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ABSTRACT

Background/Objectives: The present study was conducted to examine differences between malocclusion 
the pharynx by reconstructing 3D images from CBCT data using the Mimics program, which allows actual 
measurement values to be acquired that are not affected by image distortion.

Method/Statistical Analysis: The subjects were analyzed by dividing them into malocclusion of classes I, 
II, and III (with each group comprising five participants) according to their facial skeletal forms. DICOM 
images were 3-dimensional ones manufactured by using the 3-D image program(Mimics 17, Materialise, 
Leuven, Gelgium). Upper airways in subjects of class I,II and III were divided into rhinopharynx, oropharynx 
and laryngopharynx.

Findings: The volume of the nasopharynx was 11521.9600 for class I, 11925.5850 for class II, and 13167.2800 
for class III; the corresponding values for the oropharynx were 10946.0500, 8547.6125, and 12126.3125, 
respectively, indicating no significant differences. The volume ratio of the nasopharynx was 51.0534 for 
class I, 58.1387 for class II, and 51.9762 for class III; the corresponding values for the oropharynx were 
48.9466, 41.8613, and 48.0238, respectively, also indicating no significant differences

Improvements/Applications: However, the present 3D measurements based on data measured in two 
dimensions are expected to facilitate future studies and provide basic data for them. 
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Introduction

The respiration function has a huge impact on 
maxillofacial growth and development, with the 
environmental factor of mouth breathing known to be 
closely related to malocclusion1-2. Mouth breathing is 
likely to result in problems related to occlusion, such 
as palatal stricture, posterior crossbite, and anterior 
open bite, and it also may increase the anterior facial 
height and lower the position of the tongue by affecting 
the skeletal structure3. These features have led to 
considerable interest in the relationship between mouth 
breathing and facial form, and the number of studies 
evaluating pharynges based on the skeletal form has been 

increasing1–11. Mouth breathing and airway obstruction 
have been reported to be related to malocclusion of Angle 
class 2 and division 14. Some studies have evaluated the 
pharynges according to malocclusion, with recent ones 
examining the relationship between breathing during 
sleep and the pharynx12-18. 

A representative case is snoring sometimes being 
accompanied by sleep apnea and obstructive sleep 
apnea16. Such obstructive sleep apnea occurs as the 
pharyngeal airway is narrowed during sleep due to 
macroglossia, a posterior position of the mandible, and 
a receding chin17. Previous studies have found a high 
incidence of obstructive sleep apnea in malocclusion of 
Angle class 319-20. Sleep apnea may therefore seem to be 
significantly affected by the pharyngeal size, depending 
on the severity of the Angle malocclusion. Although 
previous studies have tended to measure the pharyngeal 
form using cephalometric images, recent studies 
have observed pharyngeal forms by building three-
dimensional (3D) images based on CT and MRI1–11. 
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However, there are some limitations when 
establishing pharyngeal forms based on constructing 3D 
images based on CT and MRI21. The present study was 
conducted to examine differences between malocclusion 
of classes I, II, and III and the pharynx by reconstructing 
3D images from CBCT data using the Mimics program 
(version 17, Materialise, Leuven, Belgium), which 
allows actual measurement values to be acquired that are 
not affected by image distortion.

Materials and Method

Subjects: CBCT data of 15 male adults without missing 
or asymmetric teeth or psychological disorders from 
among orthodontics patients at Danguk University 
Dental Hospital were provided by the Department of 
Oral and Maxillofacial Radiology. The subjects were 
analyzed by dividing them into malocclusion of classes I, 
II, and III (with each group comprising five participants) 
according to their facial skeletal forms. This study was 
approved by the institutional review board of Danguk 
University Dental Hospital (approval no. DUDH IRB 
2015-12-022).

Method

Reconstruction of Three-Dimensional Images: CBCT 
data of the subjects were obtained in DICOM format 
using a CBCT scanner (Alphard 3030, Asahi, Kyoto, 
Japan), and CT scanning was carried out with the 
following parameters: slice increment, 0.39 mm; slice 
thickness, 0.39 mm; and matrix, 512 px * 512 px.

The DICOM images were 3D images that were 
reconstructed using 3D image processing software 
(Mimics version 17, Materialise). The nasopharynx, 
oropharynx, and laryngopharynx parts of the upper 
airways of the subjects were categorized into 
malocclusion of classes I, II, and III.

Reference Points: The following reference points were 
measured [Figure. 1, Figure. 2, Figure. 3]:

	 1.	Nasopharynx: from the posterior bone of the 
hard palate to the border below the sphenoid bone 
underneath the sinus.

	 2.	Oropharynx: from the posterior end border of 
the soft palate to the middle and anterior borders 
of the second cervical vertebrae.

	 3.	Laryngopharynx: from the posterior border of 
the hyoid bone to the low and anterior borders of 
the third cervical vertebrae.

Figure 1: Thre –Dimensional measurement of 
pharyngeal structures in malocclusion case (Class I)

Figure 2: Three–Dimensional measurement of 
pharyngeal structures in malocclusion case (Class II)

Figure 3: Three–Dimensional measurement of 
pharyngeal structures in malocclusion case (Class III)
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Measurement Items

The following parameters were measured:

	 1.	Nasopharynx volume.

	 2.	Oropharynx volume.

	 3.	Nasopharynx volume ratio.

	 4.	Oropharynx volume ratio.

Statistical Analysis

The measurement items were analyzed using 
SPSS (version 23.0, SPSS, Chicago). The presence of 
significant differences was tested using a regularity test, 
and one-way ANOVA was applied due to a small number 
of the subjects. The average differences according to 
each class was tested by conducting a posttest with a 
95% confidence interval (p=0.05).

Results and Discussion

The volume of the nasopharynx was 11521.9600 for 
class I, 11925.5850 for class II, and 13167.2800 for class 
III; the corresponding values for the oropharynx were 
10946.0500, 8547.6125, and 12126.3125, respectively, 
indicating no significant differences. The volume ratio 
of the nasopharynx was 51.0534 for class I, 58.1387 
for class II, and 51.9762 for class III; the corresponding 
values for the oropharynx were 48.9466, 41.8613, and 
48.0238, respectively, also indicating no significant 
differences [Table 1].

The breathing function is one of the environmental 
factors of malocclusion that plays an important role 
in maxillofacial growth and development, and is 
also known to be closely related to the occurrence of 
malocclusion8-9. Lee et al.2 reported that the presence of 
more-serious mandibular protrusion in patients with class 
III malocclusion resulted in a larger laryngopharyngeal 
width. Lee et al.11 reported that maxillofacial growth 
can be affected by maxillary retrusion and mandibular 
posteroinferior rotation when mouth breathing is present. 

In addition, pharynges related to the respiratory 
and digestive systems are also closely associated with 
maxillofacial growth and occlusal disorder, since they 

are connected inside the mouth and to adjacent skeletal 
structures7. Ricketts8 reported that the pharyngeal effects 
on the skeletal structure may vary depending on size, 
and mouth breathing can occur if the adenoid of the 
nasopharynx is large. In addition, Lixa et al.14 reported 
that the size of the pharynx is associated with stroke, and 
Yun et al.14 also indicated that the size of the pharynx 
affects sleep apnea.

While many studies have investigated the pharynx, 
quantitative measurements have been lacking. Most of 
the preliminary studies measured the size of the pharynx 
using lateral cephalometric radiography, CT, or MRI1–18. 
The present study therefore used the Mimics program in 
an attempt to identify differences between the pharynges 
in 3D images obtained from CBCT data and in the 
presence of malocclusion of classes I, II, and III.

This study found that the rhinopharyges are larger 
in malocclusion of class I than in classes II and III, 
whereas Lee et al.2 reported that the rhinopharyges are 
larger in malocclusion of classes II and III than in class 
I. These discrepancies could have been due to errors in 
the measurements made on cephalometric radiographs21. 
The results of the present study are similar to those of 
Kim et al.1, who found that the oropharynx was larger 
in class III than in class I, probably due to mandibular 
protrusion being more serious in class III skeletal 
structures11. The present results are also similar to Fakhri 
et al.5 finding that the nasopharynx was larger in class 
II than in the other two classes, probably due to greater 
maxillary protrusion11. Finally, the present study found 
that volume ratios of the oropharynx were higher in 
class I than in class III, whereas Kim et al.10 obtained the 
opposite result, probably due to errors.

The size of the pharynges appears to vary between 
skeletal structures of classes I, II, and III, and hence 
further studies are need to clarify the situation. This study 
is considered to have been limited by the small number of 
subjects resulting in no statistically significant differences 
between the size of pharynges among classes I, II, and 
III. However, the present 3D measurements based on data 
measured in two dimensions are expected to facilitate 
future studies and provide basic data for them.
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Table 1: Comparison of Pharynges According to Malocclusion Class

Class Ⅰ
Mean (SD)

Class Ⅱ
Mean (SD)

Class Ⅲ
Mean (SD) P*

Nasopharynx 11521.9600
(3595.04708)

11925.5850
(1306.05734)

13167.2800
(2089.73790) 0.643

Oropharynx 10946.05500
(2755.05117)

8547.6125
(539.30330)

12126.3125
(1689.51491) 0.067

Volume ratlo of nasopharynx 51.0534
(2.46665)

58.1387
(3.97881)

51.9762
(5.33349) 0.074

Volume ratlo of oropharynx 48.9466
(2.46665)

41.8613
(3.97881)

48.0238
(5.33349) 0.074

Conclusion

This study examined the size of the pharynges 
according to different classes of malocclusion by 
comparatively analyzing the pharyngeal forms in 
patients with malocclusion of classes I, II, and III by 
reconstructing images derived from CBCT into 3D ones. 
The results can be summarized as follows:

	 1.	 The size of the nasopharynx was 
11521.9600 for class I, 11925.5850 for class II, and 
13167.2800 for class III, with no significant differences 
(p>0.05). 

	 2.	 The size of the oropharynx was 
10946.0500 for class I, 8547.6125, for class II, and 
12126.3125 for class III, with no significant differences 
(p>0.05). 

	 3.	 The volume ratio of the nasopharynx 
was 51.0534 for class I, 58.1387 for class II, and 51.9762 
for class III, with no significant differences (p>0.05). 

	 4.	 The volume ratio of the oropharynx 
was 48.9466 for class I, 41.8613 for class II, and 48.0238 
for class III, with no significant differences (p>0.05).

Acknowledgment

This work (Grants No. C 0532059) was supported 
by Business for Cooperative R&D between Industry, 
Academy, and Research Institute funded Korea Small 
and Medium Business Administration in 2017.

Ethical Clearance: Not required

Source of Funding: Self

Conflict of Interest: Nil

REFERENCES

	 1.	Kim MH,Lee JW,Cha KS,Chung DH. The 
three dimensional analysis on nasal airway 
morphology in class Ⅲ malocclusion.Korea 
Academy of Stomatobnathic Function And 
Occlusion.2008;24(4).https://academic.naver.
com/article.naver?doc_id=289902084

	 2.	Lee YS, Kim JC. A Cephalometric study on 
the airway size according to the tpes of the 
malcocclusion.Korea J orthod. 1995; 25: 19-29. 
https://academic.naver.com/article.naver?doc_
id=54083941

	 3.	Cho JH. Minimal cross sectional area form 
CBCT: Relationship to Craniofacial morphology. 
Department of Medicine. Gachon University. 
2015. http://dlps.nanet.go.kr/SearchDetailView.
do?cn=KDMT1201570454&sysid=nhn

	 4.	Angle E. Treatment of malocclusion of the teeth. 
Philadelphia: SS White Manufacturing Company; 
1907. https://lib.swu.ac.kr/search/detail/
CAT000000057233

	 5.	Fakhri AA, Reem A, AlANi, Mustafa M, 
AlKhatieeb. A cephalomatric comparative 
study of pharyngeal sagittal dimension in 
different skeletal patterns. J Bagh college 
Dentisry.2011;23(1).https://www.iasj.net/
iasj?func=fulltext&aId=1320

	 6.	Lee SH. Study on airway size in class Ⅲ 
malocclusion by the gender. Korean J Phys 
Anthropol. 2017; 30(4):145-151. https://synapse.
koreamed.org/ search.php? where = aview & 
id = 10.11637/ kjpa. 2017. 30.4.145 & code = 
0107KJPA & vmode = FULL



Medico-legal Update, January-June 2019, Vol.19, No. 1         433      

	 7.	Kim SM, Kim NH. A study on the biomechanical 
modeling of human pharynx by using FEM. J 
of Kosombe.1998; 19(4):423-429. http://www.
koreascience.or.kr/ article/ Article Full Record.
jsp? cn = OOSCB @_1998_ v19n4 _423

	 8.	Ricketts RM. The significance of variation in the 
cranial base and soft structures. Am Asso for Cleft 
Palate Rehab. Newsletter.1952(3).5-6. https://
scholar.google.com/ scholar _lookup? hl = en & 
volume = 2 & publication_ year = 1952 & pages 
= 5 & journal = Newsletter + Am. + A. + Cleft + 
Palate + Rehab & author = Ricketts % 2C + R.M. 
& title = The + Significance + of + Variation + in 
+ the + Cranial + Base + and + Soft + Structures

	 9.	Subtelny JD. The significance of adenoid tissue in 
orthodontia, Angle Orthod, 1954;24:59-69. http://
www.angle.org/ doi/ abs/ 10.1043/ 0003-3219 
(1954)024% 3C0059: TSOATI% 3E2 .0.CO;2

	 10.	Kim YI, Kim SS,Son WS,Park SB. Pharyngeal 
airway analysis of different craniofacial 
morphology using cone-beam computed 
tomography (CBCT). Korean J Orthod.2009; 
39(3). https://www.synapse.koreamed.org/ 
search.php? where = aview & id = 10.4041/ kjod. 
2009.39.3.136 & code = 0123 KJOD & vmode = 
FULL

	 11.	Lee MJ, Kim JG,Yang YM, Baik BJ. Effects of 
mouth breathing on facial skeletal morphology. 
J Korean Acad Pediatr Dent.2012;39(4). http://
www.koreascience.or.kr/ article/ Article Full 
Record.jsp? cn = SOCGB @_2012 _v39n4 _339

	 12.	Yoon DW,Shin C. Mechanisms of obstructive 
sleep apnea development.J Kor Sleep 
Soc.2009;6. https://www.e-jsm.org/journal/view.
php?number=90

	 13.	Youn JY,JooEY, Kim SH, Lee JH, Cho JW, 
Kim ST, et al. MRI Analysis of upper airway in 
patients with obstructive sleep apnea-hypopnea 
syndrome. J Korean Neurol Assoc. 2007.25(3). 
h t tps : / /www.koreamed.org/SearchBasic .
php?RID=0031JKNA/2007.25.3.304&DT=1

	 14.	Lixia ZA, Qi W, Qian ZN, Gan L, Yong YA, Tong 
WN. Analysis of pharynx MRI in stroke patients 
with obstructive sleep apnea. Allied J Med 
Res.2018;2(1). http://www.alliedacademies.org/
allied-journal-of-medical-research/ 

	 15.	M Krasny, J Wysocki, MPrus, KNiemczyk. 
Locaton of the narrowest area of the pharynx 
regarding body mass index and obstructive sleep 
apnoea severity. Via Medica. 2017;76(3).491-500.
https://journals.viamedica.pl/folia_morphologica/
article/view/50518

	 16.	Battagel JM, Johal A, Kotecha B. A cephalometric 
comparision of subjects with snoring and 
obstructive sleepapnoea. Eur J Orthod. 
2000;22:353-65. https://academic.oup.com/ejo/
article/22/4/353/443134

	 17.	Bennett LS, Davis RJ, Stradling JR. Oral 
appliance for the management of snoring and 
obstructive sleep apnea. Thorax. 1998;53:58-64. 
https://thorax.bmj.com/content/53/suppl_2/S58

	 18.	Anilawan SM, Matthew TW, Mahya BD, 
Gustavo N, Geovanny PR, Hansel JO. MRI 
determination of volumes for the upper airway 
and pharyngeal lymphoid tissue in preterm and 
term infants. Clinical Imaging. 2018; 50:51-56. 
https://www.sciencedirect.com/science/article/
pii/S0899707117302607

	 19.	Sik YW. The Syudy on the orthodontic patients 
who visiteddepartment of orthodontics, Seoul 
national university hospital last 10 years. The 
Korean Journal of Orthodontics. 1995;25:497-
509.https://europepmc.org/abstract/med/2130139

	 20.	Im DH, Kim TW, Nahm DS, Chang YI. Current 
trends in orthodontic patients in Seoul National 
University Dental Hospital.The Korean Journal 
of Orthodontics. 2003; 33(1): 63-72.https://
www.koreamed.org/SearchBasic.php? RID = 
0123KJOD/ 2003.33.1.63 & DT=1

	 21.	Baumrind S, Frantz TC. The reliability of head 
film measurements : Landmark identification. Am 
J Orthod. Vol 60. pp: 111-27. 1971. https://www.
ajodo.org/article/ 0002 -9416(71) 90028-5/ abstract


