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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 

 

 

� 2  ������� 

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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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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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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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 
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±s�n=30�mm
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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 
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