WLY�HY[PJSL!�At least 3 expert reviewers

5\TILYZ�VM�PZZ\LZ�WLY�`LHY!�2 issues (Semiannual; January-June and July-December)
This journal had been previously named ¸;OL�6USPUL�1V\YUHS�VM�;OHP�(ZZVJPH[PVU�VM�
6Y[OVKVU[PZ[Z��6�1�;OHP�(ZZVJ�6Y[OVK�¹�^P[O�0::5!������������6USPUL� launched in  
;OHPQV�^LIZP[L�ZPUJL������\U[PS�ÄYZ[�OHSM�VM������

,KP[VY�PU�*OPLM!

(ZZPZ[HU[�7YVMLZZVY�+Y��7HUUHWH[�*OHUTHULL 
Prince of Songkla University, Thailand 
WHUUHWH[�J'WZ\�HJ�[O�

(ZZVJPH[L�,KP[VY!

(ZZPZ[HU[�7YVMLZZVY�+Y��5HWH[�5HSHTSPHUN 
Chulalongkorn University, Thailand 
UHWH[�UH'JO\SH�HJ�[O

,KP[VYPHS�)VHYK����������!

7YVMLZZVY�:[L]LU�1��3PUKH\LY 
Virginia Commonwealth University, United States of America 
ZQSPUKH\']J\�LK\

7YVMLZZVY�+Y��)LULKPJ[�>PSTLZ 
Heinrich Heine University Düsseldorf, Germany 
^PSTLZ'TLK�\UP�K\LZZLSKVYM�KL

7YVMLZZVY�+Y��.VKMYL`�2LP[O 
University of Southampton, United Kingdom 
RTN'TYJ�ZV[VU�HJ�\R

7YVMLZZVY�+Y��;HRHZOP�6UV 
;VR`V�4LKPJHS�HUK�+LU[HS�<UP]LYZP[ �̀�1HWHU�̸ 
[�VUV�VY[Z'[TK�HJ�QW

7YVMLZZVY�+Y��4HY[`U�*VIV\YUL 
King’s College London, United Kingdom 
THY[`U�JVIV\YUL'RJS�HJ�\R

  1 Thai Journal of Orthodontics



,KP[VYPHS�)VHYK����������!

7YVMLZZVY�+Y��2LL�1VVU�3LL 
Yonsei University, Korea 
VY[OVQU'`\OZ�HJ

7YVMLZZVY�+Y��(PKH�5\Y�(ZOPRPU�(IK�9HOTHU� 
Universiti Teknologi MARA, Malaysia 
HPKHFU\YHZOPRPU'\P[T�LK\�T`

7YVMLZZVY�+Y��(UHUK�4HY`H 
University of Puthisastra, Cambodia 
HTHY`H'W\[OPZHZ[YH�LK\�RO

(ZZVJPH[L�7YVMLZZVY�+Y��*OUN�*OHP�2PH[ 
Ministry of Health, Singapore 
JOUNFJOHPFRPH['TVO�NV]�ZN

(ZZVJPH[L�7YVMLZZVY�+Y��6S\^HI\UTP�;VRLKL 
UTHealth Houston School of Dentistry, United States of America 
VS\^HI\UTP�[VRLKL'\[O�[TJ�LK\

(ZZPZ[HU[�7YVMLZZVY�+Y��0ZSHT`�9HOTHO�/\[HTP� 
Sultan Agung Islamic University, Indonesia 
YHOTH�O\[HTP'\UPZZ\SH�HJ�PK

+Y��5HYH`HU�/��.HUKLKRHY� 
The University of Sydney, Australia 
UHYH`HU�NHUKLKRHY'Z`KUL �̀LK\�H\

7YVMLZZVY�+Y��*OPKJOHUVR�3LL[OHUHR\S 
Prince of Songkla University, Thailand 
JOPKJOHUVR�S'WZ\�HJ�[O

*SPUPJHS�7YVMLZZVY�5P[H�=P^H[[HUH[PWH 
Mahidol University, Thailand 
5P[H]P^'OV[THPS�JVT

(ZZVJPH[L�7YVMLZZVY�+Y��<KVT�;OVUN\KVTWVYU 
Prince of Songkla University, Thailand 
\KVT�['WZ\�HJ�[O

(ZZVJPH[L�7YVMLZZVY�+Y��)HUJOH�:HTY\HQILUQHR\U 
Prince of Songkla University, Thailand 
ZHTY\HQ'OV[THPS�JVT

(ZZVJPH[L�7YVMLZZVY�+Y��7PU[\�VU�*OHU[HYH^HYH[P[ 
Chulalongkorn University, Thailand 
WPU[\VU'NTHPS�JVT

(ZZVJPH[L�7YVMLZZVY�+Y��*OPKZHU\�*OHUNZPYPW\U 
Chulalongkorn University, Thailand 
*OPKZHU\�*'JO\SH�HJ�[O

2  



,KP[VYPHS�)VHYK����������!

(ZZVJPH[L�7YVMLZZVY�+Y��7PWVW�:\[[OPWYHWHWVYU 
Khon Kaen University, Thailand 
WPWVWZ����'NTHPS�JVT

(ZZVJPH[L�7YVMLZZVY�+Y��2HUPJO�;YPW\^HIOY\[ 
Chiang Mai University, Thailand 
RHUPJO�['JT\�HJ�[O

(ZZPZ[HU[�7YVMLZZVY�+Y��:\[P^H�)LUQHR\S 
Thammasat University, Thailand 
JHYLKLU[PZ['OV[THPS�JVT

(ZZPZ[HU[�7YVMLZZVY�+Y��2\S[OPKH�7HYHRVU[O\U 
Srinakharinwirot University, Thailand 
R\S[OPKH�VY['NTHPS�JVT

+Y��;HUHU�1HY\WYHRVYU 
Thai Association of Orthodontists, Thailand   
[HUHUFNVY'`HOVV�JVT

+Y��;OLLYHZHR�5HRVYUUVP 
Mahidol University, Thailand 
[aUHRVYUUVP'NTHPS�JVT

(K]PZVY`�)VHYK����������!

(ZZVJPH[L�7YVMLZZVY�+Y��:VTJOHP�:H[YH]HOH 
Thai Association of Orthodontists, Thailand 
ZHTZ\UZOPUL�'`HOVV�JVT

7YVMLZZVY�:TVYU[YLL�=P[LWVYU 
Chulalongkorn University, Thailand 
ZTVYU[YLL'OV[THPS�JVT

,TLYP[\Z�*SPUPJHS�7YVMLZZVY�1PYHWVYU�*OHP^H[ 
Mahidol University, Thailand 
1PYHWVYU�JOP'THOPKVS�HJ�[O

,TLYP[\Z�*SPUPJHS�7YVMLZZVY�7HZZPYP�5PZHSHR 
Mahidol University, Thailand 
7HZZPYP�UPZ'THOPKVS�HJ�[O

,TLYP[\Z�7YVMLZZVY�+OPYH^H[�1V[PRHZ[OPYH 
Chiang Mai University, Thailand 
KOPYH^H[�Q'NTHPS�JVT

*SPUPJHS�7YVMLZZVY�7VYUYHJOHULL�:H^HLUNRP[ 
Mahidol University, Thailand 
7VYUYHJOHULL�ZH^'THOPKVS�HJ�[O

*SPUPJHS�7YVMLZZVY�5P^H[�(U\^VUNU\RYVO 
Mahidol University, Thailand 
5P^H[�HU\'THOPKVS�HJ�[O

  3 



(K]PZVY`�)VHYK����������!

(ZZVJPH[L�7YVMLZZVY�+Y��*OHPYH[�*OHYVLTYH[YV[L 
Prince of Songkla University, Thailand 
TL[HSIYHJRL['OV[THPS�JVT

(ZZVJPH[L�7YVMLZZVY�4HYHZYP�*OHP^VYH^P[R\S 
Chiang Mai University, Thailand 
THYHZYP�JOHP'JT\�HJ�[O

(ZZPZ[HU[�7YVMLZZVY�2HUSH`H�0UZLL 
Thammasat University, Thailand  
PRHUSH`H'[\�HJ�[O

(ZZPZ[HU[�7YVMLZZVY�9H[JOH^HU�;HUZHSHYHR 
Naresuan University, Thailand  
YH[JOH^HU['U\�HJ�[O

+Y��9\HUNYH[�2VTVSWPZ 
Thai Association of Orthodontists, Thailand 
THPS�T\P'NTHPS�JVT

+Y��;OHJOWHU�7VVU[H^LLRPH[ 
Thai Association of Orthodontists, Thailand 
[OHJOWHU'NTHPS�JVT

+Y��(UJOHSPRH�:HUN\HUKLLR\S 
Princess Maha Chakri Sirindhorn Medical Center, Thailand 
U\QLHI �'OVYTHPS�JVT

+Y��1\YLL�*OPU[H^VUN]HUPJO 
Bangkok Private Practice, Thailand 
Q\YLLJO'OV[THPS�JVT

+Y��5LLYHUHY[�;OPYHZ\WH 
Srinakharinwirot University, Thailand 
ULLYHUHY['N�Z^\�HJ�[O

+Y��5H[[OH^LL�7OHVZLYLL 
Khon Kaen University, Thailand 
]PL^F]\'OV[THPS�JVT

+Y��:PYPU[PW�:YPZL[[HUPS� 
Institute of Dentistry, Thailand 
TVQP���'OV[THPS�JVT

+Y��2OP[WHYH[�2HTVS[OHT 
Rangsit University, Thailand 
IYPNO[LUIYPNO['NTHPS�JVT

4  



Thai Journal of Orthodontics
ĊĕĆčĕĆúĔüøâĆĆĄéĔ÷ĂŌüģúą

13

6

21

31

41

68

6JCK�,�1TVJQF�8QN�����0Q�����������Ċ�úĔüø�éĔ÷ĂŌü�ģúą�þĿúĘħ�����ê�������

čĕĆýĔîCONTENTS

 Original article

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

Comparison of Anterior Maxillary Root Surface Areas  
in Patients with Normal Overjet and Large Overjet using 
Cone Beam Computed Tomography

  Suchada Limsiriwong
  Khitparat Kamoltham
  Hataichanok Charoenpong
  Rutapakon Insawak
  Apichart Veerawattanatigul

The Change of Occlusal Bite Force during Clear Aligner 
Treatment and Squeezing Exercise
  Wisama Withayanukonkij
  Chidchanok Leethanakul
  Sakarin Tangpothitham

 Case Report

Distraction Osteogenesis in Cleidocranial Dysostosis:  
A Case Report

  Wipapun Ritthagol
  Thongchai Nuntanaranont

 Review article

Relationship between Obstructive Sleep Apnea and 
Extraction Teeth in Orthodontic Treatment

  Wanchaloem Theprungsirikul
  Pipop Sutthiprapaporn

Risk Factors Related to Obstructive Sleep Apnea 
Syndrome in Children with Repaired Cleft Lip and 
Palate 

  Chinnakrij Posiri
  Marasri Chaiworawitkul

ÝĚĩęþĩĐēİŤĒŞĞę

øĩĚēţĩČĨċęĮċøĚħċİøĶĐēİŤĒŞĞęĵĚûķûĜĵċĳûĚĳĐĬęĜċīġĤĤġĵČĂīġ�Ý
ĚĩęþĩĐēİŤĒŞĞęÝ

Ý Ý ĞīėĩĕĚĚĊÝěĎďīĿčøĜ
Ý Ý ďþāĨęÝĐĨĐĎĐĚĩĐĐĎŧ

ÝđĎûĞĩĘĒĚīĎĨğĐŧ

ûĞĩĘġĨĘĕĨĐďŧĚħĢĞţĩþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ 
ĴĜħøĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚčĤĐĖũĐ

Ý Ý ĞĨĐĳĀĜīĘÝĳĎĕĚĨþğīĚīøįĜ
Ý Ý ėīėĕÝġįĎďīĒĚħėĩėĚĊŧ

Risk Factors Related to Obstructive Sleep Apnea 
Syndrome in Children with Repaired Cleft Lip and 
Palate 

Ý Ý āīĐøěČÝĵĕďīĿğīĚī
Ý Ý ĘĩĚğĚĬÝāĨęĞĚĞīĎęŧøįĜ

ÝđĎĞīĎęĩøĩĚ

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

Comparison of Anterior Maxillary Root Surface Areas  
in Patients with Normal Overjet and Large Overjet 
using Cone Beam Computed Tomography

  ġįāĩċĩÝĢĜīĘğīĚīĞþĠŧ
Ý Ý øīČČīĿėĩĚĨāÝøĘĜďĚĚĘ
Ý Ý ĢĎĨęāĐøÝĳÿĚīĄĕþğŧ
Ý Ý ĚįĎĩĒøĚÝĤīĐĎĚŧĳġĞø
Ý Ý ĤėīāĩČÝĞĬĚĞĨĉĐĩďīøįĜ

The Change of Occlusal Bite Force during Clear  
Aligner Treatment and Squeezing Exercise

Ý Ý ĞīġĘĩÝĞīĎęĩĐįøĚøīÿ 
Ý Ý āīċāĐøÝĜĬďĐħøįĜ 
Ý Ý ğĨøĚīĐĎĚŧÝČĨļþĵĕďīďĚĚĘ

  5 



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*****

đĎĞīĎęĩøĩĚ

Original article  

Abstract

Background: Transverse maxillary constriction is commonly found in skeletal discrepancies. Growth  
PGÝUIFÝNBYJMMBÝ JOÝUIFÝUSBOTWFSTFÝQMBOFÝ JTÝ SFÜFDUFEÝCZÝNJEQBMBUBMÝTVUVSFÝNBUVSBUJPOÝTUBUVT�Ý1SFWJPVTÝTUVEJFTÝ
BUUFNQUFEÝUPÝBTTFTTÝUIFÝNJEQBMBUBMÝTVUVSFÝNBUVSBUJPO�Ý)PXFWFS
ÝMJUFSBUVSFÝPGÝUIFÝFWBMVBUJPOÝPGÝ.14ÝNBUVSBUJPOÝ 
VTJOHÝDPOFÝCFBNÝDPNQVUFEÝUPNPHSBQIZÝ	$#$5
ÝTUJMMÝXBTÝMJNJUFE�ÝObjective: The purpose of the study was 
UPÝFWBMVBUFÝUIFÝEJGGFSFOUÝNBUVSBUJPOÝTUBHFTÝPGÝNJEQBMBUBMÝTVUVSFÝBNPOHÝBEPMFTDFOUTÝBOEÝBEVMUTÝVTJOHÝ$#$5�Ý 
Materials and methods:Ý5IFÝTBNQMFÝDPNQSJTFEÝ���Ý$#$5ÝSFQPSUTÝPGÝTVCKFDUT�Ý5IFÝJNBHFTÝXFSFÝFYQPSUFEÝUPÝ�%Ý 
imaging software, where axial sections were used for the suture maturation stages evaluation. The investigators  
JOUFSQSFUFEÝUIFÝJNBHFTÝUPÝFTUBCMJTIÝUIFÝTUBHJOHÝPGÝTVUVSFÝNBUVSBUJPOÝBDDPSEJOHÝUPÝUIFÝNPSQIPMPHJDÝDIBSBDUFSJTUJDTÝ 
JOÝ ÛWFÝNBUVSBUJPOBMÝ TUBHFTÝ 	"Ý UPÝ &
�Ý 5IFÝ TUBUJTUJDBMÝ BOBMZTJTÝ XBTÝ QFSGPSNFEÝ 	PÝ �Ý ����
�ÝResults: The most 
GSFRVFOUMZÝPCTFSWFEÝNBUVSBUJPOBMÝTUBHFÝJOÝNJEQBMBUBMÝTVUVSFÝXBTÝTUBHFÝ%Ý	��Ý�

ÝGPMMPXFEÝCZÝTUBHFÝ$Ý	�����Ý�
Ý 
BOEÝ TUBHFÝ &Ý 	�����Ý�
Ý JOÝNJYFEÝ BHFÝ TBNQMFT�Ý .BMFTÝ TIPXFEÝ BÝ IJHIFSÝ PDDVSSFODFÝ PGÝ TUBHFÝ %Ý 	�����Ý�
 
DPNQBSFEÝ UPÝ GFNBMFTÝ 	�����Ý�
�ÝConclusion: 4UBHFÝ %ÝXBTÝ UIFÝNPTUÝ DPNNPOÝNBUVSBUJPOÝ TUBHFÝ PCTFSWFE�Ý 
5IFÝDPNNPOÝPDDVSSFODFÝPGÝTUBHFÝ%ÝJOÝUIFÝTUVEZÝHSPVQÝJOEJDBUFTÝBÝHSFBUFSÝMJLFMJIPPEÝPGÝPQFOÝNJEQBMBUBMÝTVUVSFÝ
in adolescents and young adults.

Keywords: $POFÝCFBNÝDPNQVUFEÝUPNPHSBQIZ
Ý.BUVSBUJPOÝTUBHFT
Ý.JEQBMBUBMÝTVUVSFÝ

Ý �Ý 1PTUHSBEVBUFÝTUVEFOU
Ý,BOUJQVSÝ%FOUBMÝ$PMMFHFÝBOEÝ5FBDIJOHÝ)PTQJUBM
Ý,BUINBOEV
Ý/FQBM
Ý ��Ý 1SPGFTTPS
Ý,BOUJQVSÝ%FOUBMÝ$PMMFHFÝBOEÝ5FBDIJOHÝ)PTQJUBM
Ý,BUINBOEV
Ý/FQBMÝ
Ý ���Ý "TTPDJBUFÝ1SPGFTTPS
Ý,BOUJQVSÝ%FOUBMÝ$PMMFHFÝBOEÝ5FBDIJOHÝ)PTQJUBM
Ý,BUINBOEV
Ý/FQBM
Ý ����Ý "TTJTUBOUÝ1SPGFTTPS
Ý,BOUJQVSÝ%FOUBMÝ$PMMFHFÝBOEÝ5FBDIJOHÝ)PTQJUBM
Ý,BUINBOEV
Ý/FQBMÝ
Ý�����Ý %FOUBMÝ4VSHFPO
Ý,BOUJQVSÝ%FOUBMÝ$PMMFHFÝBOEÝ5FBDIJOHÝ)PTQJUBM
Ý,BUINBOEV
Ý/FQBM
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Introduction

"OBUPNJDBMMZ
Ý B� TVUVSF� JTÝ BÝ GJCSPVTÝ KPJOUÝ UIBUÝ
DPOOFDUTÝUIFÝCPOF��Ý.JEQBMBUBMÝTVUVSFÝ	.14
ÝÝTUBSUTÝBUÝ
posterior site of the palatomaxillary suture and extends 
longitudinally to the nasopalatine foramen on the 
QBMBUBMÝCPOF�2 4JDIFSÝFNQIBTJ[FEÝUIFÝ JNQPSUBODFÝPGÝ
sutures in craniofacial growth and adaptation in early 
����¿T��Ý.FMTFO¿TÝTUVEZÝJEFOUJÛFEÝUISFFÝEFWFMPQNFOUBMÝ
stages of the median suture in histological sections, 
XIJDIÝJODMVEFEÝBÝCSPBEÝBOEÝ:�TIBQFEÝTUBHF
ÝBÝTJOVPVTÝ
stage, and an interdigitating stage.�Ý "OHFMJFSJÝ FUÝ BM�Ý
EFÛOFEÝÛWFÝTUBHFTÝPGÝNBUVSBUJPOÝGPSÝUIFÝNJEQBMBUBMÝ
TVUVSFÝCBTFEÝPOÝDPOFÝCFBNÝDPNQVUFEÝUPNPHSBQIJDÝ
JNBHFT
ÝMBCFMFEÝBTÝTUBHFÝ"
Ý#
Ý$
Ý%
ÝBOEÝ&�� 

5SBOTWFSTFÝNBYJMMBSZÝ EFÛDJFODZÝ JTÝ BÝ DPNNPOÝ
TLFMFUBMÝ EJTDSFQBODZ�Ý "CPVUÝ ��Ý�Ý PGÝ BEVMUÝ QBUJFOUTÝ
present with transverse maxillary constriction.5Ý1SFWJPVTÝ
TUVEZÝIBWFÝTIPXOÝUIBUÝUIFÝHSPXUIÝPGÝ.14ÝJTÝUIFÝNPTUÝ
important factor for determining the transverse width 
of the maxilla.2 Lack of growth in adults limit the 
option for functional orthopedic intervention. However, 
NJOJTDSFXÝ BTTJTUFEÝ SBQJEÝQBMBUBMÝ FYQBOTJPOÝ 	."31&

Ý
TVSHJDBMMZÝBTTJTUFEÝSBQJEÝQBMBUBMÝFYQBOTJPOÝ	4"31&

ÝBOEÝ
PSUIPHOBUIJDÝTVSHFSZÝBSFÝQPTTJCMFÝPQUJPOTÝGPSÝDPSSFDUJOHÝ
UIFÝUSBOTWFSTFÝTLFMFUBMÝEFÛDJFODJFTÝJOÝBEVMUT��
�Ý."31&Ý
XBTÝFGGFDUJWFÝJOÝ����Ý�ÝPGÝMBUFÝBEPMFTDFOUTÝBOEÝBEVMUTÝ
for correcting transverse malocclusion.7 Many studies 
IBWFÝ TIPXOÝ WBSJBCJMJUZÝ JOÝNBUVSBUJPOÝ PGÝ.14ÝXIJDIÝ
are essential to predict the effect of rapid maxillary 
expansion in adolescents and adults.�
�
�
� 

The research question in the present study is 
XIFUIFSÝUIFÝBHFÝEJGGFSFODFÝJTÝBÝSFMJBCMFÝQBSBNFUFSÝUPÝ
determine the developmental status of midpalatal 
suture. Thus, the aim of the study was to assess various 
NBUVSBUJPOÝTUBHFTÝPGÝNJEQBMBUBMÝTVUVSFÝVTJOHÝ$#$5�Ý

Materials and methods  

"OÝPCTFSWBUJPOBMÝDSPTT�TFDUJPOBMÝTUVEZÝVTJOHÝUIFÝ
TFDPOEBSZÝEBUBÝXBTÝDPOEVDUFEÝBUÝUIFÝ%FQBSUNFOUÝPGÝ
0SUIPEPOUJDT
Ý ,BOUJQVSÝ%FOUBMÝ $PMMFHFÝ BOEÝ)PTQJUBM
Ý

,BUINBOEVÝEVSJOHÝ.BSDI�"QSJMÝ����ÝBGUFSÝPCUBJOJOHÝUIFÝ
ethical approval from institutional review committee 
	3FGÝ/P�Ý�����
�Ý5IFÝTBNQMJOHÝUFDIOJRVFÝXBTÝSBOEPNÝ
TBNQMJOH�Ý"ÝUPUBMÝPGÝ���ÝTVCKFDUTÝNFFUJOHÝUIFÝJODMVTJPOÝ
DSJUFSJBÝXFSFÝTFMFDUFEÝGPSÝUIFÝTUVEZ�Ý5IFÝTVCKFDUTÝXFSFÝ
BHFEÝCFUXFFOÝ�����ÝZFBSTÝXJUIÝUIFÝHPPEÝRVBMJUZÝ$#$5Ý
JNBHFTÝTIPXJOHÝ UIFÝFOUJSFÝQBMBUF�Ý4VCKFDUTÝXJUIÝ UIFÝ
record of craniofacial trauma, craniofacial neoplasm, 
craniofacial deformity, and a history of previous 
PSUIPEPOUJD�EFOUPGBDJBMÝ PSUIPQFEJDÝ USFBUNFOUÝ BOEÝ
orthognathic surgeries were excluded. The data for 
TBNQMFÝTJ[FÝDBMDVMBUJPOÝXBTÝCBTFEÝPOÝUIFÝTUVEZÝEPOFÝ
CZÝ"OHFMJFSJÝFUÝBM��

8IFSF
Ý/Ý�ÝNJOJNVNÝTBNQMFÝTJ[F
Ý;Ý�Ý����ÝBUÝ��Ý� 
DPOÛEFODFÝJOUFSWBM
ÝQÝ	QSFWBMFODF
Ý�Ý��Ý�ÝQSFWBMFODFÝ
PGÝTUBHFÝ$ÝPGÝNJEQBMBUBMÝTVUVSFÝNBUVSBUJPO
ÝRÝ�Ý��Q
ÝBOEÝ 
FÝ�ÝNBYJNVNÝUPMFSBCMFÝFSSPSÝPGÝ�����Ý5IFÝTBNQMFÝTJ[FÝ
XBTÝEFUFSNJOFEÝBTÝ���ÝTVNNJOHÝUIFÝ��Ý�ÝQFSNJTTJCMFÝ
FSSPS�Ý %BUBÝ JOGPSNBUJPOÝ TIFFUÝ XBTÝ VTFEÝ UPÝ DPMMFDUÝ
UIFÝ JOGPSNBUJPOÝ GSPNÝ UIFÝ TBNQMFT�Ý $#$5Ý TDBOTÝ PGÝ
UIFÝNBYJMMBÝ PCUBJOFEÝ GSPNÝ UIFÝ %FQBSUNFOUÝ PGÝ 0SBMÝ
3BEJPMPHZ
Ý,BOUJQVSÝ%FOUBMÝ$PMMFHFÝBOEÝ)PTQJUBMÝXFSFÝ
VTFE�Ý4DBOTÝPCUBJOFEÝVTJOHÝUIFÝTUBOEBSEJ[FEÝQSPUPDPMÝ
BUÝ��ÝL7
Ý���ÝN"
Ý�����ÝTFDPOE
ÝWPYFMÝTJ[FÝPGÝ���ÝBOEÝ
��ë��ÝDNÝÛFMEÝPGÝWJFX�Ý6TJOHÝ$BSFTUSFBNÝ�%ÝJNBHJOHÝ
TPGUXBSFÝWFSTJPOÝ������
Ý UIFÝ TDBOÝXBTÝFYQPSUFEÝBOEÝ
read on orthogonal slicing view which were evaluated 
JOÝBÝTUBOEBSEJ[FEÝXBZ�Ý5IFÝTVCKFDU¿TÝIFBEÝXBTÝBEKVTUFEÝ
TVDIÝUIBUÝUIFÝQBMBUBMÝCPOFÝXBTÝBTTFTTFEÝBUÝUIFÝDFOUSBMÝ
JODJTPSÝSFHJPOÝXJUIÝUIFÝIPSJ[POUBMÝSFGFSFODFÝMJOFÝJOÝUIFÝ
median region of the palate in the sagittal section. 
*OÝ$#$5ÝTDBOT
Ý UIFÝQBMBUFÝBQQFBSFEÝBTÝBÝTJOHMFÝ UIJOÝ
SBEJPÝ PQBRVFÝ MJOF�Ý IFODF
Ý UIFÝ IPSJ[POUBMÝ SFGFSFODFÝ
line was placed as close to the center of the radio 
PQBRVFÝQBMBUF�Ý"YJBMÝ TFDUJPOÝPGÝ UIFÝ$#$5ÝXBTÝVTFEÝ
GPSÝ UIFÝDMBTTJÛDBUJPOÝPGÝNBUVSBUJPOÝTUBHFTÝ 	'JHVSFÝ�
�Ý 
5IFÝWJTVBMJ[BUJPOÝBOEÝDMBTTJÛDBUJPOÝPGÝUIFÝNBUVSBUJPOÝTUBHFTÝ
PGÝUIFÝ.14Ý	'JHVSFÝ�ÝBOEÝ�
ÝXBTÝDPOEVDUFEÝBDDPSEJOHÝUPÝ 
UIFÝNFUIPEÝ PGÝ "OHFMJFSJÝ FUÝ BM��Ý4VUVSFÝNBUVSBUJPOÝ
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Figure 1 Ý$#$5ÝJNBHFÝJOÝTBHJUUBM
ÝDPSPOBMÝBOEÝÝBYJBMÝTFDUJPO
	*NBHFÝTPVSDF�Ý'SPNÝUIFÝTUVEZÝTBNQMFT


Figure 2  4DIFNBUJDÝESBXJOHÝPGÝUIFÝNBUVSBUJPOÝTUBHFTÝPCTFSWFEÝJOÝUIFÝNJEQBMBUBMÝTVUVSFÝ 
	3FESBXOÝGSPNÝ"OHFMJFSJÝFUÝBM¿TÝTUVEZ�


Figure 3ÝÝ%FDJTJPOÝUSFFÝGPSÝDMBTTJÛDBUJPOÝPGÝUIFÝNBUVSBUJPOÝTUBHFTÝPGÝUIFÝNJEQBMBUBMÝTVUVSFÝ
	.PEJGJFEÝGSPNÝ"OHFMJFSJÝFUÝBM¿TÝTUVEZ�


Yes

No No

No

No Yes

Yes Yes
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Figure 4Ý%JTUSJCVUJPOÝPGÝNJEQBMBUBMÝTVUVSFÝNBUVSBUJPOBMÝTUBHFT

stages were determined according to age groups i.e. 
adolescents, young adults, and adults as per the 
DMBTTJÛDBUJPOÝPGÝ8PSMEÝ)FBMUIÝ0SHBOJ[BUJPOÝBOEÝ1SPGÛUÝ
et al.�
��Ý

%BUBÝNBOBHFNFOUÝBOEÝBOBMZTJTÝXBTÝEPOFÝVTJOHÝ
4144ÝWFSTJPOÝ��Ý	"SNPOL
Ý/:�Ý*#.
Ý5ISFFÝJOWFTUJHBUPSTÝ
JOUFSQSFUFEÝUIFÝJNBHFTÝUPÝFTUBCMJTIÝUIFÝTUBHJOHÝPGÝTVUVSFÝ
maturation according to its morphologic characteristics 
JOÝÛWFÝNBUVSBUJPOBMÝTUBHFTÝ	TUBHF�Ý"
Ý#
Ý$
Ý%ÝBOEÝ&
ÝBTÝ
QSPQPTFEÝCZÝ"OHFMJFSJÝFUÝBM��ÝThe kappa statistics was 
BQQMJFEÝ GPSÝ JOUFS�FYBNJOFSÝNFBTVSFNFOUÝ FSSPSÝ XJUIÝ
LBQQBÝWBMVFÝPGÝ�ÝBTÝUIFÝUPUBMÝBHSFFNFOU�

Results

5IFÝTBNQMFÝDPNQSJTFEÝPGÝ���Ý$#$5ÝSFQPSUTÝPGÝ
���ÝNBMFÝBOEÝ��ÝGFNBMFÝTVCKFDUTÝBHFEÝ��ÝUPÝ��ÝZFBSTÝ
	NFBOÝBHFÝ�Ý�����Ý± �����ÝZFBST
�ÝXIJDIÝXBTÝGVSUIFSÝ
DMBTTJÛFEÝJOÝUISFFÝBHFÝHSPVQT�ÝBEPMFTDFOUTÝ	��ÝUPÝ��Ý
ZFBST

Ý ZPVOHÝ BEVMUTÝ 	�Ý ��Ý UPÝ ��Ý ZFBST
Ý BOEÝ BEVMUTÝ 
	�Ý ��Ý ZFBST
�Ý 5IFÝ NBUVSBUJPOBMÝ TUBHFÝ NPTUÝ PGUFOÝ
PCTFSWFEÝJOÝUIFÝTUVEZÝXBTÝTUBHFÝ%Ý	/Ý�Ý���
�Ý4UBHFÝ"ÝXBTÝ
OPUÝSFQPSUFEÝJOÝUIFÝTUVEZ�Ý5IFÝGSFRVFODZÝEJTUSJCVUJPOÝ
PGÝTVCKFDUTÝXJUIÝSFTQFDUÝUPÝ.14ÝNBUVSBUJPOÝTUBHFTÝJTÝ
HJWFOÝJOÝ'JHVSFÝ��Ý4UBHFÝ%ÝXBTÝUIFÝNPTUÝQSFWBMFOUÝ	��Ý�

Ý

GPMMPXJOHÝCZÝTUBHFÝ$ÝBOEÝ&Ý 	�����Ý�

ÝBOEÝUIFÝ MFBTUÝ
XBTÝTUBHFÝ#Ý	�Ý�
�

3FHBSEJOHÝ UIFÝ EJTUSJCVUJPOÝ PGÝ BHFÝ HSPVQTÝ JOÝ
NBUVSBUJPOÝTUBHFTÝ	5BCMFÝ�
�Ý/PÝJOEJWJEVBMTÝXFSFÝGPVOEÝ
JOÝTUBHFÝ"ÝBDSPTTÝBOZÝBHFÝHSPVQ�Ý"NPOHÝBEPMFTDFOUT
Ý
TUBHFÝ$ÝXBTÝNPTUÝQSFWBMFOUÝ 	�����Ý�

Ý GPMMPXFEÝCZÝ 
TUBHFÝ%Ý	�����Ý�

ÝTUBHFÝ#Ý	�����Ý�

ÝBOEÝTUBHFÝ&Ý	����Ý�
�Ý 
*OÝZPVOHÝBEVMUT
ÝTUBHFÝ%ÝCFDBNFÝUIFÝNPTUÝQSFWBMFOUÝ
	�����Ý �

Ý GPMMPXFEÝ CZÝ TUBHFTÝ $Ý BOEÝ &Ý 	�����Ý � 
FBDI
�Ý"EVMUTÝPOMZÝEJTQMBZFEÝTUBHFTÝ%ÝBOEÝ'
ÝXJUIÝTUBHFÝ
'ÝCFJOHÝ UIFÝNPTUÝQSFWBMFOUÝ 	�����Ý�
Ý DPNQBSFEÝ UPÝ
TUBHFÝ%Ý	�����Ý�
�

*UÝXBTÝ OPUFXPSUIZÝ UIBUÝ TUBHFÝ #ÝXBTÝ FYDMVTJWFÝ
UPÝ BEPMFTDFOUT
Ý XIJMFÝ TUBHFÝ $Ý BQQFBSFEÝ JOÝ CPUIÝ
BEPMFTDFOUTÝBOEÝZPVOHÝBEVMUT�Ý4UBHFTÝ%ÝBOEÝ&ÝXFSFÝ
presented in all age groups. Interestingly, the most 
QSFWBMFOUÝTUBHFÝTIJGUFEÝBDSPTTÝBHFÝHSPVQT�ÝTUBHFÝ$ÝJOÝ
BEPMFTDFOUT
ÝTUBHFÝ%ÝJOÝZPVOHÝBEVMUT
ÝBOEÝTUBHFÝ'ÝJOÝ
adults.

'JHVSFÝ�ÝEJTQMBZFEÝUIFÝGSFRVFODZÝEJTUSJCVUJPOÝPGÝ
TVUVSFÝNBUVSBUJPOÝTUBHFTÝCZÝHFOEFS�Ý.BMFTÝFYIJCJUFEÝ
a higher frequency than females across all maturation 
TUBHFT�Ý4UBHFÝ%ÝXBTÝUIFÝNPTUÝDPNNPOÝTUBHFÝGPSÝCPUIÝ
genders compared to other stages.

�
	� �
 N = 200

���
	�� �


��
	���� �


��
	���� �


4UBHFÝ#

4UBHFÝ$

4UBHFÝ%

4UBHFÝ&
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Discussion 

This study aimed to evaluate the maturation 
TUBHFTÝPGÝUIFÝNJEQBMBUBMÝTVUVSF
ÝXJUIÝBÝTQFDJÛDÝGPDVTÝ
POÝ JUTÝQPUFOUJBMÝCFOFÛUÝ JOÝUSFBUNFOUÝDBTFTÝ JOWPMWJOHÝ
USBOTWFSTFÝNBYJMMBSZÝEFÛDJFODJFT�Ý5SBOTWFSTFÝNBYJMMBSZÝ
EFÛDJFODJFTÝUIFNTFMWFTÝDPOTUJUVUFÝBÝDPNNPOÝTLFMFUBMÝ
discrepancy encountered in clinical practice.�
�Ý3BQJEÝ
NBYJMMBSZÝFYQBOTJPOÝ	3.&

ÝBOÝPSUIPQFEJDÝQSPDFEVSF
Ý
is a routine protocol to correct transverse maxillary 
DPOTUSJDUJPOÝJOÝQBUJFOUÝXJUIÝ.14ÝPQFOJOH�Ý)PXFWFS
ÝJOÝ
QBUJFOUTÝXJUIÝGVMMÝ.14ÝPTTJÛDBUJPO
Ý."31&ÝBOEÝ4"31&Ý
IBTÝCFFOÝSFDPNNFOEFE��
�
�
�

Table 1Ý %JTUSJCVUJPOÝPGÝBHFÝHSPVQTÝJOÝNBUVSBUJPOÝTUBHFT

Age group Stage A Stage B Stage C Stage D Stage E

"EPMFTDFOUT
	OÝ�Ý��


0 �Ý	�����Ý�
 ��Ý	�����Ý�
 �Ý	�����Ý�
 �Ý	����Ý�


:PVOHÝBEVMUT
	OÝ�Ý���


0 0 ��Ý	�����Ý�
 ��Ý	�����Ý�
 ��Ý	�����Ý�


"EVMUT
	OÝ�Ý��


0 0 0 �Ý	�����Ý�
 ��Ý	�����Ý�


Total 0 � �� ��� ��

Figure 5ÝÝ%JTUSJCVUJPOÝPGÝNJEQBMBUBMÝTVUVSFÝNBUVSBUJPOÝTUBHFTÝCFUXFFOÝHFOEFST

5IFÝBQQSPYJNBUFEÝBHFÝMJNJUÝUPÝTIJGUÝGSPNÝ3.&ÝUPÝ
."31&ÝPSÝ4"31&ÝJTÝOPUÝTUBUFEÝDMFBSMZÝJOÝUIFÝMJUFSBUVSF�Ý
4FWFSBMÝ TUVEJFTÝ SFDPNNFOEÝ UIFÝ VTFÝ PGÝ 3.&Ý CFGPSFÝ
QVCFSUZ��
�
�Ý0OÝDPOUSBSZ
ÝTUVEZÝCZÝ1FSTTPOÝBOEÝ5IJMBOEFSÝ
have shown the patients with open sutures even at 
UIFÝBHFTÝPGÝ��
Ý��
Ý��
ÝBOEÝ��ÝZFBST��� Thus, according 
UPÝ UIFÝ BVUIPST�Ý DISPOPMPHJDBMÝ BHFÝ JTÝ OPUÝ BÝ SFMJBCMFÝ
parameter to determine the developmental status of 
UIFÝ.14��
��Ý*OÝ����
Ý"OHFMJFSJÝFUÝBM� proposed a method 
PGÝDMBTTJÛDBUJPOÝPGÝ.14ÝNBUVSBUJPOÝTUBHFTÝVTJOHÝ$#$5�Ý*UÝ
JTÝBÝTJNQMFÝBOEÝSFMJBCMFÝQBSBNFUFSÝGPSÝDMJOJDBMÝEFDJTJPOÝ
NBLJOHÝBOEÝEPFTÝOPUÝEJGGFSÝCFUXFFOÝWBSJPVTÝNBDIJOFT�

4UBHFÝ# 4UBHFÝ$ 4UBHFÝ% 4UBHFÝ&

'FNBMF Male
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��

70

�Ý	����Ý�

�Ý	����Ý�


��Ý	����Ý�


��Ý	����Ý�
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*OÝUIFÝQSFTFOUÝTUVEZ
Ý/PÝTUBHFÝ"ÝXBTÝGPVOEÝJOÝ
TBNQMFÝBHFEÝ��ÝUPÝ��ÝZFBST�Ý5IJTÝÛOEJOHÝNBZÝCFÝMJOLFEÝ
UPÝBÝGBTUFSÝSBUFÝPGÝTLFMFUBMÝNBUVSBUJPOÝPCTFSWFEÝJOÝUIFÝ
"TJBOÝQPQVMBUJPO���Ý4UBHFÝ%ÝXBTÝUIFÝNPTUÝDPNNPOMZÝ
GPVOE
Ý GPMMPXFEÝCZÝ TUBHFTÝ$Ý BOEÝ&�Ý "OHFMJFSJÝ FUÝ BM�, 
demonstrated similar results, with the most frequent 
TUBHFÝCFJOHÝTUBHFÝ%
ÝGPMMPXFEÝCZÝ&
Ý$ÝBOEÝ#ÝJOÝBEVMUT�Ý
)PXFWFS
ÝUIFÝSFTVMUÝPCUBJOFEÝCZÝ-BEFXJHÝFUÝBM��ÝJOÝ����Ý
XBTÝEJGGFSFOUÝGSPNÝUIFÝQSFTFOUÝTUVEZ
ÝXIFSFÝTUBHFÝ$Ý
XBTÝNPTUÝGSFRVFOUMZÝPCTFSWFE�Ý

1SFWJPVTÝ MJUFSBUVSF� aligned with the present 
TUVEZÝ JOÝ SFQPSUJOHÝPCTFSWBUJPOTÝPGÝ TUBHFÝ#ÝVQÝ UPÝ��Ý
ZFBSTÝ PGÝ BHF�Ý /PUBCMZ
Ý ZPVOHÝ BEVMUTÝ FYIJCJUFEÝ UIFÝ
IJHIFTUÝQSFWBMFODFÝPGÝTUBHFTÝ$ÝBOEÝ%
ÝXIJMFÝTUBHFÝ&Ý
XBTÝNPSFÝQSFWBMFOUÝJOÝBEVMUT
ÝBTÝFYQFDUFE�Ý5IJTÝÛOEJOHÝ
aligned with the understanding that these latter stages 
SFQSFTFOUÝUIFÝQBSUJBMÝPSÝUPUBMÝPTTJÛDBUJPOÝPGÝUIFÝTVUVSF�Ý
"DDPSEJOHÝUPÝ"OHFMJFSJÝFUÝBM
�Ý����Ý�ÝPGÝ UIFÝTVCKFDUTÝ
BCPWFÝ ��Ý ZFBSTÝ XFSFÝ JOÝ TUBHFÝ %Ý PSÝ &�Ý 5IJTÝ WBMVFÝ JTÝ
IJHIFSÝDPNQBSFEÝUPÝUIFÝQSFTFOUÝTUVEZ
ÝXIFSFÝ����Ý�Ý
PGÝTVCKFDUTÝBCPWFÝ��ÝZFBSTÝXFSFÝQSFTFOUFEÝXJUIÝTUBHFÝ
%ÝPSÝ&ÝPGÝTVUVSBMÝNBUVSBUJPO�Ý5IJTÝEJGGFSFODFÝNBZÝCFÝ
BUUSJCVUFEÝ UPÝ HFOFUJDÝ PSÝ FOWJSPONFOUBMÝ GBDUPSTÝ BOEÝ
variations in the samples.��

"Ý QSJPSÝ TUVEZÝ TVHHFTUFEÝ UIBU
Ý UIPVHIÝ UIFSFÝ JTÝ 
BÝDIBODFÝGPSÝ3.&ÝUSFBUNFOUÝJOÝZPVOHÝBEVMUT�ÝBHFÝBOEÝ
HFOEFSÝGBDUPSTÝEFFNFEÝJNQPSUBOUÝCVUÝBSFÝOPUÝBMXBZTÝ
UIFÝSFMJBCMFÝQBSBNFUFSTÝGPSÝEFUFSNJOJOHÝ.14ÝGVTJPOÝJOÝ
DMJOJDBMÝEFDJTJPO�NBLJOH���Ý

The assessment of midpalatal suture maturation 
VTJOHÝ$#$5ÝDMBTTJÛDBUJPOÝNFUIPE�ÝNBZÝQSPWJEFÝSFMJBCMFÝ
JOGPSNBUJPOÝGPSÝDMJOJDBMÝEFDJTJPOÝCFUXFFOÝ3.&ÝPSÝ4"31&�Ý
#BTFEÝ POÝ UIFÝ QSPQPTFEÝ TUBHJOHÝNFUIPE� suggested 
DPOWFOUJPOBMÝ3.&ÝBQQSPBDIÝ JOÝ TUBHFTÝ"ÝBOEÝ#
ÝXJUIÝ
NPSFÝ TLFMFUBMÝ FGGFDUTÝ PCTFSWFEÝ UIBOÝ JOÝ TUBHFÝ $�Ý 
8IFSFBT
Ý."31&ÝBOEÝ4"31&ÝBSFÝCFUUFSÝUSFBUFEÝJOÝTUBHFTÝ
%ÝBOEÝ&ÝCFDBVTFÝPGÝUIFÝUPUBMÝPSÝQBSUJBMÝGVTJPOÝPGÝUIFÝ
midpalatal suture.

*OÝUIFÝQSFTFOUÝTUVEZ
ÝUIFÝ$#$5ÝEBUBÝDPMMFDUFEÝ
were limited to a single center. Thus, the results 
PCUBJOFEÝ DPVMEÝ OPUÝ CFÝ HFOFSBMJ[FEÝ UPÝ UIFÝ MBSHFSÝ
population. It is recommended for a prospective study 
XJUIÝBÝ MBSHFSÝ TBNQMFÝ UPÝBTTFTTÝ UIFÝ SFMJBCJMJUZÝPGÝ UIJTÝ
DMBTTJÛDBUJPOÝNFUIPE�

Conclusion 

"OÝFWBMVBUJPOÝPGÝNJEQBMBUBMÝTVUVSFÝNBUVSBUJPOÝ
TUBHFTÝJOÝBÝ/FQBMJÝTBNQMFÝSFWFBMFEÝUIBUÝTUBHFÝ%ÝXBTÝ
UIFÝNPTUÝ QSFWBMFOU
Ý GPMMPXFEÝ CZÝ TUBHFTÝ $Ý BOEÝ &�Ý
'VSUIFSNPSF
ÝNBMFTÝFYIJCJUFEÝBÝIJHIFSÝQSFWBMFODFÝPGÝ
TUBHFÝ%ÝDPNQBSFEÝUPÝGFNBMFT�Ý5IFTFÝÛOEJOHTÝTVHHFTUÝ
an increased likelihood of an open midpalatal suture in 
adolescents and young adults, implying that age is not 
BÝSFMJBCMFÝJOEJDBUPSÝGPSÝEFUFSNJOJOHÝUIFÝEFWFMPQNFOUBMÝ
status of the midpalatal suture.
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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.2 The mean root surface area of maxillary central incisor, lateral incisor, and canine in normal overjet 
patients were 199, 181 and 249 mm2 respectively. While the mean root surfaces in large overjet patients were 
210, 197, 282 mm2 respectively. Conclusion: The root surface areas of maxillary lateral incisor and canine 
JOÝ MBSHFÝPWFSKFUÝ QBUJFOUTÝXFSFÝ TJHOJÛDBOUMZÝ HSFBUFSÝ UIBOÝ JOÝ OPSNBMÝ PWFSKFUÝ QBUJFOUT�Ý)PXFWFS
Ý UIFSFÝXBTÝOPÝ
TJHOJÛDBOUÝEJGGFSFODFÝJOÝNBYJMMBSZÝDFOUSBMÝJODJTPS�Ý5IFTFÝÛOEJOHTÝQSFTFOUFEÝUIBUÝUIFÝEJGGFSFODFÝPWFSKFUÝQBUUFSOÝ
might associated with the root surface area of maxillary lateral and canine.

Keywords: Cone beam computed tomography, Large overjet, Maxillary anterior teeth, Root surface area
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Comparison of Anterior Maxillary Root Surface  
Areas in Patients with Normal OverJ

.
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.
et using Cone Beam Computed Tomography
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Introduction

Orthodontics is the dental science to move 
UIFÝUFFUIÝUPÝUIFJSÝQSPQFSÝQPTJUJPO�Ý*UÝBMMPXTÝBÝCFUUFSÝ
masticatory distribution and improves cleansing 
BCJMJUZÝJOÝUIFÝPSBMÝDBWJUZ�Ý)FODF
ÝJUÝSFRVJSFTÝBÝNVUVBMÝ
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.1Ý5IFSFGPSF
ÝLOPXJOHÝ
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 
BMWFPMBSÝCPOFÝDSFTUÝMFWFM
ÝPSÝHJOHJWBMÝSFDFTTJPO�Ý*UÝIBTÝ
been argued that the relative size of the root(s) may 
indicate a tooth’s resistance to an orthodontic force 
or the anchorage value.2-3 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 
MBSHFÝPWFSKFUÝBSFÝBUÝIJHIFSÝSJTLÝPGÝSPPUÝSFTPSQUJPO�Ý*GÝUIFÝ
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 
BOEÝQFSJPEPOUBMÝIFBMUI�Ý8FÝDBOÝQSFWFOUÝ UIFÝTFRVFMÝ
to occlusal hypofunction by early interception. Their 
study conveys that careful diagnosis and intervention of 
TVDIÝUZQFÝPGÝNBMPDDMVTJPOÝJTÝSFRVJSFEÝBUÝBOÝFBSMZÝBHF�Ý
-BUFÝJOUFSWFOUJPOÝSFRVJSFTÝFGÛDJFOUÝUSFBUNFOUÝQMBOOJOH�Ý
"EFRVBUFÝEJBHOPTJTÝBOEÝMJHIUFSÝGPSDFÝBQQMJDBUJPOÝTIPVMEÝ
hence be considered while planning the treatment 
of such cases.4�"OEÝ UIFÝFYQFSJNFOUBMÝÛOEJOHTÝ JOÝ SBUÝ
molars have included external root resorption during 
tooth movement, in association with hypofunction.3

*OÝ BÝ WFSUJDBMÝ EJNFOTJPO
Ý 4VUFFSBQPOHQVOÝ BOEÝ 
DP�XPSLFS5 reported that a smaller root surface area 
can be found more often in the anterior open bite 
HSPVQÝ UIBUÝ MBDLTÝ GVODUJPOBMÝ GPSDFÝ PSÝ CJUFÝ GPSDFÝ JOÝ
comparison with the normal overbite group, normal 

functional force. Self6 reported a study that found  
BÝTJHOJÛDBOUÝDPSSFMBUJPOÝCFUXFFOÝCJUFÝGPSDFÝPSÝGVODUJPOBMÝ
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, 
BOEÝTVQQPSUJOHÝUJTTVF�Ý*UÝQSPWJEFTÝUIFÝSFRVJSFEÝTUJNVMVTÝ
GPSÝ BEFRVBUFÝ SPPUÝ BOEÝ BMWFPMBSÝ CPOFÝ GPSNBUJPO�Ý
Occlusal hypofunction decreases alveolar bone 
NBTT
Ý BDDFMFSBUFTÝ CPOFÝ SFTPSQUJPO
Ý DBVTFTÝ EFÛDJFOUÝ
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 
UPÝ FYQFSJNFOUBMÝ ÛOEJOHTÝ QFSGPSNFEÝ POÝ SBUÝNPMBST
Ý
external apical root resorption was associated with 
hypofunction, and atrophic changes were seen in 
the periodontium.7-11 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.4

*OÝBÝIPSJ[POUBMÝEJNFOTJPO
ÝUIFÝBNPVOUÝPGÝBOUFSJPSÝ
overjet is associated with anterior functional force while 
DIFXJOH�Ý*OÝUIFÝDBTFÝPGÝQBUJFOUTÝXJUIÝMBSHFÝPWFSKFUÝPGÝ
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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*OÝ UIFÝ QBTU
Ý UIFÝ SPPUÝ TVSGBDFÝ BSFBÝ DPVMEÝ
CFÝ NFBTVSFEÝ CZÝ NBOVBMMZÝ JOEJSFDUÝ UFDIOJRVFÝ
measurement from cadaver’s teeth or extracted 
UPPUIÝTVDIÝBTÝNFNCSBOFÝUFDIOJRVF
12 Sectional Lucite 
CMPDLÝXJUIÝ�%ÝDPNQVUFSÝQMPU�13 The process of data 
DPMMFDUJPOÝXBTÝEJGÛDVMU
ÝUIPSOZ
ÝBOEÝNPSFÝDIBODFÝPGÝ
error. Nowadays by importing cone beam computed 
tomography (CBCT) image into simulation software  
BTÝ.JNJDÝBOEÝ��.BUJDÝ UPÝDPOWFSUÝ UIFÝ%JHJUBMÝ *NBHJOHÝ
BOEÝ $PNNVOJDBUJPOTÝ JOÝ .FEJDJOFÝ 	%*$0.
Ý GPSNBUÝ
to the Stereolithography (STL) format. The software  
were utilized to calculate root surface area without 
prior tooth extraction.5,14-15

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).

ÊÞñâïæÞé�Þëá�êâñåìá�

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 
program16 to detect the mean difference between 
two independent groups with an effect size of 0.8 at  
BÝTJHOJÛDBODFÝMFWFMÝPGÝт = 0.05, and the power of test  
(1-у
Ý �Ý ����Ý 5IFÝ DBMDVMBUJPOÝ SFRVJSFEÝ BUÝ MFBTUÝ ��Ý 
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 
UBLFOÝ JOÝ +VMZÝ ����Ý VOUJMÝ +VMZÝ �����Ý 1SF�USFBUNFOUÝ 
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

All CBCT images were produced using a ProMax 
�%ÝNBDIJOFÝ	1MBONFDBÝ0:
Ý)FMTJOLJ
Ý'JOMBOE
ÝBUÝ��ÝL7Q
Ý
��ÝN"
ÝPOÝBOÝ�ë�ÝDNÝÛFMEÝPGÝWJFX
ÝBOEÝBÝWPYFMÝTJ[FÝ 
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.

&BDIÝ$#$5ÝJNBHFÝXBTÝDPOWFSUFEÝGSPNÝBÝ%*$0.Ý
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 
SFTUÝ PGÝ UIFÝ TLVMMÝ CZÝNBOVBMMZÝ SFNPWJOHÝ UIFÝ QJYFMTÝ
of supporting structures from sagittal, coronal, 
and axial planes (Figure 1). Once each tooth was  
TVCUSBDUFEÝJOUFOUJPOBMÝFYUFOTJPOÝTQJOFÝNBSLJOHTÝXFSFÝ
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 
NBSLJOH�Ý "MMÝ JNBHFTÝ XFSFÝ UIFOÝ FYQPSUFEÝ UPÝ BOEÝ
measured, one by one, the surface area apical to the 
$&+ÝUPÝEFÛOFÝUIFÝSPPUÝTVSGBDFÝBSFBÝCZÝ��.BUJDÝTPGUXBSFÝ
(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 
UIFÝ TBNFÝ FYBNJOFSÝ JOÝ BÝ GPVS�XFFLÝ JOUFSWBM�Ý 5IFSFÝ
XBTÝ FYDFMMFOUÝ SFMJBCJMJUZÝ CFUXFFOÝ UIFÝ ÛSTUÝ BOEÝ UIFÝ
second root surface area measurements by the same 
examiner as calculated by the intraclass correlation 
DPFGÛDJFOUÝNPSFÝ UIBOÝ�����Ý 4144Ý WFSTJPOÝ ����Ý 	4144Ý
*OD�
Ý$IJDBHP
Ý *MMJOPJT
Ý64"
ÝXBTÝVTFEÝ UPÝBOBMZ[FÝ UIFÝ
EBUBÝCZÝEFTDSJQUJWFÝBOBMZTJTÝUPÝEFÛOFÝUIFÝNFBOÝBOEÝ
standard deviation of all measurements. The results 
XFSFÝ DPOTJEFSFEÝ UPÝ CFÝ TUBUJTUJDBMMZÝ TJHOJÛDBOUÝ BUÝ 
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 

Figure 1 Digital imaging and Communication in Medicine 
	%*$0.
ÝEBUBTFUÝPGÝUIFÝQBUJFOUTÝXFSFÝJNQPSUFEÝJOUPÝ
.JNJDTjÝ*OOPWBUJPOÝ4VJUFÝ�����ÝBOEÝSFDPOTUSVDUFEÝ
into 3-dimensional images.

also used to compare the mean values of all collected 
measurement from patients with normal overjet  
(2-4 mm) and large overjet (> 4 mm).

Ïâðòéñ�

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 PÝ�Ý�����
ÝSFTQFDUJWFMZ�Ý*U¿TÝTIPXÝ
there have no difference between left and right lateral 
JODJTPSÝBOEÝDBOJOFÝCVUÝUIFZÝIBWFÝTJHOJÛDBOUÝEJGGFSFODFÝ
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 mm2 respectively along with  
210.37 ± 31.89, 197.70 ± 28.63, 282.16 ± 54.51 mm2 

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 
mm2 The largest root surface area was observed in the 
canine of patients with large overjet (282.16 ± 54.51 
mm2) while the smallest root surface area was observed  
in the lateral incisors of normal overjet patients  
(181.32 ± 23.42 mm2).

Figure 2 The root surface area of each 
tooth is calculated using the 
3-Matic software (green area)
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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 
JOÝBÝQBUJFOUÝXJUIÝMBSHFÝPWFSKFUÝXBTÝTJHOJÛDBOUMZÝHSFBUFSÝ
than those in normal overjet in those of lateral incisor 
and canine (P = 0.035 and P = 0.027 respectively, Figure 
�
�Ý #VUÝ UIFZÝ IBEÝ OPÝ TJHOJÛDBOUÝ EJGGFSFODFÝ JOÝ DFOUSBMÝ
incisor.

Discussion

Our CBCT-based investigation indicated that 
UIFÝNBYJMMBSZÝ DBOJOFÝ BDRVJSFEÝ CPUIÝ HSPVQT¿Ý MBSHFTUÝ
root surface area and the smallest root surface area 
observed in the maxillary lateral incisor as same as 
the previous studies.2,4-5 )PXFWFS
Ý XIFOÝ DPNQBSFEÝ

Table 1 The root surface area of each type of maxillary anterior teeth

Tooth type Overjet N
Min  

(mm2)

Max 

(mm2)

Mean 

(mm2)

Standard 

deviation

Central 

incisor

Normal 24 160.49 230.68 199.06 20.43

Large 24 168.91 277.17 210.37 31.89

Lateral 

incisor

Normal 24 142.55 219.62 181.32 23.42

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

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 
ÛOEJOHÝ XBTÝ JOÝ DPOUSBTUÝ XJUIÝ UIFÝ TUVEZÝ POÝ WFSUJDBMÝ
problems by Suteerapongpun,5 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 
XFBLOFTTÝJOÝUIFÝDMJOJDBMÝEBUBÝJOTVGÛDJFODZÝGSPNÝGBJMJOHÝ
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,6,17 such 
as patients’ dental habits that encourage anterior 
protrusion causing large overjet, should also be 
considered. 

*OÝMBSHFÝPWFSKFUÝQBUJFOUT
ÝUIFÝQSPUSVEFEÝMBUFSBMÝ
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 
MFOHUIÝNFBTVSFNFOUÝJTÝSFDPNNFOEFEÝUPÝDPOÛSNÝUIFTFÝ
IZQPUIFTFT�Ý *OÝ DPOUSBTU
Ý TFWFSBMÝ TUVEJFT4,11 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.18-19 Therefore, we hypothesize 
UIBUÝSPPUÝWBSJBUJPOTÝNBZÝJOÜVFODFÝUIFÝWBMVFÝPGÝ34"�Ý
This was further potentiated by the meta-analysis 
QFSGPSNFEÝCZÝ)VKPFMÝJOÝXIJDIÝTJHOJÛDBOUÝIFUFSPHFOFJUZÝ
was noted in various samples under investigation.20 
So, we designed to collect the sample between two 
groups with similar age, number in gender, and racial 
CBDLHSPVOETÝUPÝSFEVDFÝUIFTFÝDPOGPVOEJOHÝGBDUPST�Ý"MMÝ
anterior teeth from central to canine of all subjects 
were used to reduce selection bias. The measurement 
UFDIOJRVFÝXFÝ VTFEÝXBTÝ QSPWFEÝ CZÝ 5BTBOBQBOPOU15 
and the high-reliability score reported shows less 
measurement bias in our method. 

From our study, the root surface area of the 
DFOUSBMÝ *ODJTPSÝ TIPXTÝ BÝ OPO�TJHOJÛDBOUÝ EJGGFSFODFÝ
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 
FMPOHBUJOHÝTIPVMEÝOPUÝCFÝEJGGFSFOU
ÝTPÝXFÝDBOOPUÝÛOEÝ
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 
TJEFTÝSFQSFTFOUJOHÝDFOUSBMÝ*ODJTPS�Ý5IFSFGPSF
ÝUIFÝSFTVMUTÝ
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.4,11 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.4,11

)FODF
Ý IZQPUIFTJ[FEÝ UIBUÝ UIFÝ TUJNVMVTÝ PGÝ
normal occlusal function is responsible for normal 
SPPUÝEFWFMPQNFOU�Ý5IFÝÛOEJOHTÝPGÝUIJTÝTUVEZÝJOEJDBUFÝ
that patients with large overjet may have some 
EJGGFSFODFTÝJOÝSPPUÝTVSGBDFÝBSFB�Ý*GÝBÝÛOBMÝMBSHFÝPWFSKFUÝ
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.4 
-BUFÝJOUFSWFOUJPOÝSFRVJSFTÝFGÛDJFOUÝUSFBUNFOUÝQMBOOJOH�Ý
QBUJFOUTÝ XJUIÝ MBSHFÝ PWFSKFUÝ PSÝ $MBTTÝ **Ý EJWJTJPOÝ �Ý
malocclusion may have larger dental root surface area 
JOÝMBUFSBMÝJODJTPSTÝBOEÝDBOJOFT�Ý"EFRVBUFÝEJBHOPTJTÝBOEÝ
orthodontic force application should be considered 
while planning the treatment of such cases. 

*OÝ DBTFÝ PGÝ -BSHFSÝ SPPUÝ TVSGBDFÝ BSFB
Ý IFBWJFSÝ
PSUIPEPOUJDÝ GPSDFÝ SFRVJSFEÝ GPSÝ UPPUIÝ NPWFNFOU�Ý
Root resorption can be due to heavy loading forces, 
FYDFTTJWFMZÝ QSPDMJOFEÝ UFFUIÝ EVFÝ UPÝ JOFGÛDJFOUÝ
distribution of forces along the root, and trauma from 
occlusion. This states that altered biomechanics will 
CFÝ SFRVJSFEÝ GPSÝ USFBUNFOUÝ QMBOOJOHÝ JOÝ TVDIÝ DBTFT�Ý
Proper force magnitude is used to bring about tooth 
NPWFNFOU
ÝBOEÝUIFÝCSBDLFUÝJTÝQPTJUJPOFEÝNPSFÝHJOHJWBMÝ
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.11

The root surface area of upper anterior teeth 
SFQPSUFEÝJOÝUIJTÝTUVEZÝDBOÝCFOFÛUÝGVSUIFSÝTUVEJFTÝBOEÝ
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.

Àìëàéòðæìë

The root surface area measured in CBCT images 
JOÝUIFÝMBSHFÝPWFSKFUÝQBUJFOUTÝXBTÝTJHOJÛDBOUMZÝHSFBUFSÝ
than in normal overjet patients in the maxillary lateral 
incisor and canine, aside from the central incisor with 
OPÝTJHOJÛDBOUÝEJGGFSFODFÝCFUXFFOÝUIFÝUXPÝHSPVQT�Ý

¾òñåìï�àìëñïæßòñæìëð

SL: Conceptualization, Methodology, Software, 
7BMJEBUJPO
Ý'PSNBMÝBOBMZTJT
Ý*OWFTUJHBUJPO
Ý3FTPVSDFT
Ý%BUBÝ
Curation, Writing-Original Draft, Writing-Review & Editing, 
7JTVBMJ[BUJPO
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The Change of Occlusal Bite Force during Clear  

Aligner Treatment and Squeezing Exercise
ĞīġĘĩÝĞīĎęĩĐįøĚøīÿ�ÝāīċāĐøÝĜĬďĐħøįĜ��ÝğĨøĚīĐĎĚŧÝČĨļþĵĕďīďĚĚĘ���

8JTBNBÝ8JUIBZBOVLPOLJK�ÝÝ$IJEDIBOPLÝ-FFUIBOBLVM��ÝÝ4BLBSJOÝ5BOHQPUIJUIBN���

đĎĞīĎęĩøĩĚ

0SJHJOBMÝBSUJDMFÝÝ

Abstract

#BDLHSPVOE� No studies revealed the change of occlusal bite force during clear aligner treatment 
combined with the squeezing exercise.Ý0CKFDUJWF� To study the change of occlusal bite force during anterior 
open bite treatment with clear aligners and squeezing exercise. .BUFSJBMTÝBOEÝNFUIPET� 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. 3FTVMUT� After commencement the treatment, the maximum bite force 
XBTÝTJHOJÛDBOUMZÝIJHIFSÝUIBOÝUIFÝTRVFF[JOHÝCJUFÝGPSDFÝBUÝBMMÝUJNFÝJOUFSWBMT�Ý#PUIÝNBYJNVNÝBOEÝTRVFF[JOHÝCJUFÝ
force substantially increased from T0 to T2, gradually increased from T2 to T4, and remained stable from T4  
to T6. $PODMVTJPOT�ÝClear aligner treatment combined with squeezing exercises enhanced both maximum and 
squeezing bite force during a 6-month observation period.

,FZXPSET�ÝAnterior open bite, Clear aligner treatment, Occlusal bite force, Squeezing exercise
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Introduction

5IFÝPDDMVTBMÝCJUFÝ GPSDFÝ TFSWFTÝ BTÝ BÝ TJHOJÛDBOUÝ
indicator of masticatory function1 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.2 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.3 

Moreover, the changes in vertical dimension 
DBOÝ JOÜVFODFÝ QFSJPEPOUBMÝ NFDIBOPSFDFQUPSTÝ BOEÝ
proprioception.4,5 Previous studies have sought to 
investigate the impact of occlusal coverage appliances 
on muscular response.6,7Ý)PXFWFS
ÝUIFÝÛOEJOHTÝSFNBJOÝ
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 
muscles8 or decrease muscle activity,9 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.10-12 Despite its 
relatively low occurrence, this malocclusion poses 
BÝ TJHOJÛDBOUÝ DIBMMFOHFÝ UPÝ PSUIPEPOUJTUTÝ JOÝ UFSNTÝ PGÝ
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.13 

.BOBHJOHÝBOUFSJPSÝPQFOÝCJUFÝQSFTFOUTÝBÝTJHOJÛDBOUÝ
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.6,7,14Ý)PXFWFS
ÝDPOÜJDUJOHÝ
Ûndings have been reported, with some studies 
indicating that after the appliance was delivered, 
occlusal bite force either increased or decreased,15,16 
XIJDIÝDBOÝJOÜVFODFÝEFOUBMÝNPWFNFOU�8,17 

Squeezing or clenching exercise is a common 
component of myofunctional therapy often employed 
in anterior open bite patients with compromised 
masticatory function.18 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.19 In literature, 
short-term effect of squeezing exercise was enhance 
muscle strength resulted in increasing maximum bite 
force.20 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.

ÊÞñâïæÞé�Þëá�êâñåìáð

This study was performed at Dental Hospital,  
the Faculty of Dentistry, Prince of Songkla University. 
The study protocol was approved by the Institutional 
3FWJFXÝ#PBSEÝGPSÝIVNBOÝQBUJFOUTÝ	QSPUPDPMÝ&$Ý��������
Ý 
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, т = 0.05, and 
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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 I or mild Angle Class 
II 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,  
$PQFOIBHFO
Ý%FONBSL
ÝBOEÝUIFOÝJNQPSUJOHÝ45-ÝÛMFÝUPÝ 
3Shape OrthoAnalyzerTM program. The attachments 
design were adopt from the previous study.14 

Squeezing exercise

Squeezing exercise was performed while wearing 
clear aligners, with the protocol adapted from the 
previous study.21 Participants were instructed to bite 
down on the aligner for one minute during each 
session. Each session consisted of six cycles, alternating 
CFUXFFOÝÛWFÝTFDPOETÝPGÝJTPNFUSJDÝDMFODIJOHÝ	��Ý�ÝPGÝ

NBYJNVNÝCJUFÝ GPSDF
Ý BOEÝ ÛWFÝ TFDPOETÝ PGÝ SFTU�Ý 5IJTÝ
FYFSDJTFÝSPVUJOFÝXBTÝSFQFBUFEÝBUÝMFBTUÝÛWFÝUJNFTÝEBJMZ
Ý
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 FlexiForceTM ELF system and 
sensors (Tekscan®
Ý #PTUPO
Ý 64"

Ý XBTÝ FNQMPZFE�Ý
Custom holders were crafted to accommodate the 
sensors size 1.5x1.3 mm2 (Figure1), Force was transfered 
UPÝ UIFÝ TFOTJOHÝ BSFBÝCZÝ UIFÝÜBUÝ USBOTEVDFSÝEFTJHOFEÝ
changing the shear force as the direct force to the 
center of sensor. The handle were positioned on the 
NFTJPCVDDBMÝDVTQÝPGÝVQQFSÝÛSTUÝNPMBSTÝPOÝCPUIÝUIFÝ
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 T0 to 
T6 in two types of occlusal bite force as followings. 
(Figure 3)

��Ý.BYJNVNÝCJUFÝGPSDFÝ
  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. 

'JHVSFÝ�ÝÝ#JUFÝGPSDFÝSFDPSEJOHÝEFWJDF
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The average of three repetitions was taken into 
account.

��Ý4RVFF[JOHÝCJUFÝGPSDFÝ
  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 
DPSSFMBUJPOÝ DPFGÛDJFOUÝ FYDFFEJOHÝ ����Ý JOEJDBUFEÝ
excellent reliability. Random errors were 3.6 %  

'JHVSFÝ�ÝÝ#JUFÝGPSDFÝSFDPSEJOHÝEFWJDFÝDBMJCSBUJPOÝXJUIÝVOJWFSTBMÝUFTUJOHÝNBDIJOF

'JHVSFÝ�Ý Maximum and squeezing bite force measurement

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 
CZÝ #POGFSSPOJÝ DPSSFDUJPO�Ý 4UBUJTUJDBMÝ BOBMZTFTÝ XFSFÝ
DPOEVDUFEÝVTJOHÝ4144ÝWFSTJPOÝ��
ÝXJUIÝBÝTJHOJÛDBODFÝ
level set at 0.05 for all tests.

Results

Twenty-three participants meeting the inclusion 
criteria and consenting were recruited for this study. 
One participant discontinued the intervention, resulting 

Maximum bite force

 Maximum biting without pain
 #JUJOH�Ý�ÝTFDPOEÝBOEÝSFTUÝGPSÝ��ÝTFDPOETÝJOUFSWBM
ÝGPSÝ�
 repetitions.
 The average of 3 replication was considered.

 Submaximal biting around 80 % without pain
 #JUJOH�Ý�ÝTFDPOEÝBOEÝSFTUÝGPSÝ�ÝTFDPOETÝJOUFSWBM
ÝGPSÝ�
 repetitions.
 The average of 3 replication was considered.

100% 80%

Squeezing bite force
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JOÝBÝÛOBMÝDPIPSUÝPGÝUXFOUZ�UXPÝJOEJWJEVBMTÝ	DPNQSJTJOHÝ
7 males and 15 females) with an average age of  
20.55 ± 2.08 years. Initially, overbite measurements 
ranged from 0 to -3 mm, with an average initial overbite 
of -1.16 ± 0.97 mm. The maximum bite force was 
TJHOJÛDBOUMZÝIJHIFSÝ UIBOÝUIFÝTRVFF[JOHÝCJUFÝ GPSDFÝPOÝ
both the left and right sides (Table 1). The differences 
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 
JODSFBTFEÝTJHOJÛDBOUMZ
ÝXJUIÝBÝNFBOÝPGÝ����ÝmÝ����ÝNNÝ
(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. 

5BCMFÝ�Ý The maximum and squeezing bite force at pretreatment (T0)

Measured 

side

Occlusal bite force (Mean ± SD, N) P value

Maximum bite force Squeezing bite force Differences

Left 254.17 ± 6.98 194.77 ± 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

5IFSFÝXBTÝOPÝTJHOJÛDBOUÝEJGGFSFODFÝPCTFSWFEÝCFUXFFOÝ
the left and right sides. On both sides, at 4 months 
PGÝUSFBUNFOUÝ	5�

ÝUIFÝGPSDFÝEJEÝOPUÝTJHOJÛDBOUMZÝEJGGFSÝ
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 
EJEÝOPUÝTJHOJÛDBOUMZÝEJGGFSÝGSPNÝUIPTFÝBUÝ�ÝBOEÝ�ÝNPOUITÝ 
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), 
UIFÝ GPSDFÝ EJEÝ OPUÝ TJHOJÛDBOUMZÝ EJGGFSÝ GSPNÝ UIBUÝ BUÝ �Ý
months of treatment (T3), but it was greater than the 

5BCMFÝ�ÝÝThe change of maximum bite force from pretreatment (T0) to 6 months of treatment (T6).

Measured 

side

Maximun bite force (Mean ± SD, N)

T0 T1 T2 T3 T4 T5 T6

Left 254.17 ± 6.98 344.43 ± 6.19 402.83 ± 6.49 440.75 ± 5.45 450.56 ± 5.15 450.67 ± 5.90 448.18 ± 4.85

Right 253.72 ± 6.16 346.97 ± 6.74 401.11 ± 5.53 439.94  ± 5.04 449.69 ± 4.75 450.50 ± 4.97 447.82 ± 6.14

5BCMFÝ�ÝÝContinued

Measured 

side
F P value Post hoc comparison by Bonferroni correction

Left 3111.62 < 0.001*** T0 < T1 < T2 < T3 < T4 = T5 = T6

Right 3284.34 < 0.001*** T0 < T1 < T2 < T3 < T4 = T5 = T6

The statistical analysis was tested by ANOVA.
*P < 0.05, **P < 0.01, ***P < 0.001
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5BCMFÝ�ÝThe change of squeezing bite force from pretreatment (T0) to 6 months of treatment (T6).

Measured 

side

 Squeezing bite force (Mean ± SD, N)

T0 T1 T2 T3 T4 T5 T6

Left 194.77 ± 5.78 255.00 ± 6.89 319.85 ± 6.88 331.10 ± 7.61 339.96 ± 7.49 340.72 ± 7.10 340.47 ± 5.48

Right 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

5BCMFÝ�ÝContinued

Measured 

side
F P value Post hoc comparison by Bonferroni correction

Left 1393.66 < 0.001*** T0 < T1 < T2 < T3 < T4 = T5 = T6

Right 1354.03 < 0.001*** T0 < T1 < T2 = T3 < T4 = T5 = T6

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

Ý 5BCMFÝ � The change of average maximum and squeezing bite forces between pretreatment (T0) and 6  
 months of treatment (T6).

Occlusal bite force 

(Mean ± SD, N)
Differences P valueT0 T6

Maximum bite force 253.97 ± 6.66 448.02 ± 3.83 194.05 ± 2.37 < 0.001***

Squeezing bite force 195.23 ± 5.77 342.98 ± 4.80 147.75 ± 2.41 < 0.001***

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 
OPUÝTJHOJÛDBOUMZÝEJGGFSÝGSPNÝUIPTFÝBUÝ�ÝBOEÝ�ÝNPOUITÝ
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).

The cyclic change in average maximum and 
squeezing bite force from pretreatment (T0) to 6 
months of treatment (T6) was depicted in Figure 4. 
#PUIÝ BWFSBHFÝNBYJNVNÝ BOEÝ TRVFF[JOHÝ CJUFÝ GPSDFÝ
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 
treatment (T4) to 6 months of treatment (T6). The 
BWFSBHFÝNBYJNVNÝCJUFÝ GPSDFÝXBTÝTJHOJÛDBOUMZÝIJHIFSÝ
than the squeezing bite force in all time intervals.
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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.21 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 
TFUUJOHT�Ý5IFÝNBHOJUVEFÝPGÝCJUFÝGPSDFÝJTÝJOÜVFODFEÝCZÝ
the coordinated activity of the muscles responsible 
for jaw elevation, which is further shaped by jaw 
CJPNFDIBOJDTÝ BOEÝ SFÜFYÝNFDIBOJTNT�22 Moreover, 
masticatory force plays a crucial role in diagnosing and 
treating dysfunction.23Ý )PXFWFS
Ý JU¿TÝ BMTPÝ JOÜVFODFEÝ

by the gender, the mean of maximal bite force was 
shown approximately 30 % higher in the male than 
in the female.24 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,25 It’s explained that squeezing 
exercise was the isometric masticatory muscle training 
which activated myophysiological response of muscle 
EVSJOHÝ DMFODIJOH�Ý *UÝ JNQSPWFEÝ UIFÝNVTDVMBSÝ ÛCFST
Ý
thickness and strength. An increased biting force will 
naturally result from strengthening the masticatory 
muscles.26 Nevertheless, the occlusal bite force 
has remained relatively stable since the 4th 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 
PVUQVUÝUPÝSFHVMBUFÝNPUPSÝTLJMMTÝBOEÝÛOF�NPUPSÝDPOUSPM�27 
The adaptability varies from 10 weeks to a year.27-31 
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This study differed from another prior investigation 
that examined changes in bite force over a 6-month 
QFSJPEÝPGÝÛYFEÝBQQMJBODFÝUSFBUNFOUÝXJUIPVUÝJOWPMWJOHÝ
BOZÝ TRVFF[JOHÝ FYFSDJTFT�Ý 5IFJSÝ ÛOEJOHTÝ TIPXFEÝ 
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.32 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.33 However, only a limited number of 
studies have investigated the alterations in occlusal bite 
GPSDFÝEVSJOHÝÛYFEÝPSUIPEPOUJDÝBQQMJBODF�32,34 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 regimen21,35 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 

PDDMVTBMÝCJUFÝ GPSDFÝ JOÝ UIFÝÛSTUÝ UISFFÝNPOUIT
Ý BOEÝ JUÝ
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.

Conclusions

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

��Ý #PUIÝNBYJNVNÝ BOEÝ TRVFF[JOHÝ CJUFÝ GPSDFTÝ
increased from T0 to T3 and remained almost stable 
at the 4th month of treatment.
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Distraction Osteogenesis in Cleidocranial  
Dysostosis: A Case Repor t

Wipapun Ritthagol*  Thongchai Nuntanaranont**

ĚĩęþĩĐēİŤĒŞĞę

Case Report

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 growing 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  
UFFUIÝDPVMEÝPOMZÝCFÝBDIJFWFEÝCZÝBSUJÛDJBMÝPSUIPEPOUJDÝGPSDF�Ý5IFÝQFSNBOFOUÝEFOUJUJPOÝUIFOÝXJMMÝCFÝBMJHOFEÝUPÝHFUÝ
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 
USFBUNFOUÝQSPWJEFEÝUIFÝTBUJTÛFEÝPVUDPNFÝPGÝPDDMVTJPO
ÝNBTUJDBUPSZÝGVODUJPOÝBOEÝGBDJBMÝFTUIFUJDTÝJOÝDMFJEPDSBOJBMÝ
dysostosis patients.

Keywords: Cleidocranial dysostosis, Distraction osteogenesis, Orthodontic forced eruption, Orthodontic 
treatment
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ĚĨøĠĩĎĬĻĳĒūĐĎĬĻęĤĘĚĨđĵċęĎĨĻĞķĒ�����Ý ķċŤĴøţÝ ĴĐĞĎĩþøĩĚĚĨøĠĩ
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ĚįĐĴĚþùĤþûĞĩĘġĨĘĕĨĐďŧĎĬĻēīċĒøČīùĤþùĩøĚĚķøĚđĐĴĜħ 
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ùĩøĚĚķøĚÝ	EJTUSBDUJPOÝPTUFPHFOFTJT
ÝĢĚĮĤĶĐøĚĊĬĎĬĻķĘţġĩĘĩĚč
ċĭþĖũĐĎĬĻûįċĶĢŤùĭļĐĘĩġİţāţĤþĒĩøķċŤÝ ÿħĕīÿĩĚĊĩēţĩĖũĐûįċĐĨļĐĤĤø 
ĴĜħĎċĴĎĐċŤĞęĖũĐĒĜĤĘĢĚĮĤĚĩøĖũĐĳĎĬęĘČţĤķĒ�����Ý
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ēīċĒøČīùĤþēİŤĒŞĞęĵĚûÝ $$%Ý ĎĬĻĘĬøĩĚĳÿĚīĄĎĬĻēīċĒøČīùĤþûĞĩĘ
ġĨĘĕĨĐďŧùĤþøĚħċİøùĩøĚĚķøĚĘĩøĴĜħÿŀĩĳĒūĐČŤĤþĶāŤøĩĚĚĨøĠĩ 
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ETD*T;>[�=	ID

ēİŤĒŞĞęĢĄīþķĎęĤĩęįÝ��ÝĒśÝēİŤĒøûĚĤþĕĩĘĩĕđĎĨĐČĴĕĎęŧ
ÿĨċĖũĐċŤĞęĒũĄĢĩĖũĐĢĐŤĩķĘţùĭļĐÝùĩøĚĚķøĚĜţĩþęĮĻĐÝÿĩøøĩĚČĚĞÿ
ĚţĩþøĩęĕđĞţĩēİŤĒŞĞęķċŤĚĨđĞīĐīÿĀĨęĵċęĴĕĎęŧĞţĩĳĒūĐĵĚûÝ $$%Ý 
ÿĩøøĩĚĂĨøĒĚħĞĨČīÝ ķĘţĕđĜĨøĠĊħĐĬļĶĐûĚĤđûĚĨĞĴĜħøĜįţĘĄĩČīÝ
ÿĩøøĩĚČĚĞÿėĩęĐĤøāţĤþĒĩøÝ ĕđĶđĢĐŤĩċŤĩĐČĚþķċŤġĨċġţĞĐÝ
ĜĨøĠĊħĶđĢĐŤĩċŤĩĐùŤĩþĳĞŤĩÝĴĜħĕđûĩþęĮĻĐÝ	ĚİĒĎĬĻÝ�
Ýÿĩøėĩĕčţĩę 
ėĩęĶĐāţĤþĒĩøĴĜħėĩĕčţĩęĚĨþġĬĕĩĐĤĚĩĘīøĕđĖũĐĐŀļĩĐĘĎĬĻ 
ûþûŤĩþĤęİţĴĜħĘĬĖũĐĴĎŤĎĬĻĕđĶĐāţĤþĒĩøĳĕĬęþÝ �Ý ĂĬĻķċŤĴøţÝ ĖũĐĂĬĻ 
��Ý��Ý��ÝĴĜħÝ��Ý	ĚİĒĎĬĻÝ�ÝĴĜħÝ�
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ĚİĒĎĬĻÝ1Ý Ý ėĩĕčţĩęėĩęĐĤøāţĤþĒĩøøţĤĐøĩĚĚĨøĠĩ
Figure 1 Extraoral photographs before treatment

ĚİĒĎĬĻÝ2ÝÝÝ ėĩĕčţĩęėĩęĶĐāţĤþĒĩøĴĜħøĩĚġđĖũĐøţĤĐøĩĚĚĨøĠĩ
Figure 2  Intraoral photograph and occlusion before treatment

ĚİĒĎĬĻÝ3ÝÝÝ ėĩĕĚĨþġĬĕĩĐĤĚĩĘīøøţĤĐøĩĚĚĨøĠĩ
Figure 3  Panoramic radiograph before treatment

$TEIT*`>;`GR'ITC$�TIM;�T%O*$TEES$KTb;ERDR
`E$

ÿĩøøĩĚĎĬĻĖũĐĴĎŤķĘţġĩĘĩĚčùĭļĐġİţāţĤþĒĩøķċŤÝ 	ĚİĒĎĬĻÝ �Ý ø�
Ý
ĴēĐøĩĚĚĨøĠĩĶĐĚħęħĴĚøÿħĘįţþĳĐŤĐĎĬĻøĩĚēţĩČĨċĳĕĮĻĤċĭþĖũĐĴĎŤ
ĎĬĻĔũþĤęİţċŤĞęĴĚþĎĩþĎĨĐČøĚĚĘÿĨċĖũĐÝ 	PSUIPEPOUJDÝ GPSDFEÝ 
FSVQUJPO
ÝČĩĘĴĐĞĎĩþùĤþÝ#FDLFSÝĴĜħûĊħ��
��ÝĵċęĖũĐĎĬĻčİøčĤĐ 

ĴĜħēţĩČĨċĤĤøĎĨļþĢĘċÝ ķċŤĴøţÝ ĖũĐĐŀļĩĐĘĎĬĻûþĤęİţÝ 	QSPMPOHFEÝ
SFUFOUJPOÝPGÝQSJNBSZÝUFFUI
ÝĶĐùĩøĚĚķøĚđĐÝ�ÝĂĬĻÝĴĜħùĩøĚĚķøĚ
ĜţĩþÝ�ÝĂĬĻÝĖũĐĳøīĐĎĬĻĤęİţĶĐùĩøĚĚķøĚđĐÝ�ÝĂĬĻÝĴĜħùĩøĚĚķøĚĜţĩþÝ�ÝĂĬĻÝ 
ĖũĐøĚĩĘĴĎŤĂĬĻÝ��
Ý��
Ý��
Ý��
Ý��
Ý��
Ý��
Ý��ÝĂĭĻþĳĒūĐĖũĐûįċ
ĴĜħĘĬĎīğĎĩþĎĬĻķĘţġĩĘĩĚčùĭļĐĘĩĶĐāţĤþĒĩøķċŤÝĴĜħĖũĐøĚĩĘĐŤĤę
ĂĬĻĎĬĻÝ ��Ý čİøčĤĐĤĤøÝ ĳĐĮĻĤþÿĩøĘĬāţĤþĞţĩþķĘţĳĕĬęþĕĤġŀĩĢĚĨđĖũĐ 
ĂĬĻÝ ��Ý ĶĐùĨļĐČĤĐēţĩČĨċĖũĐĳøīĐĴĜħĖũĐĎĬĻûįċĤĤøÿħĎŀĩøĩĚČīċ 
ĳûĚĮĻĤþĘĮĤĎĩþĎĨĐČøĚĚĘÿĨċĖũĐđĐĖũĐĴĎŤĎĬĻĳĢĜĮĤĎĬĻĔũþĤęİţĎįøĂĬĻÝÝĎŀĩøĩĚ 
ċĭþĖũĐĴĎŤċŤĞęĴĚþĎĩþĎĨĐČøĚĚĘÿĨċĖũĐċŤĞęĞīďĬùĤþÝ 3JUUIBHPMÝ 
8�Ý ĴĜħûĊħ��	ĚİĒĎĬĻÝ �Ý ù�
Ý ČţĤĘĩĕđĞţĩĖũĐĂĬĻÝ ��
Ý ��
Ý ��
Ý ��Ý 
ķĘţĘĬøĩĚĳûĜĮĻĤĐĎĬĻĳĘĮĻĤĶĢŤĴĚþķĒĘĩøøĞţĩÝ�ÝĳċĮĤĐÝÿĭþčİøēţĩČĨċĤĤø
ĤĬøûĚĨļþÝ ĖũĐĂĬĻÝ ��Ý ĢęįċøĩĚĳûĜĮĻĤĐĎĬĻĳĘĮĻĤġţĞĐČĨĞĖũĐùĭļĐġİţāţĤþĒĩø 
ĳĘĮĻĤġīļĐġįċøĩĚĚĨøĠĩĶĐĚħęħĐĬļÝ ĕđĞţĩĖũĐĴĎŤĎĬĻġĩĘĩĚčùĭļĐĘĩ
ķċŤċĨþĴġċþĶĐĚİĒĎĬĻÝ �Ý û�Ý ĖũĐĴĎŤĎĬĻčİøċĭþùĭļĐġİţāţĤþĒĩøĎįøĂĬĻĕđĘĬ 
ùĤđĳĢþĮĤøĚţĐÝ 	HJOHJWBMÝ SFDFTTJPO
Ý ĴĜħķĘţĕđĳĢþĮĤøęĭċÝ
	BUUBDIFEÝ HJOHJWB
Ý ĴČţķĘţĕđĖũĐĵęøÝ ĎŀĩøĩĚĒĚĨđĚħċĨđĖũĐ
ĎĨļþĢĘċęøĳĞŤĐĖũĐĂĬĻÝ ��Ý ċŤĞęĳûĚĮĻĤþĘĮĤĎĨĐČøĚĚĘÿĨċĖũĐāĐīċ 
ČīċĴĐţĐĳĕĮĻĤĳČĚĬęĘĳùŤĩġİţøĩĚĚĨøĠĩĶĐùĨļĐČĤĐøĩĚēţĩČĨċČţĤķĒ
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ĚİĒĎĬĻÝ4ÝÝÝ ėĩĕčţĩęėĩęĶĐāţĤþĒĩø
Ý Ý Ý 	ø
ÝøţĤĐøĩĚĚĨøĠĩÝÝÝ	ù
ÝĜĨøĠĊħĳûĚĮĻĤþĘĮĤĎĬĻĶāŤĶĐøĩĚċĭþĖũĐĴĎŤĎĬĻĔũþÝÝ	û
ÝėĩęĢĜĨþøĩĚċĭþĖũĐċŤĞęĴĚþĎĩþĎĨĐČøĚĚĘÿĨċĖũĐ
Figure  4  Intraoral photographs

Ý Ý 	B
ÝCFGPSFÝUSFBUNFOUÝÝ	C
ÝPSUIPEPOUJDÝBQQMJBODFÝGPSÝGPSDFEÝFSVQUJPOÝPGÝFNCFEEFEÝUFFUIÝ
Ý Ý 	D
ÝBGUFSÝPSUIPEPOUJDÝGPSDFEÝFSVQUJPOÝ

ĚİĒĎĬĻÝ5ÝÝÝ ėĩĕčţĩęėĩęĐĤøāţĤþĒĩøĚħĢĞţĩþĚĨøĠĩ
Figure 5  Extraoral photographs during treatment

ĎĬĻĒøČīÝ	4/#Ý�Ý��ÝEFHSFFT
Ý$P�(OÝ�Ý���ÝNN
ÝûĞĩĘġĨĘĕĨĐďŧ 
ùĤþøĚħċİøùĩøĚĚķøĚĶĐĴĐĞĢĐŤĩĢĜĨþĳĒūĐĴđđāĐīċĎĬĻÝ�Ý	"/#Ý�Ý��Ý 
EFHSFFT
Ý8JUTÝ�Ý���ÝNN
ÝûĞĩĘġĨĘĕĨĐďŧùĤþÿĘİøĴĜħĚīĘĔśĒĩøđĐ 
ĘĬûţĩĒøČīÝ 	/-"Ý �Ý ��Ý EFHSFFT
Ý ĖũĐĢĐŤĩđĐĳĤĬęþĎŀĩĘįĘĒøČī
	6*Ý �Ý ���Ý EFHSFFT
Ý ġţĞĐĖũĐĢĐŤĩĜţĩþĳĤĬęþĜŤĘķĒċŤĩĐĶøĜŤĜīļĐÝ 
	-*�.1Ý �Ý ��Ý EFHSFFT
Ý ĘįĘĚħĢĞţĩþĖũĐĢĐŤĩđĐĴĜħĜţĩþĳĤĬęþÝ 
���ÝĤþğĩÝ	6*�-*Ý�Ý���ÝEFHSFFT


ÿĩøėĩĕčţĩęĶĐĴĜħĐĤøāţĤþĒĩøÝ 	ĚİĒĎĬĻÝ �Ý ĴĜħÝ �
Ý
ĴĜħėĩĕĚĨþġĬøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþÝ 	ĚİĒĎĬĻÝ �
Ý ĕđĞţĩēİŤĒŞĞę 
ĶđĢĐŤĩċŤĩĐùŤĩþĳĞŤĩÝ 	DPODBWFÝ QSPÛMF
Ý ĘĬøĩĚġđĖũĐĳĀĕĩħĎĬĻ 
ĖũĐøĚĩĘĴĎŤĳĎţĩĐĨļĐÝøĚħċİøùĩøĚĚķøĚđĐĴĜħĶđĢĐŤĩġţĞĐøĜĩþęįđ 
	4/"Ý �Ý ��Ý EFHSFF
Ý .BYJMMBSZÝ EFQUIÝ �Ý ��Ý EFHSFFT
Ý 
4/0Ý�Ý ��Ý EFHSFFT
Ý 0�/"Ý �Ý ��Ý EFHSFFT
Ý ġţĞĐĚħęħĎĩþ 
ÿĩøĢĨĞûĤĐċĩęĐŧÝ 	DPOEZMBSÝIFBE
ÝčĭþÿįċÝ"Ý ĳĎţĩøĨđÝ��ÝĘĘ�Ý 
	$P�"Ý�Ý��ÝNN
ÝùĩøĚĚķøĚĜţĩþĤęİţĶĐČŀĩĴĢĐţþĴĜħĘĬûĞĩĘęĩĞ 

	ø
ÝB
 	ù
ÝC
 	û
ÝD


/<(:&++��,� <P�	-�E-8� ��9*�!9!�!+:!!� č I � 9S ; 7 � +S 6A � ; � c 9 D �  = � 9Wg  14  , « ® � ¯ ² ³´   °²�



ĚİĒĎĬĻÝ�ÝÝÝ ėĩĕĚĨþġĬĴĜħėĩĕĜĩęĳġŤĐøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþøţĤĐøĩĚēţĩČĨċ
'JHVSFÝ�  Cephalometric radiograph and tracing before surgery

ÿĩøøĩĚĞīĳûĚĩħĢŧėĩĕčţĩęĚĨþġĬøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþÝ 
ġĚįĒĒũĄĢĩēİŤĒŞĞęķċŤċĨþĚİĒĎĬĻÝ �Ý ĴēĐøĩĚĚĨøĠĩĶĐēİŤĒŞĞęĚĩęĐĬļÝ ķċŤĴøţÝ
øĩĚēţĩČĨċęĮċøĚħċİøùĩøĚĚķøĚđĐķĒċŤĩĐĢĐŤĩĴĜħĜþċŤĩĐĜţĩþ 
	NBYJMMBSZÝ-FÝ'PSUÝ*ÝBEWBODFNFOUÝBOEÝEPXOXBSEÝXJUIÝ
EJTUSBDUJPOÝ PTUFPHFOFTJT
Ý ĵċęĴēĐøĩĚēţĩČĨċęĮċøĚħċİø 
ĘĬùĨļĐČĤĐėĩęĢĜĨþøĩĚēţĩČĨċÝ ûĮĤÝ ĚħęħĚĤûĤęÝ �Ý ĞĨĐÝ ûĞĩĘčĬĻ 
ùĤþøĩĚķùġøĚİÝ �ÝûĚĨļþČţĤĞĨĐûĚĨļþĜħÝ���ÝĘĘ�Ý 	ĳĞĜĩĳāŤĩĴĜħĳęĺĐ
Ý 
ûĞĩĘęĩĞĶĐøĩĚùęĩęġøĚİĎĨļþĢĘċÝ��ÝĘĘ�ÝĴĜħûþġėĩĕġįċĎŤĩę
ĳĒūĐĳĞĜĩÝ ��Ý ĞĨĐÝ ĵċęĴēĐøĩĚēţĩČĨċĴĐĞøĩĚęĮċøĚħċİøĴĜħ 
øĩĚĞĩþĳûĚĮĻĤþĘĮĤęĮċøĚħċİøċĨþĴġċþĶĐĚİĒĎĬĻÝ�

ĚİĒĎĬĻÝ7ÝÝÝ ġĚįĒĒũĄĢĩĶĐġţĞĐùĤþøĚħċİøùĩøĚĚķøĚĴĜħĖũĐ
Figure 7  Skeletal and dental problems summaries

ĚİĒĎĬĻÝ8 ÝÝ ĎīğĎĩþøĩĚĞĩþĳûĚĮĻĤþĘĮĤęĮċøĚħċİø
Figure 8  Distraction vector

Íïìßéâê
éæðñð

AP ÓâïñæàÞé ÑïÞëðóâïðâ ÁâëñÞé

.BYJMMB %FÛDJFODZ %FÛDJFODZ Canting Rt
down 2 mm Normal

.BOEJCMF Normal %FÛDJFODZ - -PXFSÝBOUFSJPS
retroclination

Chin Excess %FÛDJFODZ - -
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ėĩęĢĜĨþøĩĚēţĩČĨċęĮċøĚħċİøÝ ĕđøĩĚĳĒĜĬĻęĐĴĒĜþùĤþ
ĜĨøĠĊħĶđĢĐŤĩÝ ĵċęĘĬĵûĚþġĚŤĩþûĞĩĘġĨĘĕĨĐďŧùĤþøĚħċİøĴĜħ 
øĩĚġđĖũĐĎĬĻĒøČīÝ	ĚİĒĎĬĻÝ�ÝĴĜħÝ��
ÝĴĜħĘĬøĩĚĳĒĜĬĻęĐĴĒĜþùĤþ
ûţĩĘįĘĴĜħĚħęħĎĩþČţĩþÝ ĹÝ ċĨþĴġċþĶĐĚİĒĎĬĻÝ ��Ý ĶĐġţĞĐùĤþĖũĐ
ķĘţĕđøĩĚĜċĜþùĤþùĤđĳĢþĮĤøÝ 	HJOHJWBMÝ SFDFTTJPO
Ý ùĤþĖũĐ
ĴČţĜħĂĬĻĳĕīĻĘùĭļĐÿĩøĚħęħĴĚøĎĬĻķċŤĚĨđøĩĚĚĨøĠĩÝĴĜħĕđĞţĩĖũĐĎįøĂĬĻ
ġĩĘĩĚčĳûĜĮĻĤĐĎĬĻķċŤÿĩøČŀĩĴĢĐţþġįċĎŤĩęøţĤĐøĩĚēţĩČĨċęĮċøĚħċİø

ķċŤĳĕĬęþĳĜĺøĐŤĤęÝĵċęĳĀĕĩħĖũĐĂĬĻÝ��ÝķĘţġĩĘĩĚčċĭþĶĢŤùĭļĐġİţĚħĐĩđ
øĩĚġđĖũĐķċŤÝĐĤøÿĩøĐĬļęĨþĕđĖũĐġđĳĒŚċĴĜħĖũĐġđûĚţĤĘđĚīĳĞĊ
ĖũĐøĚĩĘĂĬĻĴĚøĎĨļþġĤþċŤĩĐÝĴĜħĕđāţĤþĞţĩþĚħĢĞţĩþĖũĐĂĬĻÝ��ÝĴĜħÝ
��Ý ĳĐĮĻĤþÿĩøĖũĐĂĬĻÝ ��Ý ķĘţČĤđġĐĤþČţĤĴĚþĎĬĻĶāŤĶĐøĩĚċĭþĖũĐÝ ĂĭĻþ
ĎĨĐČĴĕĎęŧċŤĩĐøĩĚĶġţĖũĐĴĐħĐŀĩĶĢŤĎŀĩûĚĤđĖũĐĴĜħĶġţĖũĐĒĜĤĘ
ĳĕĮĻĤĶĢŤķċŤøĩĚġđĖũĐĎĬĻġĘđİĚĊŧČţĤķĒÝÿĭþķċŤĎŀĩøĩĚčĤċĳûĚĮĻĤþĘĮĤĎĩþ
ĎĨĐČøĚĚĘÿĨċĖũĐĴĜħĶġţĳûĚĮĻĤþĘĮĤûþġėĩĕĖũĐĚĤøĩĚđİĚĊħøĩĚ 
ġđĖũĐĶĐùĨļĐČĤĐČţĤķĒ

ĚİĒĎĬĻÝ�Ý Ý ėĩĕčţĩęėĩęĐĤøāţĤþĒĩøĴĜħėĩĕĚĨþġĬøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþøţĤĐÝ	ø
ÝĴĜħėĩęĢĜĨþÝ	ù
ÝøĩĚēţĩČĨċęĮċøĚħċİø
'JHVSFÝ�Ý &YUSBPSBMÝQIPUPHSBQITÝBOEÝMBUFSBMÝDFQIBMPHSBNTÝDPNQBSJTPOÝCFGPSFÝ	B
ÝBOEÝBGUFSÝ	C
ÝEJTUSBDUJPOÝPTUFPHFOFTJT

ĚİĒĎĬĻÝ10ÝÝ Ý Ý øĩĚġđĖũĐėĩęĢĜĨþøĩĚĐŀĩĳûĚĮĻĤþĘĮĤęĮċøĚħċİøĤĤø
Figure 10  Occlusion after distractor removal

ĚİĒĎĬĻÝ11 Ý øĩĚĳĒĚĬęđĳĎĬęđČĨĞĴĒĚøħĵĢĜøğĬĚĠħøţĤĐĴĜħėĩęĢĜĨþøĩĚēţĩČĨċęĮċøĚħċİø
Figure 11  Cepalometric parameters comparison before and after distraction osteogenesis

	ø
ÝB
 	ù
ÝC


Cephalometrics

Parameters Norms Before After

4/"Ý	EFHSFFT
 85 ± 4 77 87

4/#Ý	EFHSFFT
 82 ± 3 85 83

"/#Ý	EFHSFFT
 3 ± 2 -8 4

8JUTÝ	NN
 -3 ± 2 ��� -3

$0�"Ý	NN
 90 ± 4 74 87

.Y�EFQUIÝ	EFHSFFT
 90 ± 3 88 97

6��-�Ý	EFHSFFT
 ���ÝmÝ�� ��� ���

0WFSCJUFÝ	NN
 �ÝmÝ� -3 3

0WFSKFUÝ	NN
 �ÝmÝ� -4 3

/-"Ý	EFHSFFT
 ��ÝmÝ�� 90 ���
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ēİŤĒŞĞęĳĚīĻĘČŤĐĶĢŤøĩĚĚĨøĠĩĳĘĮĻĤĤĩęįÝ ��Ý ĒśÝ ĴĜħĳġĚĺÿġīļĐ 
øĩĚĚĨøĠĩĳĘĮĻĤĤĩęįÝ ��ÝĒśÝ ĚĞĘĚħęħĳĞĜĩĶĐøĩĚĚĨøĠĩēİŤĒŞĞęĚĩęĐĬļ 
ĎĨļþġīļĐÝ��ÝĒśÝÿĩøøĩĚČīċČĩĘēĜøĩĚĚĨøĠĩėĩęĢĜĨþøĩĚčĤċĳûĚĮĻĤþĘĮĤ 
ĎĩþĎĨĐČøĚĚĘÿĨċĖũĐÝ�ÝĒśÝĕđĞţĩČŀĩĴĢĐţþùĤþĖũĐĴĜħøĩĚġđĖũĐ 
ķĘţĘĬøĩĚûĮĐøĜĨđÿĩøČŀĩĴĢĐţþġįċĎŤĩęĳĘĮĻĤĳġĚĺÿġīļĐøĩĚĚĨøĠĩÝ 
	ĚİĒĎĬĻÝ ��
Ý ēİŤĒŞĞęčİøġţþķĒĳĕĮĻĤĶġţĖũĐĎċĴĎĐĎĬĻĘĬāţĤþĞţĩþķċŤĴøţÝ
đĚīĳĞĊĂĬĻÝ��ÝđĚīĳĞĊĚħĢĞţĩþĖũĐĂĬĻÝ��ÝĴĜħÝ��ÝđĚīĳĞĊĂĬĻÝ��ÝĴĜħÝ
��ÝČţĤķĒÝ

<9Iþ+TE5��

ĳĒşĩĢĘĩęùĤþøĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘġŀĩĢĚĨđēİŤĒŞĞę
ĵĚûķûĜĵċĳûĚĳĐĬęĜċīġĤĤġĵČĂīġÝ ÿħùĭļĐøĨđĤĩęįÝ ĚħęħøĩĚġĚŤĩþ
ĖũĐĴĎŤÝ ġėĩĕùĤþĳĐĮļĤĳęĮĻĤĒĚīĎĨĐČŧÝ ĚĞĘĎĨļþûţĩĶāŤÿţĩęĶĐøĩĚĚĨøĠĩ
ĂĭĻþĶāŤĚħęħĳĞĜĩĶĐøĩĚĚĨøĠĩĎĬĻęĩĞĐĩĐĴĜħÿŀĩĳĒūĐČŤĤþķċŤĚĨđ 
øĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚēţĩČĨċĳĕĮĻĤĴøŤķù

ĚİĒĎĬĻÝ12ÝÝ Ý Ý ėĩĕčţĩęėĩęĐĤøĴĜħĶĐāţĤþĒĩøėĩęĢĜĨþĳġĚĺÿġīļĐøĩĚĚĨøĠĩÝ3ÝĒś
Figure 12  Extraoral and intraoral photographs at 3 years retention period
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ďĐ�ÝøĩĚġĚŤĩþĴĐĞûīċÝĞīďĬøĩĚĞīÿĨęÝĴĜħøĩĚġŀĩĚĞÿùŤĤĘİĜ

'lT-ÿh`+*$TE_=�6_>D%�OC[G

ķĘţĘĬûûĞĩĘùĨċĴęŤþĎĩþēĜĒĚħĵęāĐŧĶĐøĩĚğĭøĠĩ

$V77V$EEC=ER$TJ

ùĤùĤđûįĊÝ ĎĕĄ�ĒũĊĈĩĚĬęŧÝ ěĎďīĿčøĜÝ Ďĕ�ďĐĕĨĉĐŧÝ 
ĴġþĞĨĉĐħĚĨČĐŧÝ ĎĕĄ�ġįĕĚĚĠĩÝĕþğŧČīĞĨĉĐĩøįĜÝ Ďĕ�ĒĚĨāĄŧāĞīĐÝ 
ĳĢĜĩĢāĨęĤĚįĊÝûįĊġįĚĬĚĨČĐŧÝġįĞĚĚĊāĩČĚĬÝĴĜħûįĊĤĩĂĬĳĚĩħĢŧÝđīĜĳċťħ 
ĶĐûĞĩĘāţĞęĳĢĜĮĤĎĬĻĎŀĩĶĢŤđĎûĞĩĘĐĬļġĘđİĚĊŧęīĻþùĭļĐ
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Relationship between Obstructive  
Sleep Apnea and Extraction Teeth in 

Orthodontic Treatment
Wanchaloem Theprungsirikul*  Pipop Sutthiprapaporn**

đĎûĞĩĘĒĚīĎĨğĐŧ

Review article

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.

Keyword: Obstructive sleep apnea, Orthodontic treatment, Tooth extraction
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ĞĨĐĳĀĜīĘÝĳĎĕĚĨþğīĚīøįĜ�ÝÝėīėĕÝġįĎďīĒĚħėĩėĚĊŧ��

Ý �Ý ĎĨĐČĴĕĎęŧĚħċĨđāŀĩĐĩĄøĩĚÝĵĚþĕęĩđĩĜğĚĬġħĳøĠÝĤŀĩĳėĤĳĘĮĤþÝÿĨþĢĞĨċğĚĬġħĳøĠÝĒĚħĳĎğķĎę
Ý ��Ý ĚĤþğĩġČĚĩÿĩĚęŧÝûĊħĎĨĐČĴĕĎęğĩġČĚŧÝĘĢĩĞīĎęĩĜĨęùĤĐĴøţĐÝĤŀĩĳėĤĳĘĮĤþÝÿĨþĢĞĨċùĤĐĴøţĐÝĒĚħĳĎğķĎę

ēİŤČīċČţĤđĎûĞĩĘÝėīėĕÝġįĎďīĒĚħėĩėĚĊŧ
ĤĬĳĘĜÝTQJQPQ!LLV�BD�UI

<9'S6D�O

ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝĳĒūĐûĞĩĘēīċĒøČīùĊħĢĜĨđùĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĎĬĻĕđķċŤđţĤęÝĴĜħĢĩøķĘţķċŤĚĨđ
øĩĚĚĨøĠĩĎĬĻĳĢĘĩħġĘÝĤĩÿøţĤĶĢŤĳøīċėĩĞħĴĎĚøĂŤĤĐĎĨļþĎĩþċŤĩĐĚţĩþøĩęÝÿīČĶÿĴĜħġĨþûĘĢĜĩęĤęţĩþČĩĘĘĩÝĂĭĻþĎĨĐČĴĕĎęŧûĞĚĚİŤÿĨøĴĜħ
ġĩĘĩĚčûĨċøĚĤþûĞĩĘĳġĬĻęþùĤþøĩĚĳøīċėĩĞħċĨþøĜţĩĞķċŤċŤĞęøĩĚČĚĞÿāţĤþĒĩøĴĜħøĩĚĶāŤĴđđġĤđčĩĘûĨċøĚĤþÝķċŤĴøţÝĴđđġĤđčĩĘ
ĳđĤĚŧĜīĐÝĴđđġĤđčĩĘĚħċĨđûĞĩĘþţĞþĐĤĐÝĴĜħĴđđġĤđčĩĘĒĚħĳĘīĐėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÝĐĤøÿĩøĐĬļęĨþĞīĳûĚĩħĢŧÿĩøėĩĕĚĨþġĬ
øħĵĢĜøğĬĚĠħċŤĩĐùŤĩþĢĚĮĤĵûĐđĬĘûĤĘĕīĞĳċČĵĎĵĘøĚĩĖĖśÝĂĭĻþēİŤĒŞĞęĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĘĨøÿħĕđĜĨøĠĊħ 
ùĩøĚĚķøĚĜţĩþĳĜĺøÝ øĩĚĳÿĚīĄĳČīđĵČùĤþùĩøĚĚķøĚĜţĩþĶĐĴĐĞċīĻþġİþÝ øĩĚĳÿĚīĄĕĚţĤþùĤþĶđĢĐŤĩġţĞĐøĜĩþÝ ĚħęħÿĩøøĚħċİøĤţĤĐ
ķĎĚĤęċŧķĒĎĬĻûĩþġĨļĐÝĴĜħøĚħċİøķĥĤĤęċŧĤęİţČŀĻĩÝĒũÿÿįđĨĐøĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐķċŤČĚħĢĐĨøčĭþûĞĩĘġŀĩûĨĄùĤþėĩĞħĢęįċĢĩęĶÿ 
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĘĩøùĭļĐÝ ĂĭĻþøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚčĤĐĖũĐĴĜħøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚēţĩČĨċ
øĚħċİøùĩøĚĚķøĚĜţĩþčĤęĢĜĨþÝ ĳĒūĐøĩĚĚĨøĠĩĎĬĻČŤĤþĞĩþĴēĐøĩĚĚĨøĠĩĶĢŤĳĢĘĩħġĘÝ ĳĐĮĻĤþÿĩøøĩĚčĤĐĖũĐĴĜħøĩĚēţĩČĨċøĚħċİø 
ùĩøĚĚķøĚĜţĩþčĤęĢĜĨþÿħġţþēĜĶĢŤĕĮļĐĎĬĻĤęİţùĤþĜīļĐĜċĜþÝĜīļĐûţĤĐķĒĤęİţċŤĩĐĢĜĨþĘĩøùĭļĐÝĎŀĩĶĢŤĘĬĚħęħġĨĘēĨġøĨĐùĤþĳĕċĩĐĤţĤĐøĨđĜīļĐ
ĳĕīĻĘĘĩøùĭļĐĳĒūĐĳĢČįĶĢŤùĐĩċāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĜċĜþÝ ĂĭĻþĤĩÿĐŀĩķĒġİţøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ 
ùĭļĐķċŤÝĴČţÿĩøøĩĚğĭøĠĩĎĬĻēţĩĐĘĩęĨþķĘţġĩĘĩĚčġĚįĒķċŤĞţĩøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚčĤĐĖũĐĴĜħøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐ
ĚţĞĘøĨđøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþčĤęĢĜĨþġţþēĜĶĢŤĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđĵċęČĚþÝĳĐĮĻĤþÿĩøøĩĚğĭøĠĩġţĞĐĶĢĄţĎĬĻēţĩĐĘĩ 
ĳĒūĐøĩĚċİøĩĚĳĒĜĬĻęĐĴĒĜþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝ ĵċęķĘţķċŤĘĬøĩĚČĚĞÿøĩĚĐĤĐĢĜĨđÝ ĂĭĻþĳĒūĐøĩĚČĚĞÿĞīĐīÿĀĨęĘĩČĚćĩĐ 
ĶĐøĩĚĞīĐīÿĀĨęĴĜħđĤøĚħċĨđûĞĩĘĚįĐĴĚþùĤþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ċĨþĐĨļĐđĎûĞĩĘĐĬļĳġĐĤėĩĕĚĞĘĳĕĮĻĤĶĢŤ
ĎĨĐČĴĕĎęŧÿĨċĖũĐČĚħĢĐĨøčĭþûĞĩĘġŀĩûĨĄùĤþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĴĜħĞĩþĴēĐøĩĚĚĨøĠĩĎĬĻĳĢĘĩħġĘČţĤķĒ

ûŀĩġŀĩûĨĄ:ÝėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝøĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐÝøĩĚčĤĐĖũĐ
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ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ	PCTUSVDUJWFÝ
sleep apnea, OSA)1-5Ý ûĮĤÝ ėĩĞħĎĬĻĘĬøĩĚĤįċøĨļĐùĤþĎĩþ
ĳċīĐĢĩęĶÿġţĞĐđĐĎŀĩĶĢŤķĘţĘĬĜĘĢĩęĶÿēţĩĐÿĘİøĴĜħĒĩø
ġţþēĜĶĢŤĳøīċøĩĚĢĩęĶÿĴēţĞÝ 	IZQPQOFB
Ý ĢĚĮĤĢęįċĢĩęĶÿÝ
	BQOFB
ÝĎŀĩĶĢŤĚħċĨđĤĤøĂīĳÿĐĶĐĳĜĮĤċĜċĜþÝĴĜħøĚħČįŤĐĶĢŤĳøīċ 
øĩĚČĮĻĐČĨĞùĤþġĘĤþÝ	BSPVTBM
ÝÿĐđĩþûĚĨļþķĘţġĩĘĩĚčĐĤĐĢĜĨđ 
ČţĤĳĐĮĻĤþķċŤČĩĘĒøČīĳøīċēĜøĚħĎđČţĤĚħđđĤĞĨęĞħČţĩþÝĹÝ 
ùĤþĚţĩþøĩęĂĭĻþĐŀĩķĒġİţėĩĞħĢĨĞĶÿĳČŤĐēīċÿĨþĢĞħÝ ĢĨĞĶÿĜŤĘĳĢĜĞÝ 
ûĞĩĘċĨĐĵĜĢīČġİþÝĵĚûĢĜĤċĳĜĮĤċġĘĤþÝĴĜħĵĚûĳđĩĢĞĩĐÝĢĚĮĤ 
øĩĚĤįċČĨĐùĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐùĊħĢĜĨđÝ ĴĜħĤĩÿĎŀĩĶĢŤ 
ĳġĬęāĬĞīČķċŤĢĩøķĘţķċŤĚĨđøĩĚĚĨøĠĩÝġĩĳĢČįøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿ 
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĳøīċķċŤÿĩøĒũÿÿĨęĢĜĩęĤęţĩþĚĞĘøĨĐÝ 
ġţĞĐĶĢĄţĳøīċÿĩøûĞĩĘēīċĒøČīùĤþĵûĚþġĚŤĩþøĚħċİøÝûĞĩĘēīċĒøČī 
ùĤþøĩĚġđĖũĐĴĜħĜĨøĠĊħøĩęĞīėĩûùĤþĳĕċĩĐĒĩøÝ ĴĜħ 
ûĞĩĘēīċĒøČīùĤþĳĐĮļĤĳęĮĻĤĤţĤĐÝ ĵċęēİŤĒŞĞęĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿ
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÿħĘĬĵûĚþġĚŤĩþøĚħċİøĳĜĺøÝ	TNBMMÝCPOZÝ 
structure)6-9Ý ĂĭĻþġĨĘĕĨĐďŧøĨđĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĎĬĻĴûđĜþÝ 
ķċŤĴøţÝ ûĞĩĘġĨĘĕĨĐďŧĎĬĻēīċĒøČīùĤþøĚħċİøùĩøĚĚķøĚĴđđĎĬĻġĩĘÝ 
	TLFMFUBMÝ DMBTTÝ ** *Ý EFGPSNJUZ
Ý ĎĬĻĘĬøĚħċİøùĩøĚĚķøĚ 
đĐĳĜĺøÝ	NBYJMMBSZÝIZQPQMBTJB
ÝĴĜħøĚħċİøùĩøĚĚķøĚđĐčĤę 
	NBYJMMBSZÝ SFUSPHOBUIJTN
Ý ĚĞĘčĭþûĞĩĘġĨĘĕĨĐďŧĎĬĻēīċĒøČī 
ùĤþøĚħċİøùĩøĚĚķøĚĴđđĎĬĻġĤþÝ	TLFMFUBMÝDMBTTÝ**ÝEFGPSNJUZ
Ý
ÿĩøøĩĚĎĬĻøĚħċİøùĩøĚĚķøĚĜţĩþĳĜĺøÝ	NBOEJCVMBSÝIZQPQMBTJB
Ý
ĴĜħøĚħċİøùĩøĚĚķøĚĜţĩþčĤęÝ	NBOEJCVMBSÝSFUSPHOBUIJTN
Ý 
ĂĭĻþĎŀĩĶĢŤĘĬûĞĩĘęĩĞùĩøĚĚķøĚĜţĩþġĨļĐÝ 	TIPSUÝ NBOEJCVMBSÝ 
MFOHUI
Ý ČŀĩĴĢĐţþøĚħċİøķĥĤĤęċŧÝ 	IZPJEÝ CPOF
Ý ĤęİţČŀĻĩĴĜħ
ĎŀĩĶĢŤĜīļĐČøķĒċŤĩĐĢĜĨþġţþēĜĶĢŤĳøīċøĩĚĤįċøĨļĐĎĩþĳċīĐĢĩęĶÿ 
ùĊħĐĤĐĢĜĨđķċŤÝ ĚĞĘčĭþûĞĩĘġĨĘĕĨĐďŧĎĬĻēīċĒøČīùĤþøĚħċİø 
ùĩøĚĚķøĚđĐ�ĜţĩþĎĬĻĘĬøĩĚčĤęĢĜĨþÝ	CJNBYJMMBSZÝSFUSVTJPO
10 ĴĜħ 
øĩĚĳÿĚīĄĳČīđĵČùĤþùĩøĚĚķøĚĜţĩþĶĐĴĐĞċīĻþġİþÝ 	IZQFSEJWFSHFOUÝ 
pattern)11 øĺĳĒūĐġĩĳĢČįĎĬĻĎŀĩĶĢŤĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ 
ÿĩøøĩĚĤįċøĨļĐùĭļĐķċŤÝ ĐĤøÿĩøĐĬļûĞĩĘēīċĒøČīùĤþøĩĚġđĖũĐ 
ĴĜħĜĨøĠĊħøĩęĞīėĩûùĤþĳĕċĩĐĒĩøĎĬĻĕđĶĐēİŤĒŞĞęĎĬĻĘĬėĩĞħ 
ĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ķċŤĴøţÝ ùĩøĚĚķøĚđĐĴûđÝ
	OBSSPXÝNBYJMMB
ÝĘĬĚİĒĚţĩþĚİĒČĨĞĞĬÝ	7ÝQBMBUBMÝTIBQF
12,13 ĚţĞĘøĨđ 
ĕđĖũĐĢĐŤĩ�ĢĜĨþġđķùĞŤÝ	BOUFSJPSÝBOEÝQPTUFSJPSÝDSPTTCJUF
Ý
ĴĜħĕđøĩĚġđĖũĐēīċĒøČīĒĚħĳėĎÝ�Ý	DMBTTÝ**ÝNBMPDDMVTJPO
Ý
ĎĬĻĘĬøĩĚġđĳĢĜĮĻĤĘĴĐĞĚĩđĘĩøÝ 	MBSHFÝPWFSKFU
Ý øĩĚġđĖũĐĜĭøÝ
	EFFQCJUF
Ý ĴĜħĖũĐĂŤĤĐĳøĶĐùĩøĚĚķøĚĜţĩþ14,15 ĚĞĘčĭþûĞĩĘ
ēīċĒøČīùĤþĳĐĮļĤĳęĮĻĤĤţĤĐĎĬĻĕđķċŤđţĤęÝ ûĮĤÝ ėĩĞħĐŀļĩĢĐĨøČĨĞĘĩø

ĳøīĐĴĜħĵĚûĤŤĞĐÝĜīļĐĵČÝ	NBDSPHMPTTJB
ÝČţĤĘĎĤĐĂīĜĴĜħČţĤĘ 
ĤħċĬĐĤęċŧĵČÝ 	BEFOPUPOTJMMBSÝ IZQFSUSPQIZ
Ý ĴĜħĘĬĳĕċĩĐ
ĤţĤĐĎĬĻĢĐĩÝ	UIJDLÝTPGUÝQBMBUF
9,16ÝĐĤøÿĩøĐĬļęĨþĘĬēĜøĩĚğĭøĠĩ
ĶĐēİŤĒŞĞęĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĕđĞţĩ 
ĶĐùĊħĐĤĐĢĜĨđøĩĚĎŀĩþĩĐùĤþøĜŤĩĘĳĐĮļĤĳÿĐīĵĤøĜĤġġĨġÝ
	HFOJPHMPTTVTÝNVTDMF
Ý ĜċĜþÝ ĳĐĮĻĤþÿĩøĶĐĳĞĜĩĐĤĐĢĜĨđ 
ğİĐęŧĢĩęĶÿĶĐøŤĩĐġĘĤþġĨĻþøĩĚĘĩęĨþøĜŤĩĘĳĐĮļĤĜċĜþÝ ĎŀĩĶĢŤĜīļĐ 
ķĒĤįċøĨļĐĎĩþĳċīĐĢĩęĶÿķċŤ17 

ĶĐĒũÿÿįđĨĐķċŤĘĬøĩĚČĚħĢĐĨøčĭþĤĨĐČĚĩęÿĩøėĩĞħĢęįċ 
ĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĳĕīĻĘĘĩøùĭļĐÝĂĭĻþøĩĚĚĨøĠĩĎĨĐČøĚĚĘ 
ÿĨċĖũĐĚţĞĘøĨđøĩĚčĤĐĖũĐĤĩÿĳĒūĐĢĐĭĻþĶĐġĩĳĢČįĎĬĻĎŀĩĶĢŤĳøīċėĩĞħ
ĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐķċŤ18-21 ĳĐĮĻĤþÿĩøøĩĚčĤĐĖũĐ 
ĴĜŤĞĘĬøĩĚčĤęĖũĐĢĐŤĩķĒċŤĩĐĢĜĨþĎŀĩĶĢŤĜċĕĮļĐĎĬĻĤęİţùĤþĜīļĐÝ 
ĴČţĶĐĒũÿÿįđĨĐęĨþĳĒūĐùŤĤčøĳčĬęþ22-25Ý ċĨþĐĨļĐđĎûĞĩĘĐĬļÿħĳġĐĤ
ėĩĕĚĞĘĳĕĮĻĤĶĢŤĎĨĐČĴĕĎęŧÿĨċĖũĐČĚħĢĐĨøčĭþûĞĩĘġŀĩûĨĄùĤþ
ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ĴĜħĤďīđĩęčĭþûĞĩĘ
ġĨĘĕĨĐďŧĚħĢĞţĩþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĴĜħ
øĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚčĤĐĖũĐ

OZ<S7V$TE5��

ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĳĒūĐĒũĄĢĩ 
ĎĬĻĕđķċŤđţĤęĴĜħġţþēĜøĚħĎđČţĤġįùėĩĕÝ ĵċęĚĞĘĤęţĩþāĨċĳÿĐÝ
ĕđđţĤęĶĐēİŤĶĢĄţĎĬĻĘĬĤĩęįĚħĢĞţĩþÝ �����Ý Ēś26 ĂĭĻþĤįđĨČīøĩĚĊŧ 
øĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĘĬĳĕīĻĘĘĩøùĭļĐ
ĴĜħĳĒūĐēĜĘĩÿĩøøĩĚĳĕīĻĘùĭļĐùĤþĵĚûĤŤĞĐĎĨĻĞĵĜø27-31Ý ĂĭĻþĳĒūĐ
ĒũÿÿĨęĳġĬĻęþġŀĩûĨĄĎĬĻĎŀĩĶĢŤĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩø 
øĩĚĤįċøĨļĐÝ ĵċęĕđĞţĩĘĩøøĞţĩĚŤĤęĜħÝ ��Ý ùĤþēİŤĒŞĞęėĩĞħ 
ĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÿħĘĬċĨāĐĬĘĞĜøĩęÝ 	CPEZÝ
NBTTÝ JOEFY
Ý #.*
Ý ĘĩøøĞţĩÝ ��Ý øīĵĜøĚĨĘČţĤČĩĚĩþĳĘČĚÝ 
ĴĘŤĞţĩÿħķĘţĘĬûĞĩĘġĨĘĕĨĐďŧĚħĢĞţĩþĵĚûĤŤĞĐøĨđėĩĞħĢęįċĢĩęĶÿ 
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĤęţĩþāĨċĳÿĐĶĐēİŤĒŞĞęġİþĤĩęį32,33

ÿĩøøĩĚğĭøĠĩĤįđĨČīøĩĚĊŧùĤþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ
ÿĩøøĩĚĤįċøĨļĐÝ 	ČĩĚĩþĎĬĻÝ �
Ý ĕđĞţĩčŤĩĶāŤĳøĊĈŧĞīĐīÿĀĨęĎĬĻċĨāĐĬ 
øĩĚĢęįċĢĩęĶÿĴĜħĢĩęĶÿĴēţĞÝ	")*
ÝČĨļþĴČţÝ�ÝûĚĨļþ�āĨĻĞĵĘþùĭļĐķĒÝ 
ÿħĕđĤįđĨČīøĩĚĊŧùĤþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ
ĶĐāĩĞČħĞĨĐČøġİþĘĩøčĭþĚŤĤęĜħÝ����ÝĶĐĳĕğāĩę34ÝĴĜħĚŤĤęĜħ 
����ÝĶĐĳĕğĢĄīþ34ÝøĩĚğĭøĠĩĶĐĒĚħĳĎğĥţĤþøþÝĳøĩĢĜĬÝÿĬĐÝĴĜħ
ĤīĐĳċĬęÝ ĕđĞţĩĘĬĤįđĨČīøĩĚĊŧĶĐĳĕğāĩęĤęİţĎĬĻĚŤĤęĜħÝ ���
Ý ����
Ý
����ÝĴĜħÝ����ÝČĩĘĜŀĩċĨđ35,31,36,37 ĴĜħĳĕğĢĄīþĕđĤęİţĎĬĻĚŤĤęĜħÝ
���
Ý����
Ý����ÝĴĜħÝ���ÝČĩĘĜŀĩċĨđ38,31,36,37ÝĶĐĒĚħĳĎğĄĬĻĒįŞĐÝ
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ĘĬĳĕĬęþøĩĚğĭøĠĩĤįđĨČīøĩĚĊŧĶĐĳĕğāĩęĕđĤęİţĎĬĻĚŤĤęĜħÝ ����39  
ĴĜħĶĐĒĚħĳĎğķĎęÿĩøĚĩęþĩĐøĩĚğĭøĠĩùĤþÝāĨęĚĨČĐŧÝĐīĚĨĐČĚĨČĐŧÝ 
ĴĜħġįĒĚħĕĜÝ ÿĨĐĎĕĨĐďŧ40Ý ĕđĞţĩĘĬĤįđĨČīøĩĚĊŧĵċęĚĞĘĚŤĤęĜħÝ
����Ý ĵċęĶĐĳĕğāĩęĕđķċŤĚŤĤęĜħÝ ����Ý ĴĜħĳĕğĢĄīþĕđķċŤ 
ĚŤĤęĜħÝ ���Ý ċĨþĐĨļĐÿħĳĢĺĐĞţĩĤįđĨČīøĩĚĊŧùĤþėĩĞħĢęįċĢĩęĶÿ
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĶĐĒĚħāĩøĚāĩĞĳĤĳāĬęĚĞĘčĭþĒĚħāĩøĚ
ķĎęĐĨļĐķĘţķċŤĴČøČţĩþøĨĐøĨđĒĚħāĩøĚĶĐĒĚħĳĎğĴčđČħĞĨĐČø

ĐĤøÿĩøĐĬļĜĨøĠĊħĵûĚþġĚŤĩþøĚħċİøùĩøĚĚķøĚĎĬĻ  
ĴČøČţĩþøĨĐĘĬûĞĩĘġĨĘĕĨĐďŧøĨđĤįđĨČīøĩĚĊŧøĩĚĳøīċėĩĞħĢęįċ 
ĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ĵċęÝ ,JNÝ 4�+Ý ĴĜħûĊħ41  
ĶĐĒśÝĕ�ğ�Ý����ÝĕđĞţĩÝûĞĩĘġĨĘĕĨĐďŧøĚħċİøùĩøĚĚķøĚĴđđĎĬĻġĤþÝ
	TLFMFUBMÝDMBTTÝ**ÝSFMBUJPOTIJQ
ÝĕđĤįđĨČīøĩĚĊŧĳøīċėĩĞħĢęįċ
ĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐġİþġįċÝûīċĳĒūĐĚŤĤęĜħÝ����ÝĚĤþ
ĜþĘĩÝûĮĤÝûĞĩĘġĨĘĕĨĐďŧøĚħċİøùĩøĚĚķøĚĴđđĎĬĻĢĐĭĻþÝ	TLFMFUBMÝ

DMBTTÝ*ÝSFMBUJPOTIJQ
ÝĚŤĤęĜħÝ����ÝĴĜħûĞĩĘġĨĘĕĨĐďŧøĚħċİø
ùĩøĚĚķøĚĴđđĎĬĻġĩĘÝ	TLFMFUBMÝDMBTTÝ***ÝSFMBUJPOTIJQ
ÝĚŤĤęĜħ 
����Ý ČĩĘĜŀĩċĨđÝ ĵċęēİŤĒŞĞęėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚ
ĤįċøĨļĐĎĬĻĘĬûĞĩĘġĨĘĕĨĐďŧøĚħċİøùĩøĚĚķøĚĴđđĎĬĻġĤþġţĞĐĶĢĄţ
ĘĬøĚħċİøùĩøĚĚķøĚĜţĩþčĤęÝ 	NBOEJCVMBSÝ SFUSPHOBUIJTN
Ý
ĚŤĤęĜħÝ��ÝĴĜħĘĬĜĨøĠĊħøĚħċİøùĩøĚĚķøĚđĐęĮĻĐÝ 	NBYJMMBSZÝ
QSPHOBUIJTN
ÝĳĕĬęþĚŤĤęĜħÝ����ÝĶĐùĊħĎĬĻøĜįţĘûĞĩĘġĨĘĕĨĐďŧ
øĚħċİøùĩøĚĚķøĚĴđđĎĬĻġĩĘÝġţĞĐĶĢĄţĘĬøĚħċİøùĩøĚĚķøĚđĐčĤęÝ 
	NBYJMMBSZÝSFUSPHOBUIJTN
ÝĚŤĤęĜħÝ����ÝĴĜħĘĬĜĨøĠĊħøĚħċİø
ùĩøĚĚķøĚĜţĩþęĮĻĐÝ	NBOEJCVMBSÝQSPHOBUIJTN
ÝĚŤĤęĜħÝ����Ý
ĴČţĶĐøĜįţĘûĞĩĘġĨĘĕĨĐďŧøĚħċİøùĩøĚĚķøĚĴđđĎĬĻĢĐĭĻþÝ ÿħĕđ
ĜĨøĠĊħøĚħċİøùĩøĚĚķøĚđĐ�ĜţĩþęĮĻĐÝ	CJNBYJMMBSZÝQSPUSVTJPO
Ý
ĚŤĤęĜħÝ����ÝĂĭĻþĘĩøøĞţĩĜĨøĠĊħøĚħċİøùĩøĚĚķøĚđĐ�ĜţĩþčĤęÝ
	CJNBYJMMBSZÝSFUSVTJPO
ÝĎĬĻĘĬĚŤĤęĜħÝ���Ý	ČĩĚĩþĎĬĻÝ�
Ý

ČĩĚĩþĎĬĻÝ�ÝĤįđĨČīøĩĚĊŧùĤþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĵċęĶāŤĳøĊĈŧċĨāĐĬøĩĚĢęįċĢĩęĶÿĴĜħĢĩęĶÿĴēţĞÝ 	")*
Ý ČĨļþĴČţÝ
�ÝûĚĨļþ�āĨĻĞĵĘþÝùĭļĐķĒ

=ER_9J =��¥@«J«¦ %;T6=ER-T$E�¥';¦ -�I*OTDZ�¥=�¦
OZ<S7V$TE5��¥E�ODGR¦

>[�-TD >[�M�V* EIC

ġĳĒĐ42 2544 2148 30-70 26.2 28.0 35.2

ĥţĤþøþ35 2544 153 30-60 8.8 /�" /�"

ĥţĤþøþ38 2547 106 30-60 /�" 3.7 /�"

ĳøĩĢĜĬ31 2547 457 40-69 27.1 16.8 28.4

ÿĬĐ36 2548 3648         >_ 20 24.2 24.2 23.6

ĤĤġĳČĚĳĜĬę43 2551 380 40-65 25.5 23.5 24.5

ĄĬĻĒįŞĐ39 2551 322 23-59 59.7 /�" /�"

ĤīĐĳċĬę37 2552 365 30-65 13.5 6.1 9.6

ķĎę40 2554 199 28-47 15.4 6.3 11.4

ĐĤĚŧĳĞęŧ44 2554 518 30-65 21.0 13.0 22.1

ġĢĚĨćĤĳĘĚīøĩ45 2556 1520 30-70 33.9 17.4 33.2

ĳęĤĚĘĐĬ34 2561 1208 20-81 59.4 33.2 60.1
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Country Year
Ðæ÷â�ìã�íìíòéÞñæìë�

¥Ë¦

¾äâ�ïÞëäâ�

¥ÖâÞïð¦

Æëàæáâëàâ�¥¢¦

ÊÞéâ ÃâêÞéâ ÑìñÞé

Spain42 2001 2148 30-70 26.2 28.0 35.2

Hong Kong35 2011 153 30-60 8.8 /�" /�"

Hong Kong38 2004 106 30-60 /�" 3.7 /�"

Korea31 2004 457 40-69 27.1 16.8 28.4

China36 2005 3648         >_ 20 24.2 24.2 23.6

Australia43 2008 380 40-65 25.5 23.5 24.5

+BQBO39 2008 322 23-59 59.7 /�" /�"

*OEJB37 2009 365 30-65 13.5 6.1 9.6

Thailand40 2011 199 28-47 15.4 6.3 11.4

Norway44 2011 518 30-65 21.0 13.0 22.1

United States45 2013 1520 30-70 33.9 17.4 33.2

Germany34 2018 1208 20-81 59.4 33.2 60.1

5BCMFÝ�ÝÝ5IFÝJODJEFODFÝPGÝPCTUSVDUJWFÝTMFFQÝBQOFBÝVTJOHÝUIFÝ"QOFB�)ZQPQOFBÝ*OEFYÝ	")*
ÝPGÝ�ÝPSÝNPSFÝFWFOUT�
hour.

GS$K5Ra'E*LE�T*$ER6[$%T$EEc$E OZ<S7V$TE5��¥E�ODGR¦

ûĞĩĘġĨĘĕĨĐďŧøĚħċİøùĩøĚĚķøĚĴđđĎĬĻġĤþÝ 57.2

�Ý øĚħċİøùĩøĚĚķøĚĜţĩþčĤęÝ

�Ý øĚħċİøùĩøĚĚķøĚđĐęĮĻĐ

82 

20.8

ûĞĩĘġĨĘĕĨĐďŧøĚħċİøùĩøĚĚķøĚĴđđĎĬĻĢĐĭĻþ 32.3

�Ý øĚħċİøùĩøĚĚķøĚđĐ�ĜţĩþęĮĻĐ

�Ý øĚħċİøùĩøĚĚķøĚđĐ�ĜţĩþčĤę

13.2 

9.1

ûĞĩĘġĨĘĕĨĐďŧøĚħċİøùĩøĚĚķøĚĴđđĎĬĻġĩĘ 10.5

�Ý øĚħċİøùĩøĚĚķøĚĜţĩþęĮĻĐÝ

�Ý øĚħċİøùĩøĚĚķøĚđĐčĤę

65.1 

96.9

ČĩĚĩþĎĬĻÝ�ÝĜĨøĠĊħĵûĚþġĚŤĩþøĚħċİøùĩøĚĚķøĚĴĜħĤįđĨČīøĩĚĊŧùĤþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ
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ÐèâéâñÞé�ïâéÞñæìëðåæí
Æëàæáâëàâ�ìã�ìßðñïòàñæóâ�

ðéââí�ÞíëâÞ�¥¢¦

Skeletal Class II 57.2

- Mandibular retrognathism 

- Maxillary prognathism

82 

20.8

Skeletal Class I 32.3

- Bimaxillary protrusion

- Bimaxillary retrusion

13.2 

9.1

Skeletal Class III 10.5

- Mandibular prognathism 

- Maxillary retrognathism

65.1 

96.9

5BCMFÝ�  Skeletal relationship and the incidence of obstructive sleep apnea

@DT:þLEÿEIþ9DT

ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĳĒūĐėĩĞħĎĬĻĘĬ
øĩĚČĬđĴûđùĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝĂĭĻþĳøīċÿĩøûĞĩĘēīċĒøČī
ùĤþĒũÿÿĨęĢĜĩęĤęţĩþĚţĞĘøĨĐ46 ĶĐġţĞĐùĤþĒũÿÿĨęĎĩþøĩęĞīėĩûÝ
	BOBUPNJDBMÝ GBDUPS
Ý ēİŤĒŞĞęÿħĘĬĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝ 
ĴûđøĞţĩûĐĒøČīĤęţĩþĘĬĐĨęġŀĩûĨĄ47Ý ĵċęĳĀĕĩħûĤĢĤęđĚīĳĞĊ
ĢĜĨþĳĕċĩĐĤţĤĐĂĭĻþĳĒūĐČŀĩĴĢĐţþĎĬĻĕđøĩĚĤįċøĨļĐđţĤęĎĬĻġįċ 
ùĊħĢĜĨđ47Ý ĂĭĻþĒũÿÿĨęĎĬĻĘĬēĜĎŀĩĶĢŤĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĴûđĜþ 
ĒĚħøĤđċŤĞęûĞĩĘęĩĞùĤþùĩøĚĚķøĚĜţĩþĎĬĻġĨļĐĢĚĮĤčĤęÝ
	SFUSPHOBUIJTN
ÝÿħĎŀĩĶĢŤĜīļĐČøķĒċŤĩĐĢĜĨþÝČŀĩĴĢĐţþùĤþøĚħċİø
ĵûĐĜīļĐĤęİţČŀĻĩĳøīĐķĒÝ ùĩøĚĚķøĚđĐĤęİţĶĐČŀĩĴĢĐţþĎĬĻčĤęĢĜĨþ 
ĘĩøøĞţĩĒøČīÝ	SFUSPHOBUIJTN
ÝĳĐĮļĤĳęĮĻĤĤţĤĐĎĬĻĘĬùĐĩċĶĢĄţÝĳāţĐÝ
ĳĕċĩĐĤţĤĐÝ ĜīļĐÝ ČţĤĘĎĤĐĂīĜÝ ČţĤĘĤċĬĐĤęċŧÝ ĴĜħēĐĨþċŤĩĐùŤĩþ 
ùĤþûĤĢĤęÝ	MBUFSBMÝQIBSZOHFBMÝXBMM
48ÝĴĜħĶĐġţĞĐùĤþĒũÿÿĨę
ĎĩþġĚĬĚĞīĎęĩÝ	QIZTJPMPHJDBMÝGBDUPS
ÝĳĐĮĻĤþÿĩøùĊħĢĜĨđøĩĚ
ĎŀĩþĩĐùĤþøĜŤĩĘĳĐĮļĤČţĩþÝĹÝÿħĢęţĤĐęĩĐÝĳāţĐÝøĜŤĩĘĳĐĮļĤĳÿĐīĵĤ
øĜĤġġĨġÝ ĴĜħøĜŤĩĘĳĐĮļĤĳĎĐĳĂĤĚŧÝ ĕĩĜĩĎīķĐÝ ĎĬĻĎŀĩĶĢŤĜīļĐĘĬøĩĚ
čĤęøĜĨđķĒĒŚċĎĩþĳċīĐĢĩęĶÿĶĢŤĴûđĜþÝ ġţþēĜĶĢŤĳøīċøĩĚĤįċ 
ČĨĐùĤþĎĩþĳċīĐĢĩęĶÿĎŀĩĶĢŤĘĬøĩĚĜċĜþĢĚĮĤøĩĚùĩċĢĩęùĤþ
ĜĘĢĩęĶÿĤęţĩþĐŤĤęÝ��ÝĞīĐĩĎĬ49ÝĂĭĻþÿħķĒøĚħČįŤĐĎĬĻğİĐęŧûĞđûįĘ
øĩĚĢĩęĶÿĎŀĩĶĢŤĚţĩþøĩęČŤĤþĢĩęĶÿĚĨđĤĩøĩğĳùŤĩĘĩøùĭļĐÝ ĎŀĩĶĢŤ
ĳøīċûĞĩĘċĨĐĎĬĻĳĒūĐĜđđĚīĳĞĊĎĩþĳċīĐĢĩęĶÿĳĢĐĮĤøĜţĤþĳġĬęþÝ
	OFHBUJWFÝ QIBSZOHFBMÝ QSFTTVSF
Ý ĴĜħġţþēĜĎŀĩĶĢŤĤĩøĩğ
ēţĩĐĳùŤĩġİţĒĤċķċŤĐŤĤęĜþĢĚĮĤēţĩĐķĘţķċŤĳĜęÿĐĳøīċøĩĚĢęįċĢĩęĶÿ 

ùĊħĢĜĨđČĩĘĘĩ50 ùĊħĢęįċĢĩęĶÿĚţĩþøĩęÿħĘĬøĩĚĜċĜþ 
ùĤþĚħċĨđĤĤøĂīĳÿĐĎŀĩĶĢŤĢĜĤċĳĜĮĤċĎĨĻĞĚţĩþøĩęĳøīċøĩĚĢċČĨĞÝ 
ÿĭ þ ĳøī ċûĞĩĘċĨĐ ĵĜĢīČġİ þĴĜħûĞĩĘċĨĐ ĵĜĢīČ ĶĐĒĤċġİ þÝ 
ĵċęĳĀĕĩħĤęţĩþęīĻþĢĩøĘĬøĩĚĢęįċĢĩęĶÿĳĒūĐĳĞĜĩĐĩĐĚħċĨđ
ûĩĚŧđĤĐķċĤĤøķĂċŧĶĐøĚħĴġĳĜĮĤċÿħĳĕīĻĘĘĩøùĭļĐÝ ĎŀĩĶĢŤĳĜĮĤċ
ĘĬûĞĩĘĳĒūĐøĚċĘĩøùĭļĐÝ ĂĭĻþÿħķĒøĚħČįŤĐČĨĞĚĨđûĞĩĘĚİŤġĭøĎĬĻķĞ 
ČţĤøĩĚĳĒĜĬĻęĐĴĒĜþĎĩþĳûĘĬÝ 	DIFNPSFDFQUPS
Ý ĶĢŤēİŤĒŞĞę
ġħċįŤþČĮĻĐùĭļĐĴĜħĢĩęĶÿĳĥĮĤøĶĢĄţĳĕĮĻĤĚĨđĤĩøĩğĳùŤĩĒĤċĴĜŤĞÝ 
ÿĭþġĩĘĩĚčĢĜĨđČţĤķċŤ51

$TEIþ;V+,SD

ĶĐøĩĚĞīĐīÿĀĨęēİŤĒŞĞęėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩø
øĩĚĤįċøĨļĐÿħĕīÿĩĚĊĩĎĨļþÝ �Ý ĤþûŧĒĚħøĤđĚţĞĘøĨĐÝ ûĮĤÝ ĤĩøĩĚ
ĴġċþùĤþēİŤĒŞĞęÝ 	TZNQUPNT
Ý øĩĚČĚĞÿĚţĩþøĩęÝ 	QIZTJDBMÝ
FYBNJOBUJPO
ÝøĩĚČĚĞÿĶĐāţĤþĒĩøÝ	JOUSBPSBMÝFYBNJOBUJPO
Ý
øĩĚČĚĞÿĎĩþėĩĕčţĩęĚĨþġĬøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþÝ 	MBUFSBMÝ
DFQIBMPNFUSJDÝ FYBNJOBUJPO
Ý øĩĚûĨċøĚĤþûĞĩĘĳġĬĻęþ
ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĵċęĶāŤĴđđġĤđčĩĘÝ
	TDSFFOJOHÝ RVFTUJPOOBJSFT
Ý ĴĜħøĩĚČĚĞÿøĩĚĐĤĐĢĜĨđÝ
	QPMZTPNOPHSBQIZ
Ý

��ÝĤĩøĩĚĴġċþùĤþēİŤĒŞĞęÝ	TZNQUPNT
ÝĴđţþĤĤøĳĒūĐ 
ĤĩøĩĚĎĬĻĳøīċùĭļĐĳĞĜĩøĜĩþûĮĐÝ 	OJHIUUJNFÝ TZNQUPNT
42,52-54 

ķċŤĴøţÝĐĤĐøĚĐĚţĞĘøĨđĘĬĤĩøĩĚĢęįċĢĩęĶÿÝ	XJUOFTTFEÝBQOFB
Ý 
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ĒũġġĩĞħđţĤęøĜĩþûĮĐÝĘĬĤĩøĩĚÿįøûĤĎŀĩĶĢŤČŤĤþČĮĻĐÝġŀĩĜĨøĢĩęĶÿ
ķĘţĤĤøÝ ġİċĢĩęĶÿĳĥĮĤøĳĕĚĩħĚİŤġĭøùĩċĤĩøĩğÝ 	DIPDLJOHÝ
PSÝ HBTQJOHÝ GPSÝ BJS
Ý ČĮĻĐđţĤęĳĞĜĩøĜĩþûĮĐÝ ĴĜħĐĤĐøĚħġĨđ
øĚħġţĩęČţĤĳĐĮĻĤþĴĜħĤĩøĩĚĎĬĻĳøīċùĭļĐĳĞĜĩøĜĩþĞĨĐÝ 	EBZUJNFÝ
symptoms)42,52,55-58Ý ķċŤĴøţÝ ĤĩøĩĚþţĞþĐĤĐĘĩøēīċĒøČīĳĞĜĩ 
øĜĩþĞĨĐÝĤĩøĩĚùĩċġĘĩďīÝĒĞċğĬĚĠħČĤĐĳāŤĩÝĘĬĤĩøĩĚĒĩøĴĢŤþ
ČĤĐČĮĻĐĳāŤĩÝ	ÿĩøøĩĚĢĩęĶÿĎĩþĒĩøČĤĐøĜĩþûĮĐ
ÝĵċęĎĬĻĤĩøĩĚ
þţĞþĐĤĐĘĩøēīċĒøČīĳĞĜĩøĜĩþĞĨĐčĮĤĳĒūĐĤĩøĩĚĢĜĨøĎĬĻēİŤĒŞĞęĘĩ
ĕđĴĕĎęŧ

��ÝøĩĚČĚĞÿĚţĩþøĩęÝ	QIZTJDBMÝFYBNJOBUJPO
13,59-63 
ĒĚħøĤđċŤĞęøĩĚČĚĞÿĚţĩþøĩęĎĨĻĞķĒÝĳāţĐÝġĨĄĄĩĊāĬĕÝĐŀļĩĢĐĨøÝ 
ġţĞĐġİþÝ ċĨāĐĬĘĞĜøĩęÝ ùĐĩċĳġŤĐĚĤđĳĤĞĴĜħġħĵĕøÝ ĳĕĮĻĤĘĤþ
ĢĩėĩĞħĤŤĞĐĵċęĳĀĕĩħøĜįţĘĤĩøĩĚĤŤĞĐĜþĕįþÝ ĳĒūĐČŤĐÝ ĴĜħ
øĩĚČĚĞÿĚţĩþøĩęđĚīĳĞĊĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝ ĳĕĮĻĤĒĚħĳĘīĐ
øĩĚČĬđĴûđùĤþĎĩþĳċīĐĢĩęĶÿÝ ķċŤĴøţÝ ùĐĩċĳġŤĐĚĤđûĤĎĬĻĶĢĄţÝ
	ĘĩøøĞţĩÝ ��Ý ĐīļĞĶĐĳĕğĢĄīþÝ ĴĜħĘĩøøĞţĩÝ ��Ý ĐīļĞĶĐĳĕğāĩę
Ý
ĵûĚþġĚŤĩþøħĵĢĜøğĬĚĠħĴĜħĶđĢĐŤĩĎĬĻēīċĒøČīÝ ĳāţĐÝ ùĩøĚĚķøĚ
ĜţĩþĳĜĺøĳøīĐÝ 	NJDSPHOBUIJTN
Ý ùĩøĚĚķøĚĜţĩþĎĬĻġĨļĐĢĚĮĤčĤęÝ
	SFUSPHOBUIJTN
Ý ĵċęČŀĩĴĢĐţþùĤþÿįċĐİĐġįċùĤþĳĐĮļĤĳęĮĻĤĤţĤĐ 
ùĤþûĩþÝ	TPGUÝUJTTVFÝQPHPOJPO
ÝĤęİţĢĜĨþČţĤĚħĐĩđĴĐĞċīĻþÿĚīþÝ
	USVFÝ WFSUJDBMÝ MJOF
Ý ĵċęĳġŤĐĎĬĻĜĩøēţĩĐÿįċĂĨđĐĩĂĨĜĳĜęŧÝ 	4O
Ý
ČĨļþĀĩøøĨđĚħĐĩđĴĖĚþøŧĖĤĚŧČÝ	GSBOLGPSUÝIPSJ[POUBMÝQMBOF
Ý
ĘĩøøĞţĩÝ �Ý ĘīĜĜīĳĘČĚÝ øĩĚĳÿĚīĄĕĚţĤþùĤþĶđĢĐŤĩġţĞĐøĜĩþÝ
	NJEGBDFÝIZQPQMBTJB
ÝĚħęħÿĩøøĚħċİøĤţĤĐķĎĚĤęċŧķĒĎĬĻûĩþÝ
	UIZSPNFOUBMÝEJTUBODF
ÝġĨļĐĜþÝĂĭĻþĒøČīĚħęħÿĩøøĚħċİøĤţĤĐ 
ķĎĚĤęċŧķĒĎĬĻûĩþÝ ĘĬûţĩĒĚħĘĩĊÝ �Ý ĳĂĐČīĳĘČĚÝ ĴĜħČŀĩĴĢĐţþ 
øĚħċİøķĥĤĤęċŧĤęİţČŀĻĩÝĂĭĻþĒøČīøĚħċİøķĥĤĤęċŧÿħĤęİţĎĬĻĚħċĨđĳċĬęĞ

øĨđøĚħċİøûĤāīļĐĎĬĻÝ�Ý	UIJSEÝDFSWJDBMÝWFSUFCSBF
Ý
��ÝøĩĚČĚĞÿĶĐāţĤþĒĩøÝ 	JOUSBPSBMÝ FYBNJOBUJPO
Ý

ûĮĤÝ øĩĚČĚĞÿøĩĚġđĖũĐĴĜħûĞĩĘēīċĒøČīĶĐāţĤþĒĩøÝ ĳāţĐÝ 
øĩĚġđĳĢĜĮĻĤĘĴĐĞĚĩđĎĬĻĘĬùĐĩċĘĩøĳøīĐÝ 	MBSHFÝ PWFSKFU
Ý 
øĩĚġđĳĢĜĮĻĤĘĴĐĞċīĻþĎĬĻĜĭøĳøīĐÝ	EFFQÝPWFSCJUF
ÝĵċęĒøČīĚħęħ
ĢţĩþøĩĚġđĳĢĜĮĻĤĘĴĐĞĚĩđĴĜħĴĐĞċīĻþĘĨøÿħķĘţĳøīĐÝ�ÝĘīĜĜīĳĘČĚÝ
ĴĜħĤĩÿĕđûĞĩĘēīċĒøČīÝĳāţĐÝĳĕċĩĐĒĩøĵûŤþġİþÝ	IJHIÝQBMBUBMÝ
BSDI
ÝĂĭĻþġĨĘĕĨĐďŧøĨđĕĮļĐĎĬĻùĤþāţĤþÿĘİøĎĬĻĴûđĜþÝ	OBSSPXÝOBTBMÝ
DBWJUZ
ÝĳĒūĐČŤĐ62,64ÝĴĜħøĩĚČĚĞÿĒĚħĳĘīĐāţĤþûĤÝĳĐĮļĤĳęĮĻĤĤţĤĐ
ĶĐāţĤþûĤÝķċŤĴøţ

Ý ���Ý øĩĚČĚĞÿùĐĩċùĤþāţĤþûĤČĩĘøĩĚÿŀĩĴĐøùĤþÝ 
.PEJÛFEÝ .BMMBNQBUJÝ DMBTTJÛDBUJPOÝ ĢĚĮĤÝ 'SJFENBOÝ
tongue position65,66ÝĵċęĶĢŤēİŤĒŞĞęĤęİţĶĐĎţĩĐĨĻþÝĶđĢĐŤĩĘĤþČĚþ 
ĤŤĩĒĩøøĞŤĩþÝĴĜħķĘţĴĜđĜīļĐÝĴđţþĚħċĨđùĐĩċùĤþāţĤþûĤĎĬĻġĩĘĩĚč
ĘĤþĳĢĺĐķċŤċŤĞęČĩĤĤøĳĒūĐÝ �Ý ĚħċĨđÝ ûĮĤ ĚħċĨđĎĬĻÝ �Ý 	HSBEFÝ *
Ý 
ûĮĤÝ ġĩĘĩĚčĘĤþĳĢĺĐĜīļĐķøţÝ 	VWVMBS
Ý ĕīĜĜţĩÝ 	QJMMBS
Ý ĴĜħ 
ČţĤĘĎĤĐĂīĜĎĨļþĢĘċÝĚħċĨđĎĬĻÝ�Ý	HSBEFÝ**
ÝûĮĤÝġĩĘĩĚčĳĢĺĐĜīļĐķøţ 
ĴĜħĕīĜĜţĩĎĨļþĢĘċÝ ĴČţĳĢĺĐČţĤĘĎĤĐĂīĜĴûţċŤĩĐđĐÝ ĚħċĨđĎĬĻÝ �Ý
	HSBEFÝ***
ÝûĮĤÝġĩĘĩĚčĳĢĺĐĳĕċĩĐĤţĤĐÝ	TPGUÝQBMBUF
ÝđĩþġţĞĐÝ
ĴČţķĘţĳĢĺĐĜīļĐķøţÝĕīĜĜţĩÝĴĜħČţĤĘĎĤĐĂīĜĴĜħĚħċĨđĎĬĻÝ�Ý	HSBEFÝ*7
Ý 
ûĮĤÝġĩĘĩĚčĳĢĺĐĳĕċĩĐĴùĺþÝ	IBSEÝQBMBUF
ÝĳĎţĩĐĨļĐÝ	ĚİĒĎĬĻÝ�


Ý ���Ý øĩĚČĚĞÿùĐĩċùĤþČţĤĘĎĤĐĂīĜÝĵċęĶāŤøĩĚĴđţþ
ùĤþÝ #SPETLZÝ 	#SPETLZÝ HSBEJOHÝ TDBMF
67Ý ĵċęĶĢŤēİŤĒŞĞęĤęİţ
ĶĐĎţĩĐĨĻþÝ ĶđĢĐŤĩĘĤþČĚþÝĤŤĩĒĩøøĞŤĩþÝĴĜħĴĜđĜīļĐÝĴđţþĚħċĨđ
ùĐĩċùĤþČţĤĘĎĤĐĂīĜĳĒūĐÝ�ÝĚħċĨđÝûĮĤÝĚħċĨđĎĬĻÝ�Ý 	HSBEFÝ�
Ý 
ûĮĤÝ ČĚĞÿķĘţĕđČţĤĘĎĤĐĂīĜĳĜęĶāŤġŀĩĢĚĨđēİŤĎĬĻĳûęķċŤĚĨđøĩĚ
ēţĩČĨċĎĤĐĂīĜĤĤøÝĚħċĨđĎĬĻÝ�Ý	HSBEFÝ*
ÝûĮĤÝČţĤĘĎĤĐĂīĜĤęİţĶĐ 

ĚİĒĎĬĻÝ�Ý Ý ĳøĊĈŧøĩĚĒĚħĳĘīĐùĐĩċùĤþāţĤþûĤČĩĘøĩĚÿŀĩĴĐøùĤþÝ.PEJÛFEÝ.BMMBNQBUJÝDMBTTJÛDBUJPOÝĢĚĮĤÝ'SJFENBOÝUPOHVFÝ
  position65

'JHVSFÝ�Ý 5IFÝDSJUFSJBÝGPSÝFWBMVBUJOHÝUIFÝPSPQIBSZOHFBMÝBDDPSEJOHÝUPÝUIFÝ.PEJÛFEÝ.BMMBNQBUJÝDMBTTJÛDBUJPOÝPSÝ
Friedman tongue position65
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ĴĤţþĎĤĐĂīĜÝ 	UPOTJMMBSÝ GPTTB
Ý ĴĜħĎĨļþĢĘċčİøđĨþĵċęĕīĜĜţĩÝ
ĚħċĨđĎĬĻÝ�Ý 	HSBEFÝ **
ÝûĮĤÝČţĤĘĎĤĐĂīĜĵČęĮĻĐĘĩčĭþĢĚĮĤĳĜęùĤđ
ùĤþĕīĜĜţĩĳĜĺøĐŤĤęÝ ĚħċĨđĎĬĻÝ �Ý 	HSBEFÝ ***
Ý ûĮĤÝ ČţĤĘĎĤĐĂīĜĵČ 
ęĮĻĐĳĜęùĤđùĤþĕīĜĜţĩķĒĘĩøĴČţęĨþķĘţčĭþøĭĻþøĜĩþāţĤþûĤÝ ĴĜħ
ĚħċĨđĎĬĻÝ�Ý 	HSBEFÝ *7
ÝûĮĤÝČţĤĘĎĤĐĂīĜĵČęĮĻĐĳĜęĘĩčĭþøĭĻþøĜĩþ
āţĤþûĤÝ	ĚİĒĎĬĻÝ�
ÝĵċęĎĨĻĞķĒēİŤĒŞĞęĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ
ÿĩøøĩĚĤįċøĨļĐÿħČĚĞÿĕđùĐĩċùĤþāţĤþûĤĚħċĨđÝ �Ý ĴĜħÝ �Ý 
ĎĬĻĳĢĺĐĳĕċĩĐĤţĤĐđĩþġţĞĐÝ ĚĞĘčĭþČĚĞÿČţĤĘĎĤĐĂīĜĘĨøÿħĕđ
ČţĤĘĎĤĐĂīĜĵČĚħċĨđĎĬĻÝ �Ý ĴĜħÝ �Ý ĂĭĻþġţþēĜĶĢŤĳøīċøĩĚĤįċøĨļĐ 
ĎĩþĳċīĐĢĩęĶÿùĊħĐĤĐĢĜĨđķċŤ

��ÝøĩĚČĚĞÿĎĩþėĩĕĚĨþġĬøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþÝ
	MBUFSBMÝDFQIBMPNFUSJDÝFYBNJOBUJPO
 

øĩĚĒĚħĳĘīĐĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝ ċŤĞęėĩĕĚĨþġĬĳĕĮĻĤċİ 
ĜĨøĠĊħĎĩþøĩęĞīėĩûùĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĴđţþĳĒūĐÝ 
�Ý ĚħċĨđ15,68Ý ûĮĤÝ �
Ý ĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđĵĕĚþÿĘİøÝ
	OBTPQIBSZOHFBM
Ý čİøĜŤĤĘĚĤđċŤĞęĕĮļĐùĤþĵĕĚþÿĘİøÝ 	OBTBMÝ
DBWJUZ
Ý ùęĩęķĒÿĐčĭþġţĞĐùĤþĳĕċĩĐĤţĤĐÝ �
Ý ĎĩþĳċīĐĢĩęĶÿ 
ġţĞĐđĐĚħċĨđāţĤþĒĩøÝ	PSPQIBSZOHFBM
ÝĤęİţĚħĢĞţĩþĚĤęČţĤùĤþ
ĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđĵĕĚþÿĘİøĴĜħĎĩþĳċīĐĢĩęĶÿġţĞĐđĐ
ĚħċĨđøĜţĤþĳġĬęþÝ	MBSZOHPQIBSZOHFBMÝPSÝIZQPQIBSZOHFBM
Ý
ČĨļþĴČţĳĕċĩĐĤţĤĐÿĐčĭþĔĩĒŚċøĜţĤþĳġĬęþÝ 	FQJHMPUUJT
Ý ĴĜħ 
�
Ý ĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđøĜţĤþĳġĬęþÝ ĘĬùĤđĳùČĤęİţ 
ĶČŤČţĤĔĩĒŚċøĜţĤþĳġĬęþĳĒŚċġİţøĜţĤþĳġĬęþĴĜħĢĜĤċĤĩĢĩĚ
ĂĭĻ þĤęİţ ĶĐĚħċĨđùĤþøĚħċİøķĥĤĤęċŧÝ ĘĬĚĩęþĩĐøĩĚğĭøĠĩ 

ĚİĒĎĬĻÝ�ÝÝÝÝ ĳøĊĈŧøĩĚĒĚħĳĘīĐùĐĩċČţĤĘĎĤĐĂīĜÝĵċęÝ#SPETLZ67

'JHVSFÝ�Ý The criteria for evaluating the size of tonsil according to the Brodsky grading scale67

ùĤþÝ,BVSÝĴĜħûĊħ69ÝĶĐĒśÝĕ�ğ�Ý����
Ý#BUUBHFMÝĴĜħûĊħ70  
ĶĐĒśÝ ĕ�ğ�Ý ����Ý ĕđĞţĩēİŤĒŞĞęĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ 
ÿĩøøĩĚĤįċøĨļĐĘĬĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđĵĕĚþÿĘİøÝ ĚħċĨđ 
āţĤþĒĩøĴĜħĚħċĨđøĜţĤþĳġĬęþĜċĜþĎĨļþÝ �Ý ĚħċĨđÝ ĴĜħāţĤþ 
ĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđāţĤþĒĩøĘĬøĩĚĜċĜþĘĩøĎĬĻġįċ 
ĤęţĩþĘĬĐĨęġŀĩûĨĄÝĂĭĻþøĩĚĳĒĜĬĻęĐĴĒĜþĜĨøĠĊħùĤþĎĩþĳċīĐĢĩęĶÿ 
ġţĞĐđĐĴĜħøĩĚĳĒĜĬĻęĐĴĒĜþùĤþøĚħċİøùĩøĚĚķøĚĴĜħĶđĢĐŤĩĎĬĻ
ĘĬēĜČţĤĎĩþĳċīĐĢĩęĶÿġţĞĐđĐġĩĘĩĚčĞīĳûĚĩħĢŧķċŤÿĩøėĩĕĚĨþġĬ
øħĵĢĜøğĬĚĠħċŤĩĐùŤĩþÝĂĭĻþøŀĩĢĐċÿįċĤŤĩþĤīþČţĩþÝĹÝĶĐøĩĚĞĨċ71,72 

ċĨþĐĬļÝ	ČĩĚĩþĎĬĻÝ�ÝĴĜħĚİĒĎĬĻÝ�
Ý�

��ÝøĩĚûĨċøĚĤþûĞĩĘĳġĬĻęþėĩĞħĢęįċĢĩęĶÿùĊħ

ĢĜĨđÿĩøøĩĚĤįċøĨļĐĵċęĶāŤĴđđġĤđčĩĘÝ 	TDSFFOJOHÝ
RVFTUJPOOBJSFT


ĐĤøÿĩøøĩĚČĚĞÿĚţĩþøĩęĴĜħøĩĚČĚĞÿāţĤþĒĩøĴĜŤĞÝ 
ęĨþġĩĘĩĚčĒĚħĳĘīĐēİŤĒŞĞęĎĬĻĘĬûĞĩĘĳġĬĻęþČţĤøĩĚĳøīċėĩĞħ 
ĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĳđĮļĤþČŤĐÿĩøĴđđġĤđčĩĘÝ
ĂĭĻþĒũÿÿįđĨĐĴđđġĤđčĩĘĎĬĻķċŤĐŀĩĘĩĶāŤûĨċøĚĤþÝûĮĤÝ

Ý ���Ý ĴđđġĤđčĩĘĳđĤĚŧĜīĐÝ	#FSMJOÝRVFTUJPOOBJSF
Ý
ĒĚħøĤđċŤĞęûŀĩčĩĘÝ��ÝùŤĤÝĴđţþĳĒūĐÝ�ÝøĜįţĘÝķċŤĴøţÝûŀĩčĩĘĳøĬĻęĞ
øĨđøĩĚøĚĐĚĞĘčĭþøĩĚĢęįċĢĩęĶÿùĊħĢĜĨđÝ	�ÝûŀĩčĩĘ
ÝûŀĩčĩĘ
ĳøĬĻęĞøĨđûĞĩĘþţĞþĢĚĮĤĤţĤĐĳĕĜĬęĳĞĜĩøĜĩþĞĨĐÝ 	�ÝûŀĩčĩĘ
ÝĴĜħ
ûŀĩčĩĘĳøĬĻęĞøĨđøĩĚĳĒūĐĵĚûûĞĩĘċĨĐĵĜĢīČġİþÝ	�ÝûŀĩčĩĘ
ÝġţĞĐĤĬø 
�ÝûŀĩčĩĘĎĬĻĳøĬĻęĞøĨđøĩĚĳĒĜĬĻęĐĴĒĜþùĤþĐŀļĩĢĐĨøČĨĞķĘţķċŤĚĞĘĤęİţ 
ĶĐøĜįţĘġŀĩĢĚĨđøĩĚĐĨđûħĴĐĐÝ ĎĨļþĐĬļĢĩøēİŤĒŞĞęķċŤûħĴĐĐÿĩø 
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+Ă6O�T*OV* ;VDTC

ûĞĩĘøĞŤĩþùĤþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝ	ĘīĜĜīĳĘČĚ
ÝĵċęĘĬøĩĚĞĨċĚħęħĎĩþĚħĢĞţĩþġĤþÿįċÝċĨþĐĬļ

��ÝĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđĵĕĚþÿĘİøÝ	OBTPQIBSZOY
Ý1N�6QBX


Pm 1UFSZHPNBYJMMBSZÝûĮĤÝÿįċČĨċĚħĢĞţĩþÝ1UFSZHP�NBYJMMBÝøĨđÝ1PTUFSJPSÝOBTBMÝTQJOF

Upaw 6QQFSÝQIBSZOHFBMÝXBMMÝûĮĤÝÿįċČĨċùĤþĳġŤĐČĨļþĀĩøÿĩøÝQPTUFSJPSÝOBTBMÝTQJOFÝøĨđÝQPTUFSJPSÝ

QIBSZOHFBMÝXBMMÝ	1IX


��ÝĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđāţĤþĒĩøÝ	PSPQIBSZOY
Ý6�.QBX


U 6WVMBÝûĮĤÝÿįċÝĒĜĩęġįċùĤþĳĕċĩĐĤţĤĐÝ	5IFÝUJQÝPGÝUIFÝVWVMB


Mpaw .JEEMFÝQIBSZOHFBMÝXBMMÝûĮĤÝÿįċČĨċùĤþĳġŤĐČĨļþĀĩøÿĩøÝVWVMBÝøĨđÝQPTUFSJPSÝQIBSZOHFBMÝXBMMÝ

	1IX


��ÝĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđøĜţĤþĳġĬęþÝ	IZQPQIBSZOY
Ý7�-QBX


7 7BMMFDVMBÝûĮĤÝÿįċĳāĮĻĤĘøĨĐùĤþĔĩĒŚċøĜţĤþĳġĬęþĴĜħĵûĐĜīļĐ

Lpaw -PXFSÝQIBSZOHFBMÝXBMMÝûĮĤÝÿįċČĨċùĤþĳġŤĐČĨļþĀĩøÿĩøÝWBMMFDVMBÝøĨđÝQPTUFSJPSÝQIBSZOHFBMÝXBMMÝ

	1IX


ĕĮļĐĎĬĻùĤþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝ	ČĩĚĩþĘīĜĜīĳĘČĚ
Ý

ĕĮļĐĎĬĻĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđ 

ĵĕĚþÿĘİøÝ	OBTPQIBSZOHFBMÝBJSXBZÝ

space)

ûĮĤÝĕĮļĐĎĬĻĎĬĻĤęİţĶĐĳġŤĐĎĬĻĜĩøÿĩøÝ43
Ý1N
Ý6QBXÝĴĜħÝ1IXÝĵċęĎĬĻÝ43ÝûĮĤÝTQIFOPJEBMÝSPTUSVN

ĕĮļĐĎĬĻĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđ 

āţĤþĒĩøÝ	PSPQIBSZOHFBMÝBJSXBZÝ

space)

ûĮĤÝĕĮļĐĎĬĻĎĬĻĤęİţĶĐĳġŤĐĎĬĻĜĩøÿĩøÿįċĜţĩþġįċùĤþÝOBTPQIBSZOHFBMÝBJSXBZ
ÝĕĮļĐēīĞċŤĩĐĢĜĨþùĤþĜīļĐĴĜħ

ĳĕċĩĐĤţĤĐÝ	QPTUFSJPSÝTVSGBDFÝPGÝUPOHVFÝBOEÝTPGUÝQBMBUF

Ý&UÝ	UJQÝPGÝFQJHMPUUJT
ÝĴĜħÝ1IX

ĕĮļĐĎĬĻĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđ 

øĜţĤþĳġĬęþÝ	IZQPQIBSZOHFBMÝBJSXBZÝ

space)

ûĮĤÝĕĮļĐĎĬĻĎĬĻĤęİţĶĐĳġŤĐĎĬĻĜĩøÿĩøÿįċĜţĩþġįċùĤþÝPSPQIBSZOHFBMÝBJSXBZ
ÝĕĮļĐēīĞċŤĩĐĢĜĨþùĤþĔĩĒŚċ

øĜţĤþĳġĬęþÝ	QPTUFSJPSÝTVSGBDFÝPGÝFQJHMPUUJT

7ÝĴĜħÝ1IX

ČŀĩĴĢĐţþøĚħċİøķĥĤĤęċŧ

Go-H )ÝûĮĤÝÿįċđĐġįċĴĜħĢĐŤĩġįċùĤþøĚħċİøķĥĤĤęċŧ

(PÝ	(POJPO
ÝûĮĤÝÿįċĎĬĻĤęİţČŀĻĩġįċĴĜħĢĜĨþġįċùĤþÝBOHMFÝPGÝNBOEJCMF

Go-Gn-Ho ĘįĘĚħĢĞţĩþÝ(POJPO
Ý(OBUIJPOÝĴĜħÝ)ZPJEÝĵċęĎĬĻÝ(OBUIJPOÝ	(O
ÝûĮĤÝÿįċĢĐŤĩġįċĴĜħČŀĻĩġįċùĤþÝ

mandibular symphysis

Go-Me-Ho ĘįĘĚħĢĞţĩþÝ(POJPO
Ý.FOUPOÝĴĜħÝ)ZPJEÝĵċęĎĬĻÝ.FOUPOÝ	.F
ÝûĮĤÝÿįċĎĬĻĤęİţČŀĻĩġįċùĤþÝ

mandibular symphysis

N-S-Ho ĘįĘĚħĢĞţĩþÝ/BTJPOÝ
Ý4FMMBÝUVSDJDBÝĴĜħÝ)ZPJEÝĵċęĎĬĻÝ/BTJPOÝ	/
ÝûĮĤÝÿįċøĭĻþøĜĩþùĤþÝGSPOUPOBTBMÝ

suture

MP-H ĚħęħĎĩþĚħĢĞţĩþÝNBOEJCVMBSÝQMBOFÝøĨđÝ)ZPJEÝĵċęĎĬĻÝNBOEJCVMBSÝQMBOFÝ	.1
ÝûĮĤÝĳġŤĐĎĬĻĳāĮĻĤĘ

øĨĐùĤþÝ(POJPOÝĴĜħÝ(OBUIJPO

ûĞĩĘęĩĞùĤþĳĕċĩĐĤţĤĐÝ	ĘīĜĜīĳĘČĚ
Ý

PNS-U ĚħęħĎĩþĚħĢĞţĩþÝQPTUFSJPSÝOBTBMÝTQJOFÝ	1/4
ÝčĭþÝ6

ČĩĚĩþĎĬĻÝ�ÝÝÝÿįċĤŤĩþĤīþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝøĚħċİøķĥĤĤęċŧĴĜħĳĕċĩĐĤţĤĐ
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Ïâãâïâëàâ�íìæëñð Áâãæëæñæìë

8JEUIÝPGÝUIFÝVQQFSÝBJSXBZÝTQBDFÝ	NN
ÝCZÝNFBTVSJOHÝUIFÝEJTUBODFÝCFUXFFOÝUXPÝQPJOUTÝBTÝGPMMPXT

��Ý/BTPQIBSZOYÝ	1N�6QBX


Pm Pterygomaxillary is the intersection point between pterygo-maxilla and posterior 
nasal spine

Upaw Upper pharyngeal wall is the intersection of the perpendicular line from the 
QPTUFSJPSÝOBTBMÝTQJOFÝBOEÝUIFÝQPTUFSJPSÝQIBSZOHFBMÝXBMMÝ	1IX


��Ý0SPQIBSZOYÝ	6�.QBX


U Uvula is the tip of the soft palate

Mpaw Middle pharyngeal wall is the intersection of the perpendicular line from the 
VWVMBÝUPÝUIFÝQPTUFSJPSÝQIBSZOHFBMÝXBMMÝ	1IX


��Ý)ZQPQIBSZOYÝ	7�-QBX


7 7BMMFDVMBÝJTÝUIFÝKPJOJOHÝQPJOUÝPGÝUIFÝFQJHMPUUJTÝBOEÝUIFÝCBTFÝPGÝUIFÝUPOHVF

Lpaw Lower pharyngeal wall is the intersection of the perpendicular line from the 
WBMMFDVMBÝBOEÝUIFÝQPTUFSJPSÝQIBSZOHFBMÝXBMMÝ	1IX
Ý

"SFBÝPGÝÝÝUIFÝVQQFSÝBJSXBZÝTQBDFÝ	NN2


Nasopharyngeal airway space 5IFÝBSFBÝDPOUBJOFEÝJOÝUIFÝMJOFTÝESBXOÝGSPNÝ43
Ý1N
Ý6QBX
ÝBOEÝ1IX
ÝXIFSFÝ43Ý
is the sphenoidal rostrum

Oropharyngeal airway space The area contained in the line drawn from the bottom point of nasopharyngeal 
BJSXBZ
ÝQPTUFSJPSÝTVSGBDFÝPGÝUPOHVFÝBOEÝTPGUÝQBMBUF
Ý&UÝ	UJQÝPGÝFQJHMPUUJT
ÝBOEÝ1IX

Hypopharyngeal airway space The area contained in the line drawn from the bottom point of oropharyngeal 
BJSXBZ
ÝQPTUFSJPSÝTVSGBDFÝPGÝFQJHMPUUJT
Ý7ÝBOEÝ1IX

)ZPJEÝCPOFÝQPTJUJPO

Go-H H is the top and anterior point of the hyoid bone
(PÝ	(POJPO
ÝJTÝUIFÝMPXFTUÝBOEÝGVSUIFTUÝQPJOUÝPGÝUIFÝBOHMFÝPGÝNBOEJCMF

Go-Gn-Ho "OHMFÝCFUXFFOÝ(POJPO
Ý(OBUIJPOÝBOEÝ)ZPJE�Ý(OBUIJPOÝ	(O
ÝJTÝUIFÝBOUFSJPSÝBOEÝ
lowest point of the mandibular symphysis

Go-Me-Ho "OHMFÝCFUXFFOÝ(POJPO
Ý.FOUPOÝBOEÝ)ZPJE�Ý.FOUPOÝ	.F
ÝJTÝUIFÝMPXFTUÝQPJOUÝPGÝ
the mandibular symphysis

N-S-Ho "OHMFÝCFUXFFOÝ/BTJPO
Ý4FMMBÝUVSDJDBÝBOEÝ)ZPJE�Ý/BTJPOÝ	/
ÝJTÝUIFÝNJEQPJOUÝPGÝ
the frontonasal suture

MP-H The distance between the mandibular plane and the hyoid; the mandibular 
QMBOFÝ	.1
ÝJTÝUIFÝMJOFÝKPJOJOHÝUIFÝ(POJPOÝBOEÝ(OBUIJPO

-FOHUIÝPGÝUIFÝTPGUÝQBMBUFÝ	NN
Ý

PNS-U 5IFÝEJTUBODFÝCFUXFFOÝUIFÝQPTUFSJPSÝOBTBMÝTQJOFÝ	1/4
ÝBOEÝ6

Table 3   The reference points of upper airway, hyoid bone and soft palate 

Wanchaloem Theprungs i r iku l and Pipop Sut th iprapaporn  ²­ �Ñ å Þ æ � Ç � Ì ï ñ å ì á � Ó ì é « ® ± � Ë ì « ® � ¯ ­ ¯ ±



ĚİĒĎĬĻÝ�ÝÝ ÿįċĤŤĩþĤīþČţĩþÝĹÝĶĐøĩĚĢĩĕĮļĐĎĬĻùĤþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐ72 

Figure 4  The reference point for determining the area of the upper airway space72 

ĚİĒĎĬĻÝ�ÝÝ ÿįċĤŤĩþĤīþČţĩþÝĹÝĵċęĞīĳûĚĩħĢŧÿĩøėĩĕĚĨþġĬøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþ71

Figure 3 The reference points analyzed from lateral cephalogram71

øĩĚČĤđûŀĩčĩĘĎĬĻĳùŤĩĳøĊĈŧÝ 	ēĜđĞø
Ý ČĨļþĴČţġĤþøĜįţĘûŀĩčĩĘ
ùĭļĐķĒčĮĤĞţĩĘĬûĞĩĘĳġĬĻęþġİþĎĬĻÿħĳĒūĐėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ
ÿĩøøĩĚĤįċøĨļĐÝ ĴČţĢĩøēĜđĞøĐŤĤęøĞţĩġĤþøĜįţĘčĮĤĞţĩĘĬûĞĩĘ
ĳġĬĻęþČŀĻĩ73,74Ý ÿĩøøĩĚğĭøĠĩùĤþÝ $IJVÝ ĴĜħûĊħ75Ý ĕ�ğ�Ý ���� 
ķċŤĎŀĩøĩĚĳĒĚĬęđĳĎĬęđĴđđġĤđčĩĘĳđĤĚŧĜīĐøĨđēĜøĩĚĎċġĤđ
øĩĚĐĤĐĢĜĨđÝĕđĞţĩÝĘĬûĞĩĘķĞĚŤĤęĜħÝ��ÝĴĜħĘĬûĞĩĘÿŀĩĳĕĩħĳĕĬęþ 
ĚŤĤęĜħÝ ��Ý ĂĭĻþĎŀĩĶĢŤķĘţġĩĘĩĚčĐŀĩĴđđġĤđčĩĘĐĬļĘĩĎċĴĎĐ
øĩĚČĚĞÿøĩĚĐĤĐĢĜĨđĳĕĮĻĤĞīĐīÿĀĨęėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ
ÿĩøøĩĚĤįċøĨļĐķċŤ

Ý ���Ý ĴđđġĤđčĩĘĚħċĨđûĞĩĘþţĞþĐĤĐĳĤĺđĳĞīĚŧďÝ
	&QXPSUIÝTMFFQJOFTTÝTDBMF
ÝĶāŤĳĕĮĻĤĒĚħĳĘīĐûĞĩĘĚįĐĴĚþùĤþ
ĤĩøĩĚþţĞþĐĤĐĘĩøēīċĒøČīĶĐĳĞĜĩøĜĩþĞĨĐÝ ĂĭĻþĴġċþčĭþĵĤøĩġ 
ĶĐøĩĚĢĜĨđĶĐġčĩĐøĩĚĊŧČţĩþÝĹÝ ĵċęĘĬāţĞþûħĴĐĐČĨļþĴČţÝ �Ý čĭþÝ
��Ý ûħĴĐĐ76,77Ý ĵċęĎĨĻĞķĒčŤĩûħĴĐĐĚĞĘĘĩøøĞţĩÝ ��Ý čĮĤĞţĩ 
ĘĬûĞĩĘþţĞþĘĩøēīċĒøČīĶĐĳĞĜĩøĜĩþĞĨĐÝ ĂĭĻþĴđđġĤđčĩĘĚħċĨđ
ûĞĩĘþţĞþĐĤĐĐĬļĘĬûĞĩĘķĞĚŤĤęĜħÝ��ÝĴĜħĘĬûĞĩĘÿŀĩĳĕĩħĚŤĤęĜħ 
6575ÝĳĐĮĻĤþÿĩøûĐĎĬĻĘĬĤĩøĩĚþţĞþĐĤĐĘĩøēīċĒøČīĶĐĳĞĜĩøĜĩþĞĨĐ 
ĤĩÿĳøīċÿĩøġĩĳĢČįČţĩþÝĹÝ ĳāţĐÝ øĩĚĤċĐĤĐÝ øĩĚĶāŤęĩÝ ĢĚĮĤÝ 
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ėĩĞħĐĤĐķĘţĢĜĨđÝ ĳĒūĐČŤĐÝ ċĨþĐĨļĐĴđđġĤđčĩĘĐĬļÿĭþĶāŤĒĚħĳĘīĐ
ĚħċĨđûĞĩĘþţĞþùĤþēİŤĒŞĞęøţĤĐĴĜħĢĜĨþĚĨøĠĩĵĚûÝ ĘĩøøĞţĩøĩĚ 
ĐŀĩĘĩĶāŤĞīĐīÿĀĨęėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ

Ý ���Ý ĴđđġĤđčĩĘĒĚħĳĘīĐėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ 
	4501Ý�Ý#BOHÝRVFTUJPOOBJSF
ÝĶāŤĳĕĮĻĤĒĚħĳĘīĐûĞĩĘĳġĬĻęþùĤþ
øĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ĵċęĘĬûĞĩĘ 
ķĞġİþĒĚħĘĩĊĚŤĤęĜħÝ��ÝčĭþÝ��ÝĴČţĘĬûĞĩĘÿŀĩĳĕĩħČŀĻĩĒĚħĘĩĊ
ĚŤĤęĜħÝ ��Ý čĭþÝ ��75Ý ċĨþĐĨļĐÝ ĴđđġĤđčĩĘĐĬļÿĭþĘĬĒĚħĵęāĐŧĶĐ 
øĩĚĞīĐīÿĀĨęėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĚħċĨđ
ĚįĐĴĚþĘĩøĳĘĮĻĤĐŀĩķĒĶāŤûĨċøĚĤþĶĐøĜįţĘĒĚħāĩøĚĎĨĻĞķĒÝ ĴČţĢĩø 
ĐŀĩĴđđġĤđčĩĘĐĬļķĒĶāŤûĨċøĚĤþĶĐøĜįţĘĒĚħāĩøĚĎĬĻĘĬûĞĩĘĳġĬĻęþġİþ 
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ĂĭĻþÿħāţĞęĜċĵĤøĩġøĩĚČĬđĴûđùĤþĎĩþĳċīĐĢĩęĶÿĴĜħāţĞęĶĢŤ
ûįĊėĩĕāĬĞīČùĤþēİŤĒŞĞęċĬùĭļĐÝĚĞĘčĭþĜċėĩĞħĴĎĚøĂŤĤĐÿĩøėĩĞħ
ĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ĵċęøĩĚēţĩČĨċĶāŤĳĒūĐøĩĚ
ĚĨøĠĩĳĕĮĻĤĶĢŤĢĩęùĩċĢĚĮĤĳĒūĐøĩĚĚĨøĠĩĎĩþĳĜĮĤøĶĐøĚĊĬēİŤĒŞĞę
ķĘţĶĢŤûĞĩĘĚţĞĘĘĮĤĢĚĮĤĚĨøĠĩĴđđĤĐįĚĨøĠŧķĘţĒĚħġđûĞĩĘġŀĩĳĚĺÿ97  
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ĢĜĨđÿĩøøĩĚĤįċøĨļĐĘĬĢĜĨøÝĹÝķċŤĴøţÝ

Ý ���Ý øĩĚĳÿĩħĢĜĤċĜĘûĤÝ	USBDIFPTUPNZ
ÝĳĒūĐøĩĚ
ēţĩČĨċĳĕĮĻĤĳĒŚċĢĜĤċĜĘûĤĶĢŤČīċČţĤøĨđėĩęĐĤøĚţĩþøĩęÝ ĵċę 
ĳĜĬĻęþÝ 	CZQBTT
ÝĎĩþĳċīĐĢĩęĶÿķĘţĶĢŤēţĩĐāţĞþĚħđđĎĩþĳċīĐĢĩęĶÿ
ġţĞĐđĐĎĬĻĘĬøĩĚĤįċøĨļĐÝĘĬûĞĩĘÿŀĩĳĒūĐĶĐēİŤĒŞĞęĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿ
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐùĨļĐĚįĐĴĚþÝ ÿĐčĭþùĨļĐĤĩÿĳĒūĐĤĨĐČĚĩę 
ČţĤāĬĞīČÝĎĬĻĶāŤøĩĚĚĨøĠĩĤĮĻĐÝĹÝķĘţķċŤēĜ98

Ý ���Ý øĩĚēţĩČĨċČøĴČţþøĜŤĩĘĳĐĮļĤĴĜħĳĐĮļĤĳęĮĻĤĤţĤĐ
đĚīĳĞĊĳĕċĩĐĤţĤĐÝ ĜīļĐķøţÝ ēĐĨþûĤĢĤęĶĢŤČĭþĴĜħøĚħāĨđùĭļĐÝ
	VWVMPQBMBUPQIBSZOHPQMBTUZ�Ý6111
ÝĳĒūĐøĩĚēţĩČĨċĎĬĻĐīęĘ
ĎŀĩĶĐøĩĚĚĨøĠĩėĩĞħĢęįċĢĩęĶÿùĊħĐĤĐĢĜĨđÝ ĵċęĳĒūĐøĩĚ
ēţĩČĨċĎĬĻĳĤĩČţĤĘĎĤĐĂīĜÝĜīļĐķøţÝĴĜħĳĐĮļĤĳęĮĻĤĎĬĻĢęţĤĐęĩĐÝđĚīĳĞĊ

ēĐĨþûĤĢĤęĤĤøÝ ĴĜħĎŀĩĶĢŤĳĕċĩĐĤţĤĐġĨļĐĜþÝ ĘĨøĶāŤĶĐøĚĊĬĎĬĻ 
ĕđĞţĩČŀĩĴĢĐţþĤįċøĨļĐùĤþĎĩþĳċīĐĢĩęĶÿĤęİţĚħċĨđĢĜĨþĳĕċĩĐĤţĤĐÝ
ĢĚĮĤđĚīĳĞĊûĤĢĤęġţĞĐĒĩøÝĵċęĳĀĕĩħĶĐēİŤĒŞĞęĎĬĻķĘţġĩĘĩĚčĶāŤ
ĳûĚĮĻĤþĤĨċĤĩøĩğĴĚþċĨĐđĞøāĐīċČţĤĳĐĮĻĤþķċŤ99

Ý ���Ý øĩĚēţĩČĨċĳĜĮĻĤĐøĚħċİøùĩøĚĚķøĚđĐĴĜħĜţĩþĘĩ
ĎĩþċŤĩĐĢĐŤĩÝ 	NBYJMMPNBOEJCVMBSÝ BEWBODFNFOU�Ý.."
Ý 
ĘĬĢĜĨøøĩĚĚĨøĠĩûĮĤÝøĩĚČĨċøĚħċİøùĩøĚĚķøĚđĐĴĜħùĩøĚĚķøĚĜţĩþ 
ĴĜŤĞĳûĜĮĻĤĐęŤĩęČŀĩĴĢĐţþùĤþĎĨļþġĤþùĩøĚĚķøĚĘĩċŤĩĐĢĐŤĩÝ ĳĕĮĻĤ
ĎŀĩĶĢŤāţĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐđĚīĳĞĊûĤĢĤęÝ 	PSPQIBSZOY
Ý
ùęĩęČĨĞĶĐĴĐĞĢĐŤĩĢĜĨþĳĕīĻĘùĭļĐÝ ĶĐĒũÿÿįđĨĐķċŤĘĬøĩĚĴĐħĐŀĩĶĢŤ
ĳĒūĐĞīďĬøĩĚĚĨøĠĩĶĐēİŤĒŞĞęĚħċĨđûĞĩĘĚįĐĴĚþČĨļþĴČţĒĩĐøĜĩþ 
ùĭļĐķĒÝ 	")*Ý ���Ý ûĚĨļþ�āĨĻĞĵĘþ
Ý ĂĭĻþĘĬĤĩøĩĚĎĩþûĜīĐīøĤęţĩþĘĬ 
ĐĨęġŀĩûĨĄĴĜħķĘţġĩĘĩĚčĶĢŤûĞĩĘĚţĞĘĘĮĤĢĚĮĤĒĚħġđûĞĩĘ 
ĜŤĘĳĢĜĞÿĩøøĩĚĚĨøĠĩċŤĞęĴđđĤĐįĚĨøĠŧĤĮĻĐ Ĺ97 
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ğĬĚĠħĴĜħĶđĢĐŤĩøĨđėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ 
ûĮĤÝ øĩĚĳÿĚīĄĳČīđĵČĎĬĻ ķĘţġĘđİĚĊŧùĤþùĩøĚĚķøĚđĐĢĚĮĤ 
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ĚĨþġĬøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþĶĐēİŤĒŞĞęĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿùĊħ
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ČŀĻĩĜþÝ ĂĭĻ þġĨĘĕĨĐďŧøĨđĜĨøĠĊħøĩęĞīėĩûĎĬĻĘĬøĩĚĳûĜĮĻĤĐķĒ 
ċŤĩĐĢĐŤĩùĤþēĐĨþûĤĢĤęċŤĩĐĢĜĨþġţþēĜĶĢŤĎĩþĳċīĐĢĩęĶÿġţĞĐđĐ 
ĴûđĜþÝ	ČĩĚĩþĎĬĻÝ�
ÝĴĜħĐĤøÿĩøĐĬļęĨþĘĬøĩĚğĭøĠĩûĞĩĘĴČøČţĩþ 
ùĤþĵûĚþġĚŤĩþĶđĢĐŤĩĴĜħùĩøĚĚķøĚČţĩþĳāĮļĤāĩČīøĨđøĩĚĳøīċ 
ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝĕđĞţĩēİŤĒŞĞęāĩĞĳĤĳāĬę
ÿħĘĬûĞĩĘęĩĞćĩĐøħĵĢĜøğĬĚĠħġĨļĐøĞţĩÝ ČŀĩĴĢĐţþùĩøĚĚķøĚ
đĐĴĜħĜţĩþęĮĻĐĘĩøøĞţĩÝ ĘįĘĚħĢĞţĩþøĚħċİøķĎĚĤęċŧĴĜħûĩþ
ĘĩøøĞţĩÝĚħęħĎĩþĚħĢĞţĩþøĚħċİøķĎĚĤęċŧĴĜħûĩþęĩĞøĞţĩÝĴĜħ
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	ČĩĚĩþĎĬĻÝ�


$TE_=GWgD;`=G*-�O*I�T*9T*_6V;MTDb+L�I;<;��
+T$$TE8O;A�;_@YgO$TEES$KT9T*9S;7$EEC+S6A�;

ĖũĐĢĐŤĩđĐ�ĜţĩþęĮĻĐÝ	CJNaxillary dental protrusion) 
ĳĒūĐĜĨøĠĊħùĤþøĩĚġđĖũĐĎĬĻĘĬøĩĚęĮĻĐùĤþĖũĐĢĐŤĩđĐĴĜħĜţĩþ
ĳĘĮĻĤĳĒĚĬęđĳĎĬęđøĨđøĚħċİøĚĤþĚĨđÝ ĴČţĘĬûĞĩĘġĨĘĕĨĐďŧĎĬĻđĚīĳĞĊ
ĖũĐøĚĩĘÝ 	NPMBSÝ SFMBUJPOTIJQ
Ý øĩĚġđĳĢĜĮĻĤĘĴĐĞĚĩđĴĜħ

I � 9S ; 7 � +S 6A � ; � c 9 D �  = � 9Wg  14  , « ® � ¯ ² ³´   ²°�/9! D�-<)� D�&+9�0<+<	@-�E-8�(<(&�2@� <#+8(:(+�č



$TEJX$KT�

¥=��@«J«¦
=ER-T$E

+lT;I;��

¥';¦

GS$K5RBT@ES*LW

CZC`GR'ITCDTI

2T;$RaMG$JWEKR

CZC`GR'ITCDTI

%O*%T$EEc$E<;

CZC`GR'ITCDTI

%O*%T$EEc$EG�T*

'ITCDTIb<M;�T

L�I;G�T*

7lT`M;�*

$ER6[$�

cPOOD6�

9T*_6V;MTDb+�

L�I;<;

Neelapu  

ĴĜħûĊħ72

	����


ĤīĐĳċĬę 25 ĜċĜþ ĜċĜþ ĜċĜþ ĳĕīĻĘùĭļĐ ČŀĻĩĜþ ĴûđĜþĎĨļþĢĘċ 

ĵċęĳĀĕĩħĎĩþ

ĳċīĐĢĩęĶÿġţĞĐđĐ

ĚħċĨđāţĤþĒĩø

Banhiran  

ĴĜħûĊħ101 

	����


ķĎę 141 ĜċĜþ ĜċĜþ ĜċĜþ ĳĕīĻĘùĭļĐ ČŀĻĩĜþ ĴûđĜþĎĨļþĢĘċ 

ĵċęĳĀĕĩħĎĩþ

ĳċīĐĢĩęĶÿġţĞĐđĐ

ĚħċĨđāţĤþĒĩø
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Neelapu 

et al72 

	����


*OEJB 25 Decrease Decrease Decrease *ODSFBTF Downward 3FEVDF
Ý

especially the 

oropharyngeal 

airway

Banhiran 

et al101 

	����


Thailand 141 Decrease Decrease Decrease *ODSFBTF Downward 3FEVDF
Ý

especially the 

oropharyngeal 

airway

Table 4  3BEJPHSBQIJDÝDSBOJPGBDJBMÝGFBUVSFTÝJOÝQBUJFOUTÝXJUIÝPCTUSVDUJWFÝTMFFQÝBQOFB

øĩĚġđĳĢĜĮĻĤĘĴĐĞċīĻþĎĬĻĳĒūĐĒøČīÝ ĂĭĻþġţþēĜĶĢŤĘĬĚīĘĔśĒĩøĤİĘĴĜħ
ĜĨøĠĊħĶđĢĐŤĩġţĞĐĜţĩþęĮĻĐÝ ĂĭĻþĎĨĐČĴĕĎęŧÿĨċĖũĐČŤĤþĞĩþĴēĐ
øĩĚÿĨċĖũĐĚţĞĘøĨđĞīďĬøĩĚčĤĐĖũĐøĚĩĘĐŤĤęĳĕĮĻĤġĚŤĩþĕĮļĐĎĬĻ 
ĶĐġţĞĐĵûŤþĴĐĞĖũĐČĩĘċŤĞęøĩĚčĤęĖũĐĢĐŤĩÝ ĳĕĮĻĤĴøŤķùĖũĐĴĜħ
ĚīĘĔśĒĩøĎĬĻęĮĻĐÝ ĂĭĻþøĩĚčĤęĖũĐĢĐŤĩķĒċŤĩĐĢĜĨþĤĩÿġţþēĜĶĢŤ 
ĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĜċĜþķċŤÝ ĳĐĮĻĤþÿĩøøĚħċİøĵûĐĜīļĐčİøċĨĐ 
čĤęķĒċŤĩĐĢĜĨþĴĜħČŀĻĩĜþÝ ĐĤøÿĩøĐĬļĜīļĐęĨþčİøċĨĐķĒĎĩþ 
ċŤĩĐĢĜĨþĘĩøùĭļĐÝ ĎŀĩĶĢŤĳĕċĩĐĤţĤĐčĤęøĜĨđķĒċŤĩĐĢĜĨþĤĬø 
ĳāţĐøĨĐÝ ĴĜħĤĩÿġţþēĜĶĢŤĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩø 

øĩĚĤįċøĨļĐùĭļĐķċŤÝĵċęĘĬĢĜĩęøĩĚğĭøĠĩĳøĬĻęĞøĨđøĩĚĳĒĜĬĻęĐĴĒĜþ
āţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐėĩęĢĜĨþøĩĚčĤĐĖũĐĚţĞĘøĨđ 
øĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐĶĢŤēĜĜĨĕďŧĎĬĻĴČøČţĩþøĨĐĴĜħ 
ęĨþĳĒūĐùŤĤčøĳčĬęþÝ 	DPOUSPWFSTZ
Ý ĂĭĻþĘĬđĩþøĩĚğĭøĠĩ18-21  
ĕđĞţĩøĩĚčĤĐĖũĐøĚĩĘĐŤĤęĳĕĮĻĤĴøŤķùøĩĚġđĖũĐēīċĒøČī
ĒĚħ ĳėĎÝ � Ý ĎĬĻ ĘĬ øĩĚęĮĻ ĐùĤþĖũĐĢĐŤ ĩđĐĴĜħĜţ ĩ þĎŀ ĩ ĶĢŤ  
ĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĜċĜþĵċęĳĀĕĩħĎĩþĳċīĐĢĩęĶÿġţĞĐđĐ 
ĚħċĨđāţĤþĒĩøĎĬĻĘĬøĩĚĜċĜþĤęţĩþĘĬĐĨęġŀĩûĨĄÝ ĶĐùĊħĎĬĻ 
đĩþøĩĚğĭøĠĩ22-25  ĕđĞţĩøĩĚÿĨċĖũĐĚţĞĘøĨđøĩĚčĤĐĖũĐøĚĩĘĐŤĤę
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ĳĤĳāĬę ûĞĩĘęĩĞćĩĐ

øħĵĢĜøğĬĚĠħ

ġĨļĐøĞţĩ

ČŀĩĴĢĐţþùĩ

øĚĚķøĚđĐ 

ęĮĻĐĘĩøøĞţĩ

ČŀĩĴĢĐţþ 

ùĩøĚĚķøĚĜţĩþ

ęĮĻĐĘĩøøĞţĩ

ġİþøĞţĩ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ

ęįĵĚĒ ûĞĩĘęĩĞćĩĐ

øħĵĢĜøğĬĚĠħ

ęĩĞøĞţĩ

ČŀĩĴĢĐţþùĩ

øĚĚķøĚđĐ 

ęĮĻĐĐŤĤęøĞţĩ

ČŀĩĴĢĐţþ 

ùĩøĚĚķøĚĜţĩþ

ęĮĻĐĐŤĤęøĞţĩ

ČŀĻĩøĞţĩ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ
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ÿĬĐ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ �ÝĘįĘĚħĢĞţĩþøĚħċİø 

Ý ķĎĚĤęċŧĴĜħûĩþÝ

Ý ĘĩøøĞţĩ 

�ÝĚħęħĎĩþĚħĢĞţĩþ

Ý øĚħċİøķĎĚĤęċŧÝ

Ý ĴĜħûĩþġĨļĐøĞţĩ

ĚħċĨđÝ

Mallampati  

ġİþøĞţĩ

ĤĨþøěĠ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ �ÝĘįĘĚħĢĞţĩþøĚħċİø 

Ý ķĎĚĤęċŧĴĜħûĩþÝ

Ý ĐŤĤęøĞţĩ 

�ÝĚħęħĎĩþĚħĢĞţĩþ 

Ý øĚħċİøķĎĚĤęċŧÝ

Ý ĴĜħûĩþęĩĞøĞţĩ

ĚħċĨđÝ

Mallampati  

ČŀĻĩøĞţĩ

Lee  

ĴĜħûĊħ103 

	����


ÿĬĐ ûĞĩĘęĩĞćĩĐ

øħĵĢĜøğĬĚĠħ

ġĨļĐøĞţĩ

ČŀĩĴĢĐţþ 

ùĩøĚĚķøĚđĐ

ęĮĻĐĘĩøøĞţĩ

ČŀĩĴĢĐţþ 

ùĩøĚĚķøĚĜţĩþ

ęĮĻĐĘĩøøĞţĩ

ġİþøĞţĩ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ

ûĤĳûĳāĬęĐ ûĞĩĘęĩĞćĩĐ

øħĵĢĜøğĬĚĠħ

ęĩĞøĞţĩ

ČŀĩĴĢĐţþ 

ùĩøĚĚķøĚđĐ

ęĮĻĐĐŤĤęøĞţĩ

ČŀĩĴĢĐţþ 

ùĩøĚĚķøĚĜţĩþ

ęĮĻĐĐŤĤęøĞţĩ

ČŀĻĩøĞţĩ ķĘţķċŤğĭøĠĩ ķĘţķċŤğĭøĠĩ

ČĩĚĩþĎĬĻÝ�ÝÝûĞĩĘĴČøČţĩþùĤþĵûĚþġĚŤĩþĶđĢĐŤĩĴĜħùĩøĚĚķøĚČţĩþĳāĮļĤāĩČīøĨđøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ

ġţþēĜĶĢŤāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĜċĜþĤęţĩþķĘţĘĬĐĨęġŀĩûĨĄÝ
ĵċęķĘţûŀĩĐĭþčĭþĒĚīĘĩĊøĩĚčĤęĖũĐĢĐŤĩĳĕĮĻĤĒŚċāţĤþĞţĩþÿĩø 
øĩĚčĤĐĖũĐÝċĨþČĩĚĩþĎĬĻÝ�ÝĴĜħÝ�ÝĴĜħčĭþĴĘŤĞţĩēĜùĤþøĩĚčĤĐĖũĐ 
ÿħġţþēĜČţĤøĩĚĳĒĜĬĻęĐĴĒĜþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĎĬĻĜċĜþÝ 
ĴČţęĨþķĘţĘĬĢĜĨøćĩĐĳāīþĒĚħÿĨøĠŧĎĬĻĳĕĬęþĕĤĎĬĻÿħġĐĨđġĐįĐĞţĩøĩĚ
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ĤęţĩþÿŀĩøĨċÝ ĴĜħęĨþùĩċùŤĤĘİĜĎĬĻĎŀĩøĩĚğĭøĠĩûĞĩĘġĨĘĕĨĐďŧ
ĚħĢĞţĩþėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐøĨđøĩĚĚĨøĠĩ
ĎĩþĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚčĤĐĖũĐÝ ĵċęĶāŤøĩĚČĚĞÿøĩĚ
ĐĤĐĢĜĨđÝ 	QPMZTPNOPHSBQIZ
Ý ĚţĞĘċŤĞęÝ ĳĕĮĻĤĞīĐīÿĀĨęėĩĞħ 
ĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ĂĭĻþĶĐĒũÿÿįđĨĐĘĬĴûţøĩĚğĭøĠĩ 
ĳċĬęĞĂĭĻþĳĒūĐùĤþÝ -BSTFOÝ ĴĜħûĊħ104Ý ĶĐĒśÝ ĕ�ğ� ����Ý ķċŤĎŀĩ 
øĩĚğĭøĠĩÿĩøđĨĐĎĭøùŤĤĘİĜġįùėĩĕĤīĳĜĺøĎĚĤĐīøġŧęŤĤĐĢĜĨþùĤþ
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Asian Cranial 
base 
length is 
shorter

Maxilla 
position 
is more 
protruding

Mandible 
position 
is more 
protruding

Higher Didn’t study Didn’t study 

European Cranial 
base 
length is 
longer

Maxilla 
position 
is less 
protruding

Mandible 
position 
is less 
protruding

Lower Didn’t study Didn’t study

Lam et al8 
	����


Chinese Didn’t 
study

Didn’t 
study 

Didn’t study Didn’t 
study

�Ý *ODSFBTFEÝ 
 thyromental   
 angle  
- Thyromental   
 distance is
 shorter

Mallampati 
oropharyngeal 
score is higher

British Didn’t 
study

Didn’t 
study

Didn’t study Didn’t 
study

- Decreased  
 thyromental  
 angle  
- Thyromental  
 distance is  
 longer

Mallampati 
oropharyngeal 
score is lower

Lee et al103 
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Chinese Cranial 
base 
length is 
shorter

Maxilla 
position 
is more 
protruding

Mandible 
position 
is more 
protruding

Higher Didn’t study Didn’t study 

Caucasian Cranial 
base 
length is 
longer

Maxilla 
position 
is less 
protruding

Mandible 
position 
is less 
protruding

Lower Didn’t study Didn’t study

Table 5  The differences in facial and skeletal structure of different races and the incidence of obstructive  
 sleep apnea

øĜįţĘČĨĞĤęţĩþĎĬĻķċŤĚĨđøĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐĶĐāţĞþĤĩęį
ĚħĢĞţĩþÝ �����Ý ĒśĴĜħĎŀĩøĩĚĴđţþČĨĞĤęţĩþĤĤøĳĒūĐÝ �Ý øĜįţĘÝ 
ķċŤĴøţÝ øĜįţĘĎĬĻĘĬøĩĚčĤĐĖũĐøĚĩĘĐŤĤęÝ �Ý ĂĬĻÝ ÿŀĩĐĞĐÝ �
���Ý ûĐ
ĴĜħøĜįţĘĎĬĻķĘţĘĬøĩĚčĤĐĖũĐÿŀĩĐĞĐÝ �
���Ý ûĐÝ ĵċęĎŀĩøĩĚ 
ĳĒĚĬęđĳĎĬęđøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ 

ĎĨļþġĤþøĜįţĘċŤĞęøĩĚČĚĞÿøĩĚĐĤĐĢĜĨđÝ ĕđĞţĩûĞĩĘāįøĶĐøĩĚ 
ĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐùĤþĎĨļþġĤþøĜįţĘ 
ĘĬûĞĩĘĶøĜŤĳûĬęþøĨĐĘĩøÝ ĵċęĳøīċĶĐøĜįţĘČĨĞĤęţĩþĎĬĻĘĬčĤĐĖũĐ 
øĚĩĘĐŤĤęÝ�����Ý�ÝĴĜħĶĐøĜįţĘČĨĞĤęţĩþĎĬĻķĘţĘĬøĩĚčĤĐĖũĐÝ����Ý�Ý 
ĂĭĻþĴČøČţĩþøĨĐĤęţĩþķĘţĘĬĐĨęġŀĩûĨĄĎĩþġčīČīÝ
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ĕđĞţĩùĐĩċāţĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĎĬĻĘĬùĐĩċĐŤĤęøĞţĩÝ 
��ÝĘīĜĜīĳĘČĚÝĴĜħĚħęħĢţĩþĚħĢĞţĩþùĤđùĤþøĚħċİøùĩøĚĚķøĚĜţĩþ 
øĨđøĚħċİøķĥĤĤęċŧĎĬĻĘĩøøĞţĩÝ ����Ý ĘīĜĜīĳĘČĚÝ ÿħĳĕīĻĘĵĤøĩġ 
øĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĎĩþĳċīĐĢĩęĶÿÝ 
øĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþĤĩÿĎŀĩĶĢŤĳøīċėĩĞħċĨþøĜţĩĞ 
ĳĐĮĻĤþÿĩøûĞĩĘČŤĩĐĎĩĐėĩęĶĐĎĩþĳċīĐĢĩęĶÿĳĕīĻĘĘĩøùĭļĐÝ 
ġĤċûĜŤĤþøĨđøĩĚğĭøĠĩùĤþÝ .D/BNBSBÝ ĴĜħûĊħ107Ý ĶĐĒśÝ 
ĕ�ğ�Ý����ÝĎĬĻĕđĞţĩĚħęħġĨļĐġįċÿĩøĳĕċĩĐĤţĤĐķĒęĨþēĐĨþûĤĢĤę
ċŤĩĐĢĜĨþÝ ĢĚĮĤùĐĩċùĤþāţĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĘĬûţĩĒøČī
ĒĚħĘĩĊÝ�����ÝĘīĜĜīĳĘČĚÝĴĜħĚħęħġĨļĐĎĬĻġįċÿĩøČŀĩĴĢĐţþÿįċČĨċ 
ùĤþĵûĐĜīļĐøĨđùĤđĜţĩþùĤþùĩøĚĚķøĚĜţĩþķĒęĨþēĐĨþûĤĢĤę 
ċŤĩĐĢĜĨþÝĢĚĮĤùĐĩċùĤþāţĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđøĜţĤþĳġĬęþÝ 
ĘĬûţĩĒĚħĘĩĊÝ �����Ý ĘīĜĜīĳĘČĚÝ ĵċęùĐĩċāţĤþĎĩþĳċīĐĢĩęĶÿ
ġţĞĐđĐĎĬĻĐŤĤęøĞţĩûţĩĒøČīÝ �Ý ĘīĜĜīĳĘČĚÝ đţþāĬļĞţĩĐţĩÿħĘĬûĞĩĘ 
ēīċĒøČīùĤþĎĩþĳċīĐĢĩęĶÿÝ	DPNQSPNJTFEÝBJSXBZ


ÿĩøøĩĚğĭøĠĩĎĬĻēţĩĐĘĩĢĜĩęøĩĚğĭøĠĩĳøĬĻęĞøĨđøĩĚ
ĳĒĜĬĻęĐĴĒĜþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĎĬĻĚħċĨđČţĩþÝĹÝ 
ĶĐēİŤĒŞĞęĎĬĻĘĬûĞĩĘēīċĒøČīùĤþøĚħċİøùĩøĚĚķøĚāĐīċĎĬĻÝ �Ý ĎĬĻķċŤ 
ĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚÝ ĳāţĐÝ
øĩĚğĭøĠĩùĤþÝ 4BNNBOÝ ĴĜħûĊħ108Ý ĶĐĒśÝ ĕ�ğ�Ý ����Ý ĕđ
ĞţĩøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþčĤęĢĜĨþÝ 	NBOEJCVMBSÝ
TFUCBDL
ÝġţþēĜĶĢŤĘĬøĩĚĜċĜþùĤþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐ 
ĚħċĨđāţĤþĒĩøĴĜħøĜţĤþĳġĬęþĂĭĻþġĤċûĜŤĤþøĨđøĩĚğĭøĠĩùĤþÝ
4BJUPIÝĴĜħûĊħ109ÝĶĐĒśÝĕ�ğ�Ý����ÝĴĜħÝ$IFOÝĴĜħûĊħ110 
ĶĐĒśÝĕ�ğ�Ý����ÝČĩĘĜŀĩċĨđĂĭĻþĕđĞţĩĘĬøĩĚĜċĜþĳāţĐøĨĐÝĶĐùĊħĎĬĻ 
øĩĚğĭøĠĩùĤþÝ &HHFOTQFSHFSÝ ĴĜħûĊħ111Ý ĶĐĒśÝ ĕ�ğ�Ý ����Ý 
ĴĜħÝ %FHFSMJZVSUÝ ĴĜħûĊħ112Ý ĶĐĒśÝ ĕ�ğ�Ý ����Ý ĕđĞţĩĘĬøĩĚ
ĜċĜþùĤþùĐĩċāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđĵĕĚþÿĘİø
ĴĜħĚħċĨđāţĤþĒĩøÝ ĐĤøÿĩøĐĬļøĩĚğĭøĠĩùĤþÝ ,BXBNBUBÝ 
ĴĜħûĊħ113ÝĶĐĒśÝĕ�ğ�Ý����ÝĕđĞţĩĘĬûĞĩĘġĨĘĕĨĐďŧĳāīþđĞøĚħċĨđ
ĒĩĐøĜĩþÝ 	SÝ �Ý ����
Ý ĚħĢĞţĩþøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþ 

čĤęĢĜĨþøĨđùĐĩċāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÝ ĵċęĕđĞţĩ 
ûĞĩĘøĞŤĩþĎĩþċŤĩĐùŤĩþÝ 	MBUFSBMÝ XJEUI
Ý ùĤþāţĤþĞţĩþĎĩþĳċīĐ
ĢĩęĶÿġţĞĐđĐĜċĜþĚŤĤęĜħÝ ����Ý ĴĜħûĞĩĘøĞŤĩþĎĩþċŤĩĐĢĐŤĩÝ
	GSPOUBMÝ XJEUI
Ý ĜċĜþĚŤĤęĜħÝ ����Ý ĳĘĮĻĤČīċČĩĘøĩĚĚĨøĠĩ 
ĎĬĻĚħęħÝ�ÝĳċĮĤĐÝĴĜħÝ�ÝĒśÝĢĜĨþēţĩČĨċøĚħċİøùĩøĚĚķøĚČĩĘĜŀĩċĨđ

āţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđāţĤþĒĩøĳĒūĐ
ČŀĩĴĢĐţþĢĜĨøĎĬĻĕđĞţĩĘĬøĩĚĴûđĜþĶĐēİŤĒŞĞęĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿ
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐ108,109 ĂĭĻþĳĘĮĻĤĎŀĩøĩĚĚĨøĠĩĎĨĐČøĚĚĘ
ÿĨċĖũĐĚţĞĘøĨđøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþčĤęĢĜĨþÝ ĜīļĐÿħ
čİøčĤęķĒċŤĩĐĢĜĨþĳāţĐøĨĐÝ ĎŀĩĶĢŤøĜŤĩĘĳĐĮļĤĕĩĜĩĵČøĜĤġĂĨġÝ
	QBMBUPHMPTTVTÝNVTDMF
ÝĘĬĎīğĎĩþøĩĚĞĩþČĨĞĶĐĴĐĞċīĻþĜċĜþÝ
ûĞĩĘęĩĞĳĕċĩĐĤţĤĐÝÿĭþĳĕīĻĘùĭļĐĚţĞĘøĨđĜīļĐĎĬĻĤęİţûţĤĐķĒċŤĩĐĢĜĨþ
ĘĩøĎŀĩĶĢŤĘĬĚħęħġĨĘēĨġøĨĐùĤþĳĕċĩĐĤţĤĐøĨđĜīļĐĳĕīĻĘĘĩøùĭļĐĳĒūĐ
ĳĢČįĶĢŤùĐĩċāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĜċĜþ

<9Iþ+TE5��

ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĳĒūĐûĞĩĘ
ēīċĒøČīùĤþøĩĚĐĤĐĢĜĨđĎĬĻĕđķċŤĘĩøĶĐĒĚħāĩøĚĳĕğāĩę 
ĞĨęøĜĩþûĐĴĜħēİŤġİþĤĩęįĂĭĻþčĮĤĳĒūĐėĩĞħĎĬĻĤĨĐČĚĩęÝ ĴĜħĘĬ
ûĞĩĘĚŤĩęĴĚþčĭþāĬĞīČ114 ĢĩøĒĜţĤęķĞŤĵċęķĘţĚĨøĠĩĤĩÿĐŀĩķĒġİţ
ėĩĞħĢĨĞĶÿĳČŤĐēīċÿĨþĢĞħÝ ĢĨĞĶÿĜŤĘĳĢĜĞÝ ĴĜħûĞĩĘċĨĐĵĜĢīČġİþÝ 
ĂĭĻþġĩĘĩĚčûĨċøĚĤþûĞĩĘĳġĬĻęþøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħ 
ĢĜĨđÿĩøøĩĚĤįċøĨļĐĳđĮļĤþČŤĐķċŤĵċęĶāŤĴđđġĤđčĩĘĎĬĻĘĬûĞĩĘ 
ĐţĩĳāĮĻĤčĮĤÝ ûĮĤÝ ĴđđġĤđčĩĘĳđĤĚŧĜīĐÝ ĴđđġĤđčĩĘĚħċĨđ 
ûĞĩĘþţĞþĐĤĐÝ ĴĜħĴđđġĤđčĩĘĒĚħĳĘīĐėĩĞħĢęįċĢĩęĶÿ 
ùĊħĢĜĨđÝ ĴĜħĞīĐīÿĀĨęċŤĞęøĩĚČĚĞÿøĩĚĐĤĐĢĜĨđÝ ĵċęġĩĳĢČį
øĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĳøīċķċŤÿĩø
ĢĜĩęĒũÿÿĨęĂĭĻþĤĩÿĳøĬĻęĞùŤĤþøĨđēİŤĒŞĞęĎĬĻĘĬĜĨøĠĊħùĐĩċùĤþČţĤĘ
ĎĤĐĂīĜĴĜħČţĤĘĤħċĬĐĤęċŧĵČÝ	BEFOPUPOTJMMBSÝIZQFSUSPQIZ
Ý
ČŀĩĴĢĐţþøĚħċİøķĥĤĤęċŧÝ 	IZPJEÝ CPOF
Ý ĤęİţČŀĻĩÝ ûĞĩĘęĩĞ 
ùĩøĚĚķøĚĜţĩþġĨļĐÝ 	TIPSUÝNBOEJCVMBSÝ MFOHUI
Ý ĘįĘĚħĐĩđ 
ùĩøĚĚķøĚĜţĩþāĨĐÝ	IJHIÝNBOEJCVMBSÝQMBOFÝBOHMF
ÝùĩøĚĚķøĚ 
đĐĴûđÝ 	OBSSPXÝNBYJMMBSZÝ BSDI
Ý ĴĜħĘĬûĞĩĘēīċĒøČīùĤþ
ĵûĚþġĚŤĩþøĚħċİøùĩøĚĚķøĚĴđđĎĬĻġĤþÝ 	TLFMFUBMÝ $MBTTÝ **Ý
pattern)104 ČĜĤċĢĜĩęĒśĎĬĻēţĩĐĘĩķċŤĘĬøĩĚČĨļþûŀĩčĩĘĞţĩøĩĚ
čĤĐĖũĐøĚĩĘĐŤĤęÿĩøøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐĘĬġţĞĐĎŀĩĶĢŤ
ĳøīċøĩĚĤįċøĨļĐĎĩþĳċīĐĢĩęĶÿĴĜħėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ
ÿĩøøĩĚĤįċøĨļĐĢĚĮĤķĘţÝ ĴČţÿĐčĭþĒũÿÿįđĨĐęĨþķĘţĘĬøĩĚğĭøĠĩĎĬĻ
ġĩĘĩĚčęĮĐęĨĐûĞĩĘġĨĘĕĨĐďŧĶĐĳāīþđĞøķċŤÝ ĶĐĎĩþČĚþøĨĐùŤĩĘ
ĘĬøĩĚğĭøĠĩĎĬĻĴġċþĞţĩķĘţĘĬûĞĩĘġĨĘĕĨĐďŧĚħĢĞţĩþøĩĚčĤĐĖũĐ
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øĚĩĘĐŤĤęĚţĞĘøĨđøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐøĨđĤįđĨČīøĩĚĊŧùĤþ
ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ĴĜħĘĬđĩþøĩĚğĭøĠĩ
ĎĬĻĴġċþčĭþøĩĚĳĒĜĬĻęĐĴĒĜþùĤþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿĢĜĨþ
øĩĚčĤĐĖũĐùĤþĖũĐøĚĩĘĐŤĤęġĬĻĂĬĻĵċęĎĩþĎĨĐČøĚĚĘÿĨċĖũĐĐĨļĐ
ĴČøČţĩþøĨĐķĒČĩĘûĞĩĘĚįĐĴĚþùĤþĒĚīĘĩĊĖũĐĂŤĤĐĳøÝ ĒĚīĘĩĊ 
øĩĚęĮĻĐùĤþĖũĐĢĐŤĩÝĴĜħøĜķøČţĩþÝĹÝĎĬĻĶāŤĶĐøĩĚĒŚċāţĤþĞţĩþÿĩø
øĩĚčĤĐĖũĐ18,21,23,115-117 ĂĭĻþĕđĞţĩøĩĚčĤĐĖũĐøĚĩĘĐŤĤęĴĜŤĞĘĬ
øĩĚčĤęĖũĐĢĐŤĩķĒċŤĩĐĢĜĨþĎŀĩĶĢŤĕĮļĐĎĬĻĤęİţùĤþĜīļĐĜċĜþÝ ġţþēĜ 
ĶĢŤĒĚīĘĩČĚĎĩþĳċīĐĢĩęĶÿĜċĜþ19,20Ý ĤĩÿġţþēĜĶĢŤĳøīċėĩĞħ 
ĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐùĭļĐķċŤÝ ċĨþĐĨļĐÝ čŤĩēİŤĒŞĞęĘĬ
ûĞĩĘĳġĬĻęþġİþČţĤøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚ 
ĤįċøĨļĐĴĜŤĞČŤĤþčĤĐĖũĐøĚĩĘĐŤĤęĳĕĮĻĤĴøŤķùøĩĚġđĖũĐēīċĒøČī
ĎĬĻĘĬĖũĐĢĐŤĩęĮĻĐĢĚĮĤĖũĐĂŤĤĐĳøÝ ĴĐħĐŀĩĶĢŤĞĩþĴēĐøĩĚĚĨøĠĩ 
ĢĜĨøęĭċĒĩĐøĜĩþÝ 	NPEFSBUFÝ BODIPSBHF
Ý ĳĕĮĻĤĜċĒĚīĘĩĊ
øĩĚčĤęĖũĐĢĐŤĩķĒċŤĩĐĢĜĨþĴĜħĎŀĩĶĢŤķĘţĳøīċøĩĚĳĒĜĬĻęĐĴĒĜþ
ĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĜċĜþĘĩøĳøīĐķĒÝĴĜħùŤĤÿŀĩøĨċĤęţĩþĢĐĭĻþ
ùĤþøĩĚğĭøĠĩġţĞĐĶĢĄţÝûĮĤÝøĩĚĞĨċÿħĎŀĩĳĀĕĩħøĩĚĳĒĜĬĻęĐĴĒĜþ
ùĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐėĩęĢĜĨþøĩĚčĤĐĖũĐĚţĞĘøĨđĎĨĐČ
øĚĚĘÿĨċĖũĐÝ ĴĜħęĨþĘĬøĩĚğĭøĠĩÿŀĩĐĞĐÿŀĩøĨċĎĬĻĢĩûĞĩĘġĨĘĕĨĐďŧ 
ĳĢĜţĩĐĬļøĨđøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ 
ĵċęøĩĚČĚĞÿøĩĚĐĤĐĢĜĨđÝĚĞĘčĭþČĨĞĴĒĚĤĮĻĐÝĹÝĎĬĻûĞĚĕīÿĩĚĊĩ
ĳĕīĻĘĳČīĘÝ ĳāţĐÝ ĳĕğÝ ĳāĮļĤāĩČīÝ øĩĚĳÿĚīĄĳČīđĵČĴĜħĜĨøĠĊħ 
ûĞĩĘġĨĘĕĨĐďŧĵûĚþġĚŤĩþøĚħċİøùĩøĚĚķøĚÝ ĐĤøÿĩøĐĬļķĘţĘĬ
đĎûĞĩĘĶċĎĬĻğĭøĠĩĳøĬĻęĞøĨđøĩĚğĭøĠĩøĩĚûþġėĩĕĚħęħęĩĞ
ùĤþĜīļĐÝ ĳĕċĩĐĤţĤĐÝ øĚħċİøķĥĤĤęċŧÝ ĴĜħùĐĩċāţĤþĞţĩþĎĩþ
ĳċīĐĢĩęĶÿġţĞĐđĐĢĜĨþøĩĚÿĨċĖũĐÝ ċĨþĐĨļĐÝ ēĜĚħęħęĩĞùĤþøĩĚ
ĚĨøĠĩċŤĞęøĩĚčĤĐĖũĐČţĤøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐĴĜħĎĩþĳċīĐ
ĢĩęĶÿġţĞĐđĐÿŀĩĳĒūĐČŤĤþķċŤĚĨđøĩĚğĭøĠĩĶĐĤĐĩûČ

ĶĐĒũÿÿįđĨĐķċŤĳĚīĻĘĘĬøĩĚČĚħĢĐĨøčĭþēĜøĚħĎđČţĤøĩĚ
ĳĒĜĬĻęĐĴĒĜþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐÿĩøøĩĚĚĨøĠĩ 
ĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚÝĂĭĻþÿĩøøĩĚ
ğĭøĠĩĎĬĻēţĩĐĘĩĴġċþĶĢŤĳĢĺĐĞţĩøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþ
čĤęĢĜĨþġţþēĜĶĢŤāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĜċĜþÝĵċęĳĀĕĩħ
ĤęţĩþęīĻþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđāţĤþĒĩøÝĳĐĮĻĤþÿĩø
øĩĚčĤęøĚħċİøùĩøĚĚķøĚĜţĩþķĒċŤĩĐĢĜĨþĎŀĩĶĢŤĜīļĐĘĬĎĬĻĤęİţ 
ĜċĜþĴĜħĜīļĐûţĤĐķĒĤęİţĎĩþċŤĩĐĢĜĨþĘĩøùĭļĐġţþēĜĶĢŤùĐĩċāţĤþ
ĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĜċĜþÝ ċĨþĐĨļĐÝ ûĞĚĘĬøĩĚĒĚħĳĘīĐāţĤþ
ĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐøţĤĐĎŀĩøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐ 
ĚţĞĘøĨđøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚÝ ĵċęÝ (BOEFELBSÝ ĴĜħ
ûĊħ118ÝĶĐĒśÝĕ�ğ�Ý����ÝĴĐħĐŀĩĞţĩøĩĚēţĩČĨċùĩøĚĚķøĚĶĐēİŤĒŞĞę
ĎĬĻĘĬûĞĩĘēīċĒøČīùĤþøĚħċİøùĩøĚĚķøĚāĐīċĎĬĻÝ �Ý ĵċęøĩĚēţĩČĨċ

øĚħċİøùĩøĚĚķøĚđĐĘĩċŤĩĐĢĐŤĩÝ	NBYJMMBSZÝBEWBODFNFOU
Ý
�Ý ĘīĜĜīĳĘČĚÝ ĚţĞĘøĨđøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþčĤęĢĜĨþÝ
	NBOEJCVMBSÝTFUCBDL
Ý���ÝĘīĜĜīĳĘČĚÝÿħķĘţġţþēĜĶĢŤĳøīċøĩĚ
ĳĒĜĬĻęĐĴĒĜþāţĤþĞţĩþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĢĜĨþøĩĚēţĩČĨċÝ ĴĜħ
čŤĩÿħĎŀĩøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþčĤęĢĜĨþĳĕĬęþĤęţĩþ
ĳċĬęĞÝ ĴĐħĐŀĩĶĢŤēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþčĤęĢĜĨþķĘţĳøīĐÝ 
�Ý ĘīĜĜīĳĘČĚÝ čĭþÿħķĘţġţþēĜĶĢŤĳøīċøĩĚĳĒĜĬĻęĐĴĒĜþāţĤþĞţĩþĎĩþ
ĳċīĐĢĩęĶÿġţĞĐđĐĢĜĨþøĩĚēţĩČĨċÝ ĴČţøĩĚğĭøĠĩĎĬĻēţĩĐĘĩęĨþĘĬ 
ùŤĤÿŀĩøĨċĳĐĮĻĤþÿĩøĳĒūĐøĩĚċİøĩĚĳĒĜĬĻęĐĴĒĜþĎĩþĳċīĐĢĩęĶÿ 
ġţĞĐđĐĢĜĨþøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚÝ ĵċęķĘţķċŤĎŀĩøĩĚČĚĞÿ
øĩĚĐĤĐĢĜĨđĳĕĮĻĤęĮĐęĨĐøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđ 
ÿĩøøĩĚĤįċøĨļĐĵċęČĚþ

<9LEZ=

ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĳĒūĐûĞĩĘ 
ēīċĒøČīùĊħĐĤĐĢĜĨđùĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĎĬĻĕđķċŤđţĤęÝ 
ĂĭĻþøĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐĤĩÿĳĒūĐġĩĳĢČįĎĬĻĎŀĩĶĢŤĳøīċ
ėĩĞħċĨþøĜţĩĞùĭļĐķċŤÝ ċĨþĐĨļĐĶĐøĩĚĞĩþĴēĐøĩĚĚĨøĠĩĎĨĐČøĚĚĘ
ÿĨċĖũĐĚţĞĘøĨđøĩĚčĤĐĖũĐĴĜħøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐĚţĞĘøĨđ 
øĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚÝ ûĞĚĘĬøĩĚČĚħĢĐĨøčĭþøĩĚ
ĳĒĜĬĻęĐĴĒĜþùĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĢĜĨþøĩĚĚĨøĠĩÝ ĂĭĻþĤĩÿ 
ĐŀĩķĒġİţøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐùĭļĐķċŤ 
ĂĭĻþĎĨĐČĴĕĎęŧÿĨċĖũĐġĩĘĩĚčûĨċøĚĤþûĞĩĘĳġĬĻęþùĤþøĩĚ
ĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĐĬļķċŤÿĩøøĩĚ 
ĂĨøĒĚħĞĨČīĴĜħûĨċøĚĤþûĞĩĘĳġĬĻęþøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿ
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĵċęĶāŤĴđđġĤđčĩĘÝ ĂĭĻþĴđđġĤđčĩĘ
ĎĬĻġĩĘĩĚčĳĜĮĤøĶāŤķċŤÝ ûĮĤÝ ĴđđġĤđčĩĘĳđĤĚŧĜīĐÝ 	#FSMJOÝ
RVFTUJPOOBJSF
Ý ĴđđġĤđčĩĘĚħċĨđûĞĩĘþţĞþĐĤĐĳĤĺđĳĞīĚŧďÝ
	&QXPSUIÝ TMFFQJOFTTÝ TDBMF
Ý ĴĜħĴđđġĤđčĩĘĒĚħĳĘīĐ
ėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÝ 	4501�#BOHÝ RVFTUJPOOBJSF
Ý
ĚĞĘčĭþġţþČţĤēİŤĒŞĞęĎĬĻĘĬûĞĩĘĳġĬĻęþġİþČţĤøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿ 
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐķĒČĚĞÿøĩĚĐĤĐĢĜĨđÝĂĭĻþĳĒūĐøĩĚČĚĞÿ
ĞīĐīÿĀĨęĘĩČĚćĩĐÝ ĐĤøÿĩøĐĬļĎĨĐČĴĕĎęŧÿĨċĖũĐûĞĚġĩĘĩĚč
ĶāŤėĩĕĚĨþġĬĘĩûĨċøĚĤþûĞĩĘĳġĬĻęþøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿ 
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐÝ ĵċęĞīĳûĚĩħĢŧÿĩøėĩĕĚĨþġĬøħĵĢĜø
ğĬĚĠħċŤĩĐùŤĩþĢĚĮĤĵûĐđĬĘûĤĘĕīĞĳČċĵĎĵĘøĚĩĖĖśÝ ĂĭĻþēİŤĒŞĞę 
ĎĬĻĘĬėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĘĨøĕđĜĨøĠĊħ
ùĩøĚĚķøĚĜţĩþĳĜĺøÝ 	NJDSPHOBUIJTN

Ý øĩĚĳÿĚīĄĳČīđĵČùĤþ 
ùĩøĚĚķøĚĜţĩþĶĐĴĐĞċīĻþġİþÝ 	IZQFSEJWFSHFOUÝ QBUUFSO

Ý 
øĩĚĳÿĚīĄĕĚţĤþùĤþĶđĢĐŤĩġţĞĐøĜĩþÝ 	NJEGBDFÝ IZQPQMBTJB

Ý
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ĚħęħÿĩøøĚħċİøĤţĤĐķĎĚĤęċŧķĒĎĬĻûĩþÝ	UIZSPNFOUBMÝEJTUBODF
Ý 
ġĨļĐĜþĴĜħČŀĩĴĢĐţþøĚħċİøķĥĤĤęċŧĤęİţČŀĻĩ 

ĒũÿÿįđĨĐęĨþķĘţĘĬĢĜĨøćĩĐĳĕĬęþĕĤĞţĩøĩĚčĤĐĖũĐøĚĩĘĐŤĤę
ĳĕĮĻĤøĩĚĚĨøĠĩĎĩþĎĨĐČøĚĚĘÿĨċĖũĐÝ ĎŀĩĶĢŤĳøīċėĩĞħĢęįċĢĩęĶÿ
ùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐĵċęČĚþÝĂĭĻþøĩĚğĭøĠĩġţĞĐĶĢĄţĎĬĻēţĩĐĘĩ 
ķċŤĘĬøĩĚĞīĳûĚĩħĢŧùĐĩċùĤþĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĵċęøĩĚĞĨċÿĩø 
ėĩĕĚĨþġĬøħĵĢĜøğĬĚĠħċŤĩĐùŤĩþĢĚĮĤĵûĐđĬĘûĤĘĕīĞĳČċĵĎĵĘ
øĚĩĖĖśÝ ĴČţęĨþĘĬùŤĤĘİĜÿŀĩøĨċĳøĬĻęĞøĨđûĞĩĘġĨĘĕĨĐďŧĚħĢĞţĩþøĩĚ
čĤĐĖũĐøĚĩĘĐŤĤęÿĩøøĩĚĚĨøĠĩĎĨĐČøĚĚĘÿĨċĖũĐøĨđøĩĚĎŀĩþĩĐ
ùĤþĚħđđĎĩþĳċīĐĢĩęĶÿĴĜħėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩø 
øĩĚĤįċøĨļĐÝ ċĨþĐĨļĐÝ ĶĐĤĐĩûČûĞĚĘĬøĩĚğĭøĠĩĎĬĻĶāŤĞīďĬøĩĚĞīĐīÿĀĨę
ĴĜħøĩĚĒĚħĳĘīĐČŀĩĴĢĐţþøĩĚĤįċøĨļĐĎĩþĳċīĐĢĩęĶÿĚħĢĞţĩþøĩĚ
ĐĤĐĢĜĨđķċŤĵċęČĚþ

ĐĤøÿĩøĐĬļøĩĚēţĩČĨċøĚħċİøùĩøĚĚķøĚøĺ ĳĒūĐĢĐĭĻ þ 
ĶĐġĩĳĢČįĎĬĻĎŀĩĶĢŤĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĴûđĜþÝ ĵċęĳĀĕĩħøĩĚ
ēţĩČĨċøĚħċİøùĩøĚĚķøĚĜţĩþčĤęĢĜĨþÝ ĎŀĩĶĢŤĜīļĐčĤęķĒċŤĩĐĢĜĨþ 
ġţþēĜĶĢŤĎĩþĳċīĐĢĩęĶÿġţĞĐđĐĚħċĨđāţĤþĒĩøĴûđĜþÝ ĂĭĻþĤĩÿ
ĐŀĩķĒġİţøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐùĭļĐķċŤÝ 
ċĨþĐĨļĐĎĨĐČĴĕĎęŧÿĨċĖũĐĴĜħĎĨĐČĴĕĎęŧğĨĜęğĩġČĚŧāţĤþĒĩø 
ûĞĚĞĩþĴēĐøĩĚĚĨøĠĩĚţĞĘøĨĐċŤĞęûĞĩĘĚħĘĨċĚħĞĨþÝĒĚħĳĘīĐûĞĩĘ
ĳġĬĻęþùĤþøĩĚĳøīċėĩĞħĢęįċĢĩęĶÿùĊħĢĜĨđÿĩøøĩĚĤįċøĨļĐøţĤĐ
ĳĚīĻĘøĩĚĚĨøĠĩÝĚĞĘčĭþĶĢŤøĩĚĚĨøĠĩĎĬĻĳĢĘĩħġĘĵċęøĩĚĎŀĩþĩĐĳĒūĐ
ĎĬĘġĢġĩùĩĞīāĩāĬĕ

<9<T9M;�T9Wg'ITCES<>V6-O<

ĞĎ�ÝøĩĚġĚŤĩþĴĐĞûīċÝĞīďĬøĩĚĎŀĩþĩĐÝĂĤĖČŧĴĞĚŧÝøĩĚĞīĳûĚĩħĢŧ
ĴđđĳĒūĐĎĩþøĩĚÝ øĩĚġĮđûŤĐĢĩÝ ĎĚĨĕęĩøĚøĩĚđŀĩĚįþĚĨøĠĩùŤĤĘİĜÝ
øĩĚĳùĬęĐĚţĩþĳĚīĻĘČŤĐÝ øĩĚČĚĞÿġĤđĴĜħĴøŤķùøĩĚĳùĬęĐÝ øĩĚĴġċþ
ēĜùŤĤĘİĜĶĐĚİĒĴđđøĚĩĖĴĜħėĩĕĒĚħøĤđ

ėġ�Ý øĩĚČĚĞÿġĤđûĞĩĘčİøČŤĤþÝøĩĚČĚĞÿġĤđĴĜħĴøŤķù
øĩĚĳùĬęĐÝ øĩĚĴġċþēĜùŤĤĘİĜĶĐĚİĒĴđđøĚĩĖĴĜħėĩĕĒĚħøĤđÝ
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Risk Factors Related to Obstructive Sleep Apnea 
Syndrome in Children with Repaired Cleft Lip  

and Palate 
āīĐøěČÝĵĕďīĿğīĚī�ÝÝĘĩĚğĚĬÝāĨęĞĚĞīĎęŧøįĜ��

$IJOOBLSJKÝ1PTJSJ�ÝÝ.BSBTSJÝ$IBJXPSBXJULVM��

đĎûĞĩĘĒĚīĎĨğĐŧ

3FWJFXÝBSUJDMF

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,  
DBOÝJOBEWFSUFOUMZÝMFBEÝUPÝVQQFSÝBJSXBZÝPCTUSVDUJPO�Ý"EEJUJPOBMMZ
ÝWBSJPVTÝSJTLÝGBDUPSTÝJOÜVFODFÝ04"4ÝJOÝDIJMESFOÝ 
with CLP, making it a multifactorial condition. The ability to identify OSAS in children with CLP is essential  
CFDBVTFÝJGÝMFGUÝVOUSFBUFEÝJUÝDBOÝDBVTFÝDPHOJUJWFÝEFÛDJUT
ÝCFIBWJPSBMÝQSPCMFNT
ÝJNQBJSFEÝHSPXUI
ÝBOEÝDBSEJPWBTDVMBSÝ
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.1 
Its prevalence is 1.2 % -5.7 % in the overall pediatric 
population.2 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.2,3

$-1Ý BSJTFTÝ GSPNÝ UIFÝ EFÛDJFODZÝ PGÝ QSPQFSÝ
interaction or sustained contact between the medial 
nasal and the lateral nasal process as well as the 
maxillary process.4 The documented incidence of CLP 
among liveborn babies is 1.7 cases per 1000 births.5-7 
In Thailand, a comparable incidence of 1.6 cases per 
1000 live births has been observed for CLP among Thai 
infants.8 5IFÝQSFTFODFÝPGÝ$-1ÝJOÝDIJMESFOÝJTÝTJHOJÛDBOUMZÝ
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.9-11 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.12 These deformities necessitate various surgical 
interventions, including primary palatoplasty, to  
address the cleft anomaly, enhance speech function, 
and correct facial features.12 However, these corrective 
procedures can inadvertently lead to upper airway 
obstruction.13 Furthermore, approximately 13 % 
of children with CLP experience velopharyngeal 
JOTVGÛDJFODZÝ 	71*
Ý GPMMPXJOHÝ QSJNBSZÝ QBMBUBMÝ SFQBJS
Ý 
leading to hypernasal voice and swallowing challenges.3  

As a consequence, many CLP children require secondary 
corrective surgeries, often employing techniques 
MJLFÝ QIBSZOHFBMÝ ÜBQ
Ý TQIJODUFSÝ QIBSZOHPQMBTUZ
Ý
pharyngoplasty, and Furlow palatoplasty. These 
interventions have potential complications, with OSAS 
emerging as a prominent concern.14 CLP children also 
suffer from disruptions of the oropharyngeal muscles, 
with negative effects on speech, swallowing, and airway 
patency, especially while sleeping.15 

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 
BOEÝ BEWBODFÝ UIFÝ ÛFME¿TÝ LOPXMFEHF�Ý 5IFÝ SFTVMUJOHÝ 
enhanced awareness for early detection of OSAS in 
CLP children is crucial for preventing complications and 
alleviating the negative effects on cognitive function, 
behavior, and cardiovascular health, and attention 
EFÛDJUTÝBOEÝEFMBZFEÝEFWFMPQNFOUÝUIBUÝZPVOHFSÝ$-1Ý
DIJMESFOÝXJUIÝ04"4ÝNBZÝFYQFSJFODF�Ý'JOBMMZ
ÝUIFÝÛOEJOHTÝ
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

4FWFSBMÝ TUVEJFTÝ IBWFÝ JEFOUJÛFEÝ QPUFOUJBMÝ SJTLÝ
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:16

��Ý$MFGUÝMJQÝXJUIPVUÝDMFGUÝQBMBUFÝ	$-
�ÝThis type 
affects only the lip and may be unilateral or bilateral.

��Ý$MFGUÝMJQÝXJUIÝDMFGUÝQBMBUFÝ	$-1
�ÝThis 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.

��Ý*TPMBUFEÝDMFGUÝQBMBUFÝ	$1
�ÝThis type affects 
only the secondary palate and is rarely diagnosed 
prenatally.

��Ý.FEJBOÝDMFGUÝMJQÝBOEÝQBMBUFÝ	.$-1
� 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 
TJHOJÛDBOUMZÝIJHIFSÝNFBOÝ1FEJBUSJDÝ4MFFQÝ2VFTUJPOOBJSFÝ
scores and a higher prevalence of elevated OSAS 
risk.17 However, when individuals with both cleft lip 
and palate were compared regarding cleft types, 
encompassing isolated CP, unilateral and bilateral cleft 
MJQÝBOEÝBMWFPMVT
ÝOPÝTJHOJÛDBOUÝDPSSFMBUJPOÝXBTÝGPVOEÝ
between cleft type and the prevalence of OSAS risk.17 

Similarly, several prior studies conducted by Silvestre 
et al. (2014) and MacLean et al. (2009) did not identify 
BÝTJHOJÛDBOUÝBTTPDJBUJPOÝCFUXFFOÝ04"4ÝSJTLÝBOEÝDMFGUÝ
DMBTTJÛDBUJPO�18,19

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 
involving the retrusive maxilla,20 which is similar to 
patients with nasal airway obstruction and OSAS.21 

Research has established a strong correlation 
between maxillary dimensions and upper airway 
measurements,11Ý IJHIMJHIUJOHÝ UIFÝ TJHOJÛDBOUÝ JNQBDUÝ
of a hypoplastic midface and retrognathic maxilla in 
reducing cross-sectional airway volume in children 
with CLP.12Ý5IFTFÝÛOEJOHTÝBMJHOÝXJUIÝBOPUIFSÝTUVEZÝUIBUÝ
SFQPSUFEÝBÝTJHOJÛDBOUÝQSFWBMFODFÝPGÝ04"4ÝJOÝDIJMESFOÝ
with CLP, further suggesting that children with CLP are 
more susceptible to symptoms of OSAS.10,22

Furthermore, these patients are prone to 
FYQFSJFODJOHÝOFVSPNVTDVMBSÝEZTGVODUJPO
ÝTQFDJÛDBMMZÝ
affecting the muscles responsible for controlling 
the soft palate, which heightens the risk of airway 
collapse and the development of OSAS.23 Nasal airway 
obstruction resulting from nasal deformities further 
contributes to the susceptibility of patients with CLP 
to OSAS.24,25 

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 
TJHOJÛDBOUMZÝTNBMMFSÝQBMBUBMÝEJNFOTJPOT�Ý"EEJUJPOBMMZ
Ý
UIFZÝ FTUBCMJTIFEÝ BÝ TJHOJÛDBOUÝ DPSSFMBUJPOÝ CFUXFFOÝ
QBMBUBMÝWPMVNFÝBOEÝPSPQIBSZOHFBMÝBSFB
ÝBGÛSNJOHÝUIFJSÝ
pivotal role in the development of OSAS.26 In a recent 
TUVEZÝCZÝ$JBWBSFMMBÝ%�ÝFUÝBM�Ý	����

ÝBÝTJHOJÛDBOUÝOFHBUJWFÝ
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.27 
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4JHOJÛDBOUÝ EJGGFSFODFTÝ XFSFÝ BMTPÝ PCTFSWFEÝ JOÝ
comparative analyses of palatal dimensions, including 
volume and surface area, between children with UCLP 
and those without. Children with either unilateral or 
CJMBUFSBMÝ $-1Ý FYIJCJUFEÝ TJHOJÛDBOUMZÝ TNBMMFSÝ QBMBUBMÝ
volumes compared to non-cleft individuals.28 Another 
study utilizing digital dental casts to evaluate the 
maxillary arch width, palatal surface area, and volume 
in children with UCLP during mixed dentition and 
DIJMESFOÝ XJUIPVUÝ 6$-1Ý GPVOEÝ TJHOJÛDBOUMZÝ SFEVDFEÝ
palatal surface area and volume in the UCLP group 
compared to the control group.29 5IFTFÝ ÛOEJOHTÝ
align with the research conducted by Smahel et al. 
(2003), which analyzed the three-dimensional palatal 
morphology in children with UCLP. This study revealed 
BOÝPWFSBMMÝQBMBUBMÝOBSSPXJOHÝPGÝUIFÝQBMBUF
ÝTQFDJÛDBMMZÝ
in the anterior region. Moreover, it was accompanied by 
reduced width and height of the palate.30 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.31

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.30 To 
EBUF
Ý IPXFWFS
Ý FWJEFODFÝ JTÝ JOTVGÛDJFOUÝ UPÝ TVQQPSUÝ
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

"HJOHÝ JOUFOTJÛFTÝ UIFÝ TVTDFQUJCJMJUZÝ UPÝ 04"4
Ý
with the prevalence of OSAS steadily increasing as 
individuals advance in years.32 However, its mechanism 
remains unclear.33 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.34 
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.35 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.37 Conversely, a previous study found 
UIBUÝ BHFÝ JTÝ OPUÝ BÝ TJHOJÛDBOUÝ GBDUPSÝ JOÝ04"4Ý SJTLÝXJUIÝ
CLP patients.19

²«�Äâëáâï

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.38 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,37 in agreement with previous studies in 
children with CLP.17,18
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6. Obesity 

$IJMEIPPEÝPCFTJUZÝIBTÝBÝ TJHOJÛDBOUÝ JNQBDUÝPOÝ
OSAS. Some cross-sectional studies have indicated 
UIBUÝ DIJMEIPPEÝ PCFTJUZ
Ý EFÛOFEÝ CZÝ BÝ CPEZÝNBTTÝ
index (BMI) equal to or surpassing the 90th or 95th 
percentile, increases the likelihood of snoring by two 
to four times.39 Obesity is an independent risk factor 
for both snoring and OSAS in children.40,41 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 
XIFSFÝ")*ÝFYDFFEFEÝ���ÝQFSÝIPVSÝXFSFÝ TJHOJÛDBOUMZÝ
higher compared to nonobese children.42 Several 
mechanisms establish a connection between obesity 
and OSAS, including diminished compliance within 
the respiratory system, elevated airway resistance, 
SFEVDFEÝMVOHÝWPMVNFT
ÝNPEJÛFEÝWFOUJMBUJPOÝQBUUFSOT
Ý
BMUFSBUJPOTÝJOÝFYQJSBUPSZÝÜPXÝSBUF
ÝBOEÝEJTSVQUJPOTÝJOÝ
gas exchange.43 Despite this association of obesity with 
an elevated risk for OSAS in children and adolescents 
without CLP,44 a review of studies of children with CLP 
GBJMFEÝUPÝ JEFOUJGZÝBÝTJHOJÛDBOUÝ MJOLÝCFUXFFOÝIJHIÝ#.*Ý
and positive OSAS risk.17,18

´«�ÍïæêÞïö�íÞéÞñìíéÞðñö�ñâàåëæîòâð�Þëá�ñæêæëä�
of cleft palate repair

Primary palatoplasty is used to treat children 
diagnosed with CP in developed nations, typically either 
QSJPSÝUPÝPSÝBSPVOEÝUIFJSÝÛSTUÝCJSUIEBZ�45 Several primary 
QBMBUPQMBTUZÝUFDIOJRVFTÝBSFÝVTFE
ÝJODMVEJOHÝUXP�ÜBQÝ
palatoplasty, a straight-line repair, and the double-
opposing Z-plasty.45 Primary palatoplasty in children 
with CP can result in airway obstruction.13 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 
BOEÝ PUIFSÝ USBOTJFOUÝ TZNQUPNT
Ý TVDIÝ BTÝ EJGÛDVMUZÝ

breathing during sleep, but without breathing pauses.13  

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, 
UIFÝ ")*Ý TDPSFÝ JODSFBTFEÝ CZÝ ÛWFÝ PSÝNPSFÝ FWFOUTÝ QFSÝ 
hour in approximately 20 % of the participants.45 

The timing of cleft palate repair is a critical 
GBDUPSÝ JOÜVFODJOHÝNJE�GBDFÝHSPXUIÝPVUDPNFTÝ JOÝ$-1Ý
patients;46 this may, in turn, impact OSAS risk due 
to reduced airway volume.12 Early repair has proven 
CFOFÛUTÝGPSÝTQFFDIÝEFWFMPQNFOUÝCVUÝNBZÝQPUFOUJBMMZÝ
restrain maxillary growth.47 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.48 Some 
researchers argue that delayed palate repair may lead 
to improved craniofacial morphology, although possibly 
impairing speech development.46 However, others 
ÛOEÝ OPÝ TJHOJÛDBOUÝ EJTQBSJUJFTÝ JOÝ DSBOJPGBDJBMÝ HSPXUIÝ
between early and delayed cleft repair.49 In some 
cases, patients having surgery at the recommended 
time achieve normal speech abilities despite notable 
craniofacial morphology differences.46 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) 
SFWFBMFEÝOPÝTJHOJÛDBOUÝEJGGFSFODFTÝJOÝQIBSZOHFBMÝBJSXBZÝ
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.46

8. Adenotonsillar hypertrophy

Adenotonsillar hypertrophy 	ATH) is one of the 
predominant causes of pediatric obstructive sleep 
apnea syndrome (OSAS) in the non-cleft population.22 

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 

Chinnakr i j  Pos i r i  and Marasr i Chaiworawi tku l´¯  T h a i  J  O r t h o d  V o l . 1 4  N o . 1  2 0 2 4



and without OSAS. The results indicated that in children 
with OSAS, upper airway closure occurred at the level 
of the tonsils and adenoids.50 In contrast, in non-OSAS 
children, it occurred at the level of the soft palate. This 
VOEFSTDPSFTÝUIFÝJOÜVFOUJBMÝSPMFÝPGÝBOBUPNJDBMÝGBDUPSTÝ
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.50 

Children with CLP who additionally suffer from 
ATH face an elevated susceptibility to OSAS as a result 
of restricted airways.23 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 
QPUFOUJBMMZÝ DBVTJOHÝ 71*�23Ý 4JHOJÛDBOUMZ
Ý UPOTJMMFDUPNZÝ
IBTÝCFFOÝFGGFDUJWFÝJOÝBMMFWJBUJOHÝCPUIÝ04"4ÝBOEÝ71*�Ý
On the contrary, adenoid hypertrophy, located on the 
posterior pharyngeal wall, may act as a cushion against 
71*ÝCZÝGBDJMJUBUJOHÝWFMPQIBSZOHFBMÝDMPTVSF�23 However, 
after adenoidectomy, this compensatory mechanism 
NBZÝCFÝDPNQSPNJTFE
ÝQPUFOUJBMMZÝMFBEJOHÝUPÝ71*�Ý"TÝ 
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.23

¶«� ÐòïäæàÞé�ñâàåëæîòâð�ãìï�ñïâÞñæëä�óâéìíåÞïöª 
ngeal insufficiency

71*Ý JTÝ EFÛOFEÝ CZÝ JOBCJMJUZÝ UPÝ BDIJFWFÝ QSPQFSÝ
closure of the velopharyngeal sphincter, which leads to 
an inadequate separation between the oral and nasal 
cavities during speech. Thirteen percent of children 
XJUIÝ$1ÝEFWFMPQÝ71*ÝGPMMPXJOHÝQSJNBSZÝQBMBUBMÝSFQBJS
Ý
SFTVMUJOHÝJOÝIZQFSOBTBMÝWPJDFÝBOEÝTXBMMPXJOHÝEJGÛDVMUZ�3 

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.51 Madrid et al. reported that several surgical 
UFDIOJRVFTÝGPSÝDPSSFDUJPOÝPGÝ71*ÝJODMVEFÝQIBSZOHFBMÝÜBQ
Ý
sphincter pharyngoplasty, pharyngoplasty, and Furlow 

palatoplasty, but that various surgical techniques have 
had complications, with OSAS being one of the major 
concerns.14 OSAS can develop following posterior 
QIBSZOHFBMÝÜBQÝTVSHFSZÝBOEÝJTÝBÝLOPXOÝPDDVSSFODFÝJOÝ
children with CLP. Moreover, there have been reports 
of fatalities resulting from upper airway blockage in the 
postoperative period.52,53 However, the prevalence and 
duration of this OSAS are debatable.54 4PNFÝÛOEJOHTÝ
demonstrate that post-operative dynamic sphincter 
pharyngoplasty may increase the incidence of OSAS.55 

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.56

10. Breastfeeding

Several studies indicate that breastfeeding could 
offer long-term defense against the severity of sleep-
disordered breathing in childhood. Children who were 
CSFBTUGFEÝGPSÝUXPÝUPÝÛWFÝNPOUITÝIBEÝMFTTÝTFWFSFÝ04"4Ý
symptoms than children who had not been breastfed.57 

Breastfeeding contributes to the development of 
a healthy upper airway structure, and breast milk 
provides immunologic protection against infections that 
may trigger OSAS.57 However, another study reported 
a positive correlation between breastfeeding and 
OSAS.58 Similarly, a different investigation found that 
breastfeeding was associated with chronic snoring as  
BÝ SJTLÝ GBDUPSÝ UISPVHIÝ BOÝ VOJEFOUJÛFEÝNFDIBOJTN
Ý 
which could be immunological in nature. They  
suggested that the immunological agents from the 
CSFBTUÝNJMLÝ QSPNPUFEÝ BJSXBZÝ JOÜBNNBUJPO
Ý XIJDIÝ 
led to wheezing and snoring.59 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 
IBEÝ TJHOJÛDBOUMZÝ TIPSUFSÝ EVSBUJPOTÝ PGÝ CSFBTUGFFEJOHÝ
BOEÝ TJHOJÛDBOUMZÝ MPOHFSÝ EVSBUJPOTÝ PGÝ CPUUMF�GFFEJOHÝ
than children without CLP.17 This difference could 
be explained by the fact that newborns with non-
syndromic clefts exhibit less effective sucking patterns 
compared to individuals without CLP.17 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.60 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.

��Ý$MFGUÝUZQF�ÝThe research highlights a notable  
increase in the risk of OSAS among children with 
unilateral and bilateral CLP when compared to 
those without CLP.17 Nonetheless, when comparing 
individuals with different cleft types, including isolated 
CP and unilateral and bilateral cleft lip and alveolus, 
OPÝTJHOJÛDBOUÝDPSSFMBUJPOÝCFUXFFOÝDMFGUÝUZQFÝBOEÝUIFÝ
prevalence of OSAS was observed.17-19 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. 

��Ý#POZÝBOBUPNZÝBOEÝOFVSPNVTDVMBSÝEZTGVODUJPO�Ý
Skeletal abnormalities and diminished upper airway 
structures often accompany CLP, thereby contributing 
to the development of OSAS.12,20,21 Dysfunction in 
the muscles controlling the soft palate and nasal 
deformities can also increase the risk of OSAS.23-25 

Evaluation of children with CLP should include 
assessment of anatomy and muscle function.

��Ý1BMBUBMÝEJNFOTJPOT� 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.

��Ý "HF�Ý"HJOHÝ TJHOJÛDBOUMZÝ JNQBDUTÝ UIFÝ SJTLÝ PGÝ
OSAS, with the prevalence of the condition increasing 

with age.32 Elderly individuals tend to have greater 
pharyngeal collapsibility during sleep.35,36 Only a limited 
OVNCFSÝPGÝTUVEJFTÝIBWFÝTQFDJÛDBMMZÝ JOWFTUJHBUFEÝUIFÝ
JOÜVFODFÝ PGÝ BHJOHÝ POÝ 04"4Ý SJTLÝ BNPOHÝ JOEJWJEVBMTÝ 
with CLP. Even after childhood repair, continuing care 
should consider patient aging.

��Ý(FOEFS� 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. 

��Ý0CFTJUZ� Childhood obesity is a recognized 
risk factor for OSAS.39-41 However, its association with 
OSAS in cleft patients is uncertain and inconsistent.17,18 

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.

��Ý 1SJNBSZÝ QBMBUPQMBTUZÝ UFDIOJRVFTÝ BOEÝ
UJNJOHÝPGÝDMFGUÝQBMBUFÝSFQBJS� 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 
UPÝTJHOJÛDBOUMZÝJODSFBTFÝPSÝXPSTFOÝUIFÝSJTLÝPGÝ04"4�13 

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 
TIPVMEÝCFÝDBSFGVMMZÝDPOTJEFSFEÝBMPOHTJEFÝUIFÝCFOFÛUTÝ
of timely palate repair for each individual case.

��Ý"EFOPUPOTJMMBSÝIZQFSUSPQIZ�ÝBecause 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. 

��Ý4VSHJDBMÝUFDIOJRVFTÝGPSÝUSFBUJOHÝWFMPQIBSZOHFBMÝ
JOTVGÛDJFODZ� Some surgical techniques to correct  
71*ÝNBZÝ JODSFBTFÝ UIFÝ SJTLÝ PGÝ 04"4�14 Clinicians must  
be aware of these potential complications when 
EJTDVTTJOHÝTVSHJDBMÝJOUFSWFOUJPOTÝGPSÝ71*ÝNBOBHFNFOUÝ 
in CLP patients. Treatment should be highly 
JOEJWJEVBMJ[FE
Ý CBMBODJOHÝ UIFÝ CFOFÛUTÝ BOEÝ SJTLTÝ PGÝ
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. 

���Ý #SFBTUGFFEJOH�Ý The relationship between 
breastfeeding and OSAS is complex. While breastfeeding 
may have protective effects against sleep-disordered 
CSFBUIJOH
Ý DPOÜJDUJOHÝ ÛOEJOHTÝ TVHHFTUÝ BÝ QPUFOUJBMÝ
association between breastfeeding and OSAS in certain 
cases.57,58 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 
JEFOUJÛFEÝTPMFMZÝUISPVHIÝTZNQUPNÝRVFTUJPOOBJSFT� 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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