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Abstract 

BACKGROUND: Two-dimensional radiographs and plaster models are used to evaluate the changes in the 

maxillary bone and airway after rapid maxillary expansion, but the shortcomings like distortion, one-sidedness, 

and overlapping appear. Cone-beam CT can effectively solve the above problems and achieve the 

three-dimensional reconstruction and measurement of the maxillary bone and airway. 
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OBJECTIVE: To investigate the morphological changes of nasomaxillary complex and upper airway in adolescent 

patients with malocclusion after rapid maxillary expansion by cone-beam CT and Dolphin software.  

METHODS: Thirty adolescent patients with malocclusion were enrolled to receive rapid maxillary expansion. 

All patients underwent cone-beam CT examination before and after treatment, and Dolphin software was used for image 

processing, three-dimensional reconstruction, fixed point and measurement, to evaluate the morphological changes of 

the nasomaxillary complex and upper airway. 

RESULTS AND CONCLUSION: After treatment, the nasal cavity and maxillary width was increased by (2.13±1.80) and 

(4.12±2.15) mm, respectively (P < 0.05); the coronal diameter and area of the airway on the hard plate was increased by 

(3.30±2056) mm and (75.37±53.92) mm

�
, respectively (P < 0.05), and all above indexes showed significant difference 

compared with baseline. While the sagittal diameter of the airway on the hard plate showed no significant changes. After 

treatment, the upper airway showed a significant increase in the area and volume at the nasopharynx, which was 

increase by (33.57±57.10) mm

�
 and (1 009.59±1 350.91) mm

�
, respectively (P < 0.05). The upper airway showed no 

significant changes in the area and volume at the velopharynx and glossopharynx, as well as the height at each part. To 

conclude, in the growing patients with malocclusion after rapid maxillary expansion, the nasomaxillary complex and area 

and volume of upper airway at the nasopharynx showed a significant increase, but the airway at the velopharynx and 

glossopharynx reveal no significant changes. 

Subject headings: Maxillary Diseases; Pyramidal Tracts; Tissue Engineering 
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Figure 1  Rapid maxillary expansion device used for adolescent 

patients 
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Figure 2  Three-dimensional reconstruction model of the skull 
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Figure 3  Upper airway of the growing patient 
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Figure 4  Width of the maxillary complex 

at the first molar area 
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Figure 5  The experimental flow chart 
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� 3  �������	
����������                                                                    (x

�

±s�n=30) 

Table 3  Changes of the cross-sectional area of the upper airway at each part before and after rapid maxillary expansion   

���� ��� ��� ������� P	 


��������(mm

�
) 270.19±108.40 345.56±109.50 75.37±53.92 0.001 

�������������(mm

�
) 103.82±32.50 127.84±73.67 24.03±63.18 0.163 

�������������(mm

�
) 201.35±88.28 220.08±88.73 18.73±70.80 0.323 

��������(mm

�
) 91.50±39.93 101.38±44.30 9.88±36.95 0.318 


������(mm) 13.70±3.38 13.88±3.50 0.18±1.64 0.673 

�����������(mm) 8.23±2.72 8.63±2.43 0.40±2.21 0.494 

�����������(mm) 10.36±3.32 10.97±2.63 0.61±2.30 0.323 

���������(mm) 14.60±44.28 15.72±5.10 1.11±33.87 0.284 


������(mm) 20.37±4.29 23.67±4.40 3.30±2.56 0.001 

�����������(mm) 13.41±3.83 13.92±4.95 0.50±3.74 0.061 

�����������(mm) 25.13±3.68 25.11±4.44 �0.22±4.04 0.983 

���������(mm) 5.90±1.89 6.19±1.60 0.28±2.79 0.699 
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Table 1  Items for measuring the nasomaxillary complex and airway and 

their definitions    

����  ! 
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UMS( �������O������� 


����� "�J
�H��9���� 

������� K�������ALH�HI9����� 

������� K�������ALH�HI9����� 

:MP��                                               :MNO
�P�V�� 

TMP�� 
�H�W��������PV�� 

UMP�� �������W�������9�PV�� 
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�H�OQR$�9������ 

:MX� :M"�6YZ
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�O��������PX� 

UMX� �������O��������PX� 
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(x

�

±s�n=30�mm) 

Table 2  Variation of the nasomaxillary complex before and 

after rapid maxillary expansion  

���� ��� ��� ������� P	 

$%%�&+, 36.26±3.32 39.45±2.93 3.19±3.26 0.002 

$%%-&+, 29.99±2.95 33.37±4.13 3.37±2.20 0.001 

�.�/%%�&+, 37.63±3.97 44.41±4.70 6.78±3.05 0.001 

�.�/%%-&+, 38.26±3.29 43.08±3.41 4.81±3.09 0.001 

�./%%�&+, 52.03±3.41 59.00±5.24 6.97±3.47 0.001 

�./%%-&+,  50.36±2.74 55.09±3.41 4.72±2.89 0.001 

"#3'( 56.55±3.52 60.67±3.04 4.12±2.15 0.001 

:6*'(  23.22±1.65 25.35±2.25 2.13±1.80 0.001 

�=:>#3'( 24.92±5.13 28.15±6.01 3.23±5.08 0.027 

�=:G'( 23.38±1.99 25.90±3.51 2.52±2.94 0.005 

�=:>#3'( 32.29±13.73 35.33±14.15 3.03±3.28 0.003 

�=:G'( 29.71±2.58 31.35±2.78 1.64±1.22 0.001 
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�
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�
) 

Table 4  Changes of the surface area of the upper airway at 

each part before and after rapid maxillary expansion  

��=] ��� ��� ������� P	 

:M= 118.70±62.68 152.27±62.38 33.57±57.10 0.039 

TM= 258.76±83.93 250.82±69.43 �7.94±46.74 0.536 

UM= 185.86±377.91 205.97±55.55 20.10±69.80 0.283 

 

� 5  �������������#"$�� 

(x

�

±s�n=30�mm

�
) 

Table 5   Changes of the volume of the upper airway at each 

part before and after rapid maxillary expansion  

��=] ��� ��� ������� P	 

:M= 2 842.68±1 354.45 3 336.39±1 303.95 493.71±840.72 0.047 

TM= 4 321.34±1 880.55 4 338.00±2 199.04 16.68±994.38 0.951 

UM= 3 550.91±1 963.71 3 940.53±2 151.24 389.61±1 688.72 0.387 
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Table 6  Changes of the height of the upper airway at each part 

before and after rapid maxillary expansion 

���� ��� ��� ������� P	 


�� 9.64±3.17 11.23±2.46 1.59±3.90 0.137 

��� 25.89±3.85 24.31±3.56 �1.59±3.63 0.126 

�� 18.69±6.38 18.81±6.96 0.11±3.82 0.913 

 



 

�����. ��� CT 	
����������������������� 

P.O. Box 10002, Shenyang   110180   www.CRTER.org 

5786 

www.CRTER.org 

¹ûêüýþ&��&��&��&��&��&	
�Ò�:�*

"(���î*ê?�����¿À�x�¹ûR�ê�� 

 

4  ����  References 

[1] Zeng J, Gao X. A prospective CBCT study of upper airway 

changes after rapid maxillary expansion. Int J Pediatr 

Otorhinolaryngol. 2013;77(11):1805-1810. 

[2] Machadojúnior AJ, Zancanella E, Crespo A. Rapid maxillary 

expansion and obstructive sleep apnea: A review and 

meta-analysis. Medicina Oral Patologia Oral Y Cirugia Bucal. 

2016;21(4):e465-e469. 

[3] ��,���.��	
����������[J]. �����

���, 2008, 35(s1):311-314. 

[4] ���. ��!"#OSAHS$%&'()*+%,-.[J]. 

/01�2 34�5, 2017, 31(1):13-17. 

[5] Hass AJ.The treatment of maxillary deficiency by opening the 

midpalatal suture. Angle Orthod.1965;35:200-217. 

[6] Hass AJ.Rapid expansion of the maxillary dental arch and nasal 

cavity by opening the midpalatal suture. Angle Orthod. 1961; 

31(2):73-90. 

[7] 67�,89:,Kapika Faustin,;. ��	
��<=>?@AB

CDEFG�HIJKLMNO[J]. P(��Q���, 2011, 

27(3):365-368. 

[8] RS,TUV,RW,;. ��	
��#XY��Z[\]

OSAHS$%&'([J]. &�Q�^_, 2014, 11(17):41-44. 

[9] Angell EC.Treatment of irregularities of the permanent or adult 

teeth.Dental Cosmos.1860;1:540-544. 

[10] Almuzian M, Ju X, Almukhtar A, et al. Does rapid maxillary 

expansion affect nasopharyngeal airway? A prospective Cone 

Beam Computerised Tomography (CBCT) based study. 

Surgeon. 2016. pii: S1479-666X(15)00125-0. 

[11] Baccetti T, Franchi L Jr. The Cervical Vertebral Maturation (CVM) 

Method for the Assessment of Optimal Treatment Timing in 

Dentofacial Orthopedics. Semin Orthod. 2005;11(3):119-129.  

[12] El H, Palomo JM. Three-dimensional evaluation of upper airway 

following rapid maxillary expansion: a CBCT study. Angle Orthod. 

2014;84(2):265-273. 

[13] `a.��bcdHyrax	�e ��f=ghijklmng

oCTpq[J]. &r��st���, 2014, 21(3):128-131. 

[14] uv,Tw,xyz,;. 	
��>{?@|$}~����=,

�CTpq[J]. ����Q���,2015,15(31):6074-6077. 

[15] Park JJ, Park YC, Lee KJ, et al. Skeletal and dentoalveolar 

changes after miniscrew-assisted rapid palatal expansion in 

young adults: A cone-beam computed tomography study. 

Korean J Orthod. 2017;47(2):77-86.  

[16] Weissheimer A,de Menezes LM,Mezomo M,et al.Immediate 

effects of rapid maxillary expansion with Hass-type and 

hyrax-type expanders:a randomized clinical trial.Am J Orthod 

Dentofacial Orthop.2011;140:366-367. 

[17] Ghoneima A,Abdel-Fattah E,Eraso F, et al. Skeletal and dental 

changes after rapid maxillary expansion:a computed 

tomography study. Aust Orthod J. 2010;26(2):141-148. 

[18] T�,���,���,;.	
��e~�)~��lmngo

CT��[J]. ��Q�1��5, 2014, 20(1):57-60. 

[19] Majourau A, Nanda R. Biomechanical basis of vertical 

dimension control during rapid palatal expansion therapy. Am J 

Orthod Dentofacial Orthop. 1994;106(3):322-328. 

[20] de Almeida AM, Ozawa TO, Alves AC, et al. Slow versus rapid 

maxillary expansion in bilateral cleft lip and palate: a CBCT 

randomized clinical trial. Clin Oral Investig. 2016. [Epub ahead 

of print] 

[21] Doruk C,Sokucu O,Sezer H,et al.Evaluation of nasal airway 

resistance during rapid maxillary expansion using acoustic 

rhinometry. Eur J Orthod. 2004;26(4):397-401. 

[22] Ghoneima A, Albarakati S, Jiang F, et al. Computational fluid 

dynamics analysis of the upper airway after rapid maxillary 

expansion: a case report. Prog Orthod. 2015;16(1):85. 

[23] Starchjensen T, Blaehr TL. Transverse Expansion and Stability 

after Segmental Le Fort�Osteotomy versus Surgically Assisted 

Rapid Maxillary Expansion:a Systematic Review. J Oral 

Maxillofac Res. 2016;7(4):e1.  

[24] Matsushita K, Inoue N, Kobori Y, et al. New device for palatal 

expansion in conjunction with the Le Fort I osteotomy. British J 

Oral Maxillofac Surg. 2015;53(10):1038-1039. 

[25] Stokbro K, Aagaard E, Torkov P, et al. Surgical accuracy of 

three-dimensional virtual planning: a pilot study of bimaxillary 

orthognathic procedures including maxillary segmentation. Int J 

Oral Maxillofac Surg. 2016;45(1):8-18. 

[26] Guilleminault C, Monteyrol PJ, Huynh NT, et al. Adeno- 

tonsillectomy and rapid maxillary distraction in pre-pubertal 

children, a pilot study. Sleep Breath. 2011;15(2): 173-177. 

[27] Cistulli PA,Sullivan CE.Influence of maxillary morphology on 

nasal airway resistance in Marfan’s syndrome. Acta 

Otolaryngol.2000;120:410-413. 

[28] Zhao Y, Nguyen M, Gohl E, et al. Oropharyngeal airway 

changes after rapid palatal expansion evaluated with 

cone-beam computed tomography. Am J Orthod Dentofacial 

Orthop. 2010;137: S71-S78. 

[29] Ozbek MM, Memikoglu UT,Altug-Atac AT, et al. Stability of 

maxillary expansion and tongue posture. Angle Orthod. 2009; 

79(2):214-220. 

[30] Izuka EN, Feres MF, Pignatari SS. Immediate impact of rapid 

maxillary expansion on upper airway dimensions and on the 

quality of life of mouth breathers. Dent Press J Orthod. 2015; 

20(3):43-49. 

[31] ��,���,���,;. ��	
��A����)�HINO

njoCT��[J]. &r��Q���, 2015, 50(7):403-407. 

[32] ��w,��. gL ¡�OSAHS*+¢£¤$%¥¦[J]. /

01�2 34�5, 2017, 31(1):8-12. 

[33] §¨,©ªa,«¬,;. gL ¡�®�¯°±²³´µ¶H·

=£FG*+¢£��[J]. &r2 ¸3¹º»���, 2016, 

51(11):801-805. 

[34] Hong JS, Park YH, Kim YJ, et al. Three-dimensional changes 

in pharyngeal airway in skeletal class III patients undergoing 

orthognathic surgery. J Oral Maxillofac Surg. 2011;69(11): 

e401-e408. 

[35] ¼½,{�¾,¿À,;. �EJÁEÂÃ��Ä�ÅÆ��HIj

kÇÈXÉ¹NÊË��[J]. &�*+_Q�, 2016, 9(11): 

975-978. 

[36] Morin O,Gillis A,Chen J,et al.Megavoltage cone-beam CT: 

System description and clinical applications. Med Dosim. 2006; 

31(1):51-61.  

[37] ��Ì,�ÍÎ,Ï�Ð,;. njoCT#�~=st$%&'(

[J]. &�Q%ÑÒ, 2016, 31(3):118-120. 

[38] ÓÔ,ÕÖ,×ØÙ,;.��	
��AÚÄÛe~ÜÝ�ÞßàN

OngoCT��[J].&r��st���,2013,20(1):8-12.  

[39] ¼áâ,�ã.noCT#st$%&�HI��'([J]. ��Q

�äå���,2012,33(2):97-100. 


