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Three-dimensional evaluation of the association 
between tongue position and upper airway 
morphology in adults: A cross-sectional study

Objective: This study aimed to evaluate the association between low tongue 
position (LTP) and the volume and dimensions of the nasopharyngeal, 
retropalatal, retroglossal, and hypopharyngeal segments of the upper airway. 
Methods: A total of 194 subjects, including 91 males and 103 females were 
divided into a resting tongue position (RTP) group and a LTP group according 
to their tongue position. Subjects in the LTP group were divided into four 
subgroups (Q1, Q2, Q3, and Q4) according to the intraoral space volume. The 
3D slicer software was used to measure the volume and minimum and average 
cross-sectional areas of each group. Airway differences between the RTP and 
LTP groups were analyzed to explore the association between tongue position 
and the upper airway. Results: No significant differences were found in the 
airway dimensions between the RTP and LTP groups. For both retropalatal 
and retroglossal segments, the volume and average cross-sectional area were 
significantly greater in the patients with extremely low tongue position. 
Regression analysis showed that the retroglossal airway dimensions were 
positively correlated with the intraoral space volume and negatively correlated 
with A point-nasion-B point and palatal plane to mandibular plane. Males 
generally had larger retroglossal and hypopharyngeal airways than females. 
Conclusions: Tongue position did not significantly influence upper airway 
volume or dimensions, except in the extremely LTP subgroup.
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INTRODUCTION

The morphology and dimensions of the upper airway 
are affected by various skeletal and dental factors. The 
size and position of the maxilla and mandible have been 
reported to influence the upper airway size.1-5 The skel-
etal Class II sagittal relationship has been reported to be 
associated with smaller upper airway segments compared 
to the other 2 sagittal skeletal patterns.6 Vertical facial 
patterns have been reported to influence the dimen-
sions of the upper airway.7 Tarkar et al.8 found that in 
patients with a vertical growth pattern, the width of the 
upper oropharyngeal airway is narrower and the position 
of the dorsum of the tongue is higher. Therefore, an up-
per airway analysis plays an integral role in orthodontic 
diagnosis and treatment planning.

Various orthodontic appliances and treatment tech-
niques, including mandibular advancement devices, 
rapid maxillary expansion (RME), and maxillomandibu-
lar advancement surgery, have been reported to cause 
changes in upper airway dimensions.9-14 These devices 
and techniques change the space available for the 
tongue within the oral cavity. Mandibular advancement 
devices have been reported to induce changes in the up-
per airway dimensions. The anterior tongue movement 
associated with mandibular advancement appliances 
has been reported to be the cause of enlargement of 
the upper airway.9-11 Rapid maxillary expansion has been 
reported to induce changes in the upper airway dimen-
sions.12 Iwasaki et al.13 demonstrated that treatment 
with RME for maxillary transverse deficiency enlarges 
the pharyngeal airway and alters the tongue position. 
Maxillomandibular advancement surgeries that change 
the upper airway dimensions are also related to anterior 
movement of the tongue.14

Previous studies have demonstrated that orthodontic 
appliances and techniques that induce changes in the 
anteroposterior position of the tongue and tongue base, 
also cause changes in upper airway dimensions.12,14 In 
addition, the effect of the tongue on the upper airway 
has been mentioned in several studies, but with no ref-
erence to how the tongue affects the upper airway.15,16 
Gurani et al.15 conducted a systematic review of the 
effect of head and tongue postures on upper airway 
dimensions and morphology and concluded that they 
were unable to find any study concerning the effect 
of tongue posture on upper airway dimensions and 
morphology. Another study that evaluated the effects 
of altered head and tongue positions during magnetic 
resonance imaging (MRI) acquisition demonstrated that 
altered head and tongue positions cause changes in the 
upper airway dimensions.17 To the best of our knowl-
edge, no study has investigated the association between 
tongue position at rest and upper airway dimensions 

using cone-beam computed tomography (CBCT) im-
ages. Therefore, the present study aimed to investigate 
the association between a low tongue position (LTP) 
and the dimensions of the nasopharyngeal, retropalatal, 
retroglossal, and hypopharyngeal segments of the upper 
airway.

MATERIALS AND METHODS

The participants in this study were Korean patients 
who visited the orthodontic Department of the Chon-
nam National University Dental Hospital seeking orth-
odontic treatment between 2017 and 2022. All data 
collection and recordings were performed anonymously, 
and informed consent was obtained from all patients. 
This study was approved by the Institutional Review 
Board (IRB) of the Chonnam National University (IRB 
No. 1040198-211231-HR-183-01). The inclusion criteria 
were availability of cephalometric radiographs and com-
plete CBCT scans. The patients were stipulated to be 18 
years old or older at the time of these modalities. Sub-
jects with respiratory diseases, history of adenoidectomy, 
ankyloglossia, history of ankyloglossia, enlarged tonsils, 
craniofacial deformities, or systemic diseases were ex-
cluded from the study. Subjects with blurred CBCT im-
ages were also excluded to eliminate the effect of swal-
lowing on the tongue position and airway.

CBCT scans were obtained with Alphard VEGA (Asahi 
Roentgen Co., Kyoto, Japan) scanner under the follow-
ing conditions: 80 kV, 5 mA, 0.39 × 0.39 × 0.39 mm 
voxel size, and 200 × 179 mm field of view. The par-
ticipants were instructed to stand and look at a mirror 
in their natural head position. To record the patient’s 
natural head position, a head-posture aligner was at-
tached to the left zygomatic region. The patients were 
then scanned while sitting in an upright position with 
the teeth in occlusion. A head-posture aligner was used 
to maintain the patient’s head in a natural position 
while scanning. Reference earplugs were also used to 
orient the CBCT scans in a natural head position, as de-
scribed in a previous study.18 The patients were asked to 
maintain head posture and not to swallow or move the 
tongue during the CBCT scanning process. The CBCT 
scans were imported into the Invivo5 software (ver-
sion 5.3; Anatomage, San Jose, CA, USA) to determine 
whether they met the inclusion criteria of this study. All 
the CBCT images were collected by two researchers. The 
fourth cervical vertebra (C4) of the patient had to be 
clearly and completely displayed on the sagittal CBCT 
image to ensure that complete upper airway data were 
obtained in the subsequent analysis. The CBCT images 
that met the inclusion criteria were exported as Digital 
Imaging and Communications in Medicine (DICOM) files 
for subsequent analyses. In addition to age and sex, 
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cephalometric measurements related to the sagittal and 
vertical facial dimensions that might affect the upper 
airway were also recorded from the cephalometric radio-
graphs of each subject.

All DICOM files exported by the Invivo5 software were 
imported into the three-dimensional (3D) slicer software 
(version 4.11). Two researchers performed the upper 
airway segmentation. Using the 3D slicer software, the 
upper airway was extracted using the threshold func-
tion in the segment editor tab. The fixed threshold was 
determined to be between –1,024 and –250. Following 
segmentation, the previously defined segments were 
identified and isolated using the scissors function of the 
3D slicer. Finally, a quantification function was used to 
measure the volume and average and minimum cross-
sectional areas of each segment.

The patients were divided into two groups based on 
their tongue position. On sagittal view of the CBCT scan, 
patients who did not have a space between the dorsum 
of the tongue and the palate in the sagittal view of the 
CBCT scan were included in the resting tongue position 

(RTP) group (Figure 1A). The patients with an air-filled 
space between the dorsum of the tongue and palate 
were included in the LTP group (Figure 1B). Using the 
3D slicer software, five reference planes were construct-
ed using five landmarks to measure various upper airway 
segments (Figure 1B). The five landmarks included the 
sella (S), posterior nasal spine (PNS), most inferior point 
of the soft palate, most anteroinferior point of the third 
cervical vertebra (C3), and most anteroinferior point of 
the fourth cervical vertebra (C4). The S-PNS plane was 
constructed by a plane passing through the S and PNS 
landmarks perpendicular to the midsagittal plane. The 
P plane was constructed by a plane passing through 
the PNS point, parallel to the floor and perpendicular 
to the midsagittal plane. The SP plane was constructed 
by a plane that passes through the most inferior point 
of the soft palate, parallel to the P plane. The C3 and 
C4 planes were constructed by planes parallel to the P 
plane passing through the most anteroinferior point of 
the third and fourth cervical vertebrae, respectively.

According to a previous study, the upper airway was 

S-PNSS-PNSplaneplane

PP planeplane

SPSP planeplane

C3C3 planeplane

C4C4 planeplane

L1L1

L2L2

L3L3

L4L4

L5L5

NasopharynxNasopharynx

RetropalatalRetropalatal

RetroglossalRetroglossal

HypopharynxHypopharynx

Intra-oral spaceIntra-oral space

A B

C D

Figure 1. A, Sample subject 
of the resting tongue posi-
tion group. B, Sample subject 
of the low tongue position 
group, the red arrow shows 
the space that appears due 
to the low tongue position. 
Landmarks and reference 
planes: L1, sella (S); L2, pos-
terior nasal spine (PNS); L3, 
the most inferior point of the 
soft palate; L4, the most an-
teroinferior point of the third 
cervical vertebra; and L5, the 
most anteroinferior point of 
the fourth cervical vertebra. 
C, Segmentation of the upper 
airway. D, Three-dimensional 
models of various segments 
of the upper airway.
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divided into four segments: nasopharynx, retropalatal, 
retroglossal, and hypopharynx.19 The nasopharyngeal 
segment of the upper airway extends between the S-
PNS plane and the P plane. The retropalatal segment of 
the upper airway extends between the P plane superiorly 
and the SP plane inferiorly. The retroglossal segment of 
the upper airway extends between the SP plane superi-
orly and the C3 plane inferiorly. The C3 plane limits the 
hypopharyngeal segment of the upper airway superiorly 
while the C4 plane limits the hypopharyngeal segment 
inferiorly. In the LTP group, the intraoral space segment 
was calculated to represent the air-filled space in the 
patient's oral cavity between the tongue and the palate 
(Figure 1C and 1D).

Statistical analysis
The intraclass correlation coefficient (ICC) was used 

to conduct an inter-examiner reliability test. The sample 
size was calculated using the G*Power program (version 
3.1.9.2; Heinrich-Heine-University, Düsseldorf, Germany) 
with an alpha error of 5% and a statistical power of 
80%, indicating the requirement of 183 participants. 
One-way analysis of variance (ANOVA) was used to 
analyze demographic data between the RTP and LTP 
groups. The chi-squared test was used to test for sex 

differences between the RTP and LTP groups.
The volume of the intraoral space in the LTP group 

did not follow a normal distribution. These were trans-
formed using logarithms to obtain normal distributions. 
After log transformation, the Kolmogorov–Smirnov test 
suggested that the data followed a normal distribution 
(P = 0.200, Figure 2). Based on the average value of 
the log-transformed data (8.1878) and standard devia-
tion (0.82754), the participants were divided into four 
subgroups (Q1, Q2, Q3, and Q4). Because the values of 
these fiducials were log-transformed, an exponential 
transformation was applied to transform these values to 
the original intraoral space volume. The division process 
and range of each subgroup are listed in Table 1.

Airway differences between the RTP and LTP groups 
were analyzed using an independent t test, while one-
way ANOVA was performed to explore the significance 
among the four subgroups of the LTP and RTP groups. 
The least significant difference post-hoc was performed 
for significant ANOVA results. Finally, regression analy-
sis was used to analyze the influence of all parameters 
(intraoral space volume, age, sex, A point-nasion-B 
point [ANB] angle, sella-nasion plane to mandibular 
plane [SN-MP] angle, overbite depth indicator [ODI], 
palatal plane to mandibular plane [PP-MP] angle, and 

Figure 2. Histogram of the distribution of subjects in the low tongue position (LTP) group. A, Subjects in the LTP group 
were not normally distributed. B, Log-normal distribution of the subjects in the LTP group.
SD, standard deviation.
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Table 1. Number of subjects and grouping criteria for each group after log-transformation

Q1 (n = 15) Q2 (n = 27) Q3 (n = 41) Q4 (n = 13)

Log-transformed range (log) ≤ (μ − 1*σ) (μ − 1*σ) − μ μ~(μ + 1*σ) > (μ + 1*σ)

Intra-oral space range (mm3) (206.84, 1,574.98] (1,574.98, 3,604.72] (3,604.72, 8,250.26] (8,250.26, 19,232.60]

Intra-oral space range = exp (log-transformed range).
μ, average value of log-transformed intra-oral space volume; σ, standard deviation of log-transformed intra-oral space volume; 
exp, exponential function.
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Frankfort-mandibular plane angle [FMA]) on airway 
morphology. All the statistical calculations in the present 
study were performed within 95% confidence intervals. 
Data analysis was performed using IBM SPSS statistical 
software (version 22.0; IBM Corp., Armonk, NY, USA).

RESULTS

Demographic
A total of 194 participants were enrolled in this study, 

including 98 in the RTP group and 96 in the LTP group. 
This study included 91 male participants and 103 female 

participants. The results of the chi-square test suggested 
that there was no significant difference in sex distribu-
tion between the RTP and LTP groups (P = 0.253; Table 
2). The youngest and oldest subjects in this study were 
18 and 58 years old, respectively. The median ages of 
the RTP and LTP groups were 38 and 33 years, respec-
tively, and there was no significant difference in the age 
distribution between the two groups (P = 0.197; Table 
2). No significant differences in the five cephalomet-
ric parameters were found between the RTP and LTP 
groups (Table 2).

Table 2. Demographic data of the resting tongue position group and low tongue position group

Overall RTP group (n = 98) LTP group (n = 96) P value

Age 0.197*

   Mean ± SD 25.6 ± 9.1 24.1 ± 6.9

   Min–Max 18–58 18–48

   Median 38 33

   95% CI 23.8–27.5 22.7–25.5

Sex (%) 0.253†

   Male 42 (42.9) 49 (51.0)

   Female 56 (57.1) 47 (49.0)

ANB (°) 0.138*

   Mean ± SD 2.0 ± 3.7 1.2 ± 3.5

   Min –Max −6 to 10 −6.5 to 8

   95% CI 1.3–2.7 0.5–1.9

SN-MP (°) 0.975*

   Mean ± SD 35.7 ± 5.7 35.7 ± 6.7

   Min–Max 38.5–50 21–51

   95% CI 34.4–36.8 34.3–37.0

ODI 0.168*

   Mean ± SD 70.3 ± 9.8 68.3 ± 10.1

   Min–Max 43–92 29–98

   95% CI 68.3–72.3 66.3–70.3

PP-MP (°) 0.905*

   Mean ± SD 25.1 ± 5.6 25.2 ± 6.0

   Min–Max 6–38 7–38

   95% CI 24.0–26.4 24.0–26.5

FMA (°) 0.741*

   Mean ± SD 26.8 ± 5.1 27.0 ± 5.9

   Min–Max 10–40 12–39.5

   95% CI 25.7–27.8 25.8–28.2

RTP, resting tongue position; LTP, low tongue position; SD, standard deviation; Min, minimum; Max, maximum; CI, confidence 
intervals; ANB, A point-nasion-B point angle; SN-MP, sella-nasion plane to mandibular plane angle; ODI, overbite depth 
indicator; PP-MP, palatal plane to mandibular plane angle; FMA, Frankfort-mandibular plane angle.
*One-way ANOVA P value, †chi-square P value, P < 0.05.
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Effects of tongue position on the upper airway
The ICC for the airway segmentation and calculation 

was 0.991, indicating a high degree of reliability. The 
upper airway volumes and average and minimum cross-
sectional areas did not differ significantly between the 
RTP and LTP groups (Table 3). For the average cross-
sectional area, significant differences were observed be-
tween the retropalatal (P = 0.034) and retroglossal (P = 
0.048) segments of the upper airway. Post-hoc analysis 
showed that for both the retropalatal and retroglossal 
segments, the average cross-sectional area of the Q4 
subgroup was significantly greater than that of the Q1, 
Q2, and Q3 subgroups and the RTP group, while there 
were no significant differences between the Q1, Q2, 
and Q3 subgroups and the RTP group. For the mini-
mum cross-sectional area, only the retropalatal segment 
showed statistical differences (P = 0.016), and post hoc 
analysis showed that the Q4 subgroup was significantly 
greater than the Q1, Q2, and Q3 subgroups and the RTP 
group. No significant differences were found between 
the Q1, Q2, and Q3 subgroups and the RTP group (Table 
4, Figure 3A and 3B).

The volumes of the retropalatal (P = 0.035) and retro-
glossal (P = 0.006) segments showed statistically signifi-
cant differences. Post-hoc analysis showed that for the 
retropalatal and retroglossal segments, the volumes of 
the Q4 subgroup were significantly greater than those of 
the other subgroups and the RTP group (Table 4, Figure 
3C).

Effects of clinical parameters on the upper airway
Regression analysis was used to explore the influence 

of eight independent variables (intraoral space volume, 
age, sex, ANB, SN-MP, ODI, PP-MP, and FMA) on the 
volume, average, and minimum cross-sectional areas of 
each segment. The significance and R2 values are listed 
in Table 5.

Stepwise regression analysis was performed among 
variables with higher coefficients of determination (R2 > 
0.350; retroglossalACA, retroglossalMCA, retroglossalV, and 
hypopharynxV). In this study, sex in the regression analysis 
was set to 0 for males and 1 for females, and the results 
obtained are shown in the following linear regression 
equations:

RetroglossalACA =  383.2 + 0.008 (oral) – 42.606 (sex) – 
8.260 (ANB) – 3.862 (PP-MP)

RetroglossalMCA =  298.9 + 0.008 (oral) – 10.825 (ANB) – 
3.677 (PP-MP)

RetroglossalV =  12,472.5 + 0.317 (oral) – 1,758.945 (sex) 
– 211.524 (ANB) – 168.173 (PP-MP)

HypopharynxV =  7,479.0 – 2,105.949 (sex) – 131.332 
(ANB)

The results showed that the retroglossal airway dimen-
sions were positively correlated with the intraoral space 
volume and negatively correlated with PP-MP. The ret-
roglossal and hypopharyngeal airway dimensions were 
negatively correlated with ANB. Males generally had 

Table 3. The mean differences in upper airway dimensions between the RTP group and LTP group

RTP group (n = 98) LTP group (n = 96) Mean difference (95% CI) P value

ACA (mm2)

   Nasopharynx 350.9 ± 92.2 342.7 ± 89.5 8.2 (−17.5 to 33.9) 0.531

   Retropalatal 334.3 ± 133.1 343.6 ± 118.3 −9.3 (−44.9 to 26.4) 0.610

   Retroglossal 302.1 ± 135.1 294.1 ± 106.5 8.0 (−26.4 to 42.5) 0.646

   Hypopharynx 369.4 ± 116.1 368.3 ± 109.4 1.1 (−30.5 to 33.0) 0.948

MCA (mm2)

   Retropalatal 254.2 ± 133.4 253.8 ± 118.6 0.4 (−35.3 to 36.2) 0.981

   Retroglossal 243.1 ± 120.4 230.2 ± 97.8 12.9 (−18.2 to 44.0) 0.413

   Hypopharynx 276.3 ± 114.1 277.7 ± 110.7 −1.4 (−33.3 to 30.4) 0.930

Volume (mm3)

   Nasopharynx 7,097.9 ± 2,173.0 6,958.5 ± 1,980.1 139.4 (−449.6 to 728.5) 0.641

   Retropalatal 8,607.4 ± 3,640.5 8,935.9 ± 3,091.4 −328.5 (−1,285.8 to 628.8) 0.499

   Retroglossal 8,777.7 ± 4,342.8 8,639.2 ± 3,944.4 138.6 (−1,037.0 to 1,314.1) 0.816

   Hypopharynx 6,203.6 ± 2,120.7 6,289.8 ± 2,098.6 −86.2 (−683.8 to 511.4) 0.776

Values are presented as mean ± standard deviation.
Difference = RTP − LTP.
RTP, resting tongue position; LTP, low tongue position; ACA, average cross-sectional area; MCA, minimum cross-sectional 
area; CI, confidence intervals.
Significance analysis from independent t test, P < 0.05.



Zheng et al • Low tongue position affects upper airway

www.e-kjo.org 323https://doi.org/10.4041/kjod23.019

Ta
bl

e 
4.

 T
he

 m
ea

n 
di

ff
er

en
ce

s 
in

 u
pp

er
 a

irw
ay

 d
im

en
si

on
s 

be
tw

ee
n 

th
e 

re
st

in
g 

to
ng

ue
 p

os
it

io
n 

gr
ou

p 
an

d 
lo

w
 t

on
gu

e 
po

si
ti

on
 s

ep
ar

at
ed

 g
ro

up
s

M
ea

su
re

m
en

ts
R

T
P

 g
ro

u
p

(n
 =

 9
8)

LT
P

 g
ro

u
p 

(n
 =

 9
6)

M
ea

n
 (

95
%

 C
I)

P
 v

al
u

e
Q

1 
(n

 =
 1

5)
Q

2 
(n

 =
 2

7)
Q

3 
(n

 =
 4

1)
Q

4 
(n

 =
 1

3)

A
C

A
 (

m
m

2 )

   
N

as
op

h
ar

yn
x

35
0.

9 
± 

92
.2

33
7.

4 
± 

81
.2

32
3.

1 
± 

78
.8

34
6.

2 
± 

10
2.

7
37

8.
4 

± 
69

.3
34

6.
8 

(3
34

.0
–3

59
.7

)
0.

44
0

   
R

et
ro

p
al

at
al

33
4.

3 
± 

13
3.

1a
29

7.
1 

± 
13

1.
7a

32
5.

9 
± 

11
1.

9a
34

2.
0 

± 
10

2.
4a

43
8.

6 
± 

12
3.

3b
33

8.
9 

(3
21

.1
–3

56
.7

)
0.

03
4*

   
R

et
ro

gl
os

sa
l

30
2.

1 
± 

13
5.

1a
27

3.
1 

± 
11

4.
6a

28
4.

4 
± 

11
0.

6a
27

8.
1 

± 
82

.0
a

38
9.

1 
± 

11
8.

6b
29

8.
2 

(2
81

.0
–3

15
.4

)
0.

04
8*

   
H

yp
op

h
ar

yn
x

36
9.

4 
± 

11
6.

1
37

1.
1 

± 
16

5.
4

34
8.

9 
± 

10
2.

8
35

5.
5 

± 
73

.5
44

5.
9 

± 
11

8.
4

36
8.

9 
(3

52
.9

–3
84

.8
)

0.
11

0

M
C

A
 (

m
m

2 )

   
R

et
ro

p
al

at
al

25
4.

2 
± 

13
3.

4a
21

2.
8 

± 
11

6.
8a

24
4.

6 
± 

12
2.

8a
24

0.
2 

± 
97

.9
a

36
3.

1 
± 

12
2.

3b
25

4.
0 

(2
36

.2
–2

71
.9

)
0.

01
6*

   
R

et
ro

gl
os

sa
l

24
3.

1 
± 

12
0.

4
20

5.
9 

± 
10

1.
0

22
4.

9 
± 

10
2.

6
21

6.
6 

± 
79

.1
31

2.
1 

± 
10

6.
8

23
6.

7 
(2

21
.2

–2
52

.2
)

0.
05

1

   
H

yp
op

h
ar

yn
x

27
6.

3 
± 

11
4.

2
27

4.
4 

± 
15

3.
8

26
9.

0 
± 

10
5.

1
25

9.
7 

± 
84

.5
35

6.
8 

± 
11

6.
8

27
7.

0 
(2

61
.1

–2
92

.9
)

0.
10

1

V
ol

u
m

e 
(m

m
3 )

   
N

as
op

h
ar

yn
x

7,
09

7.
9 

± 
2,

17
3.

0
6,

78
7.

9 
± 

1,
70

4.
1

6,
62

2.
9 

± 
1,

82
6.

4
7,

00
1.

5 
± 

2,
27

0.
0

7,
71

6.
5 

± 
1,

52
6.

1
7,

02
8.

9 
(6

,7
35

.0
–7

,3
22

.8
)

0.
60

0

   
R

et
ro

p
al

at
al

8,
60

7.
4 

± 
3,

64
0.

5a
8,

01
7.

7 
± 

3,
55

4.
3a

8,
38

8.
2 

± 
3,

08
2.

8a
8,

79
9.

2 
± 

2,
53

6.
8a

11
,5

63
.9

 ±
 3

,0
98

.6
b

8,
76

9.
9 

(8
,2

92
.0

–9
,2

47
.9

)
0.

03
5*

   
R

et
ro

gl
os

sa
l

8,
77

7.
7 

± 
4,

34
2.

8a
7,

81
5.

2 
± 

4,
42

0.
3a

8,
35

0.
0 

± 
3,

70
4.

2a
7,

88
0.

0 
± 

2,
91

5.
8a

12
,5

85
.0

 ±
 4

,7
36

.2
b

8,
70

9.
2 

(8
,1

22
.9

–9
,2

95
.5

)
0.

00
6*

*

   
H

yp
op

h
ar

yn
x

6,
20

3.
6 

± 
2,

12
0.

7
6,

40
2.

9 
± 

2,
82

8.
1

5,
89

5.
1 

± 
2,

19
9.

0
6,

11
7.

7 
± 

1,
54

7.
1

7,
52

2.
0 

± 
2,

22
8.

4
6,

24
6.

3 
(5

,9
48

.2
–6

,5
44

.3
)

0.
21

4

V
al

u
es

 a
re

 p
re

se
n

te
d

 a
s 

m
ea

n
 ±

 s
ta

n
d

ar
d

 d
ev

ia
ti

on
.

R
T

P,
 r

es
ti

n
g 

to
n

gu
e 

p
os

it
io

n
; L

T
P,

 lo
w

 to
n

gu
e 

p
os

it
io

n
; C

I,
 c

on
fi

d
en

ce
 in

te
rv

al
s;

 A
C

A
, a

ve
ra

ge
 c

ro
ss

-s
ec

ti
on

al
 a

re
a;

 M
C

A
, m

in
im

u
m

 c
ro

ss
-s

ec
ti

on
al

 a
re

a.
a,

 b
Si

gn
if

ic
an

t i
n

tr
ac

la
ss

 d
if

fe
re

n
ce

s 
in

 th
e 

p
os

t-
h

oc
 a

n
al

ys
is

.
Si

gn
if

ic
an

ce
 a

n
al

ys
is

 fr
om

 A
N

O
V

A
, *

P
 <

 0
.0

5,
 *

*P
 <

 0
.0

1.



Zheng et al • Low tongue position affects upper airway

www.e-kjo.org324 https://doi.org/10.4041/kjod23.019

larger retroglossal and hypopharyngeal airways than fe-
males.

DISCUSSION

This study aimed to evaluate the association between 
tongue position and upper airway volume and dimen-
sions. No statistically significant differences were ob-
served in the size of the upper airway segments between 
the LTP and RTP groups. Gurani et al.17 conducted an 
MRI study to investigate the relationship between al-
tered head and tongue postures and the upper airway 
and found that raising or lowering the tongue did not 
significantly affect the retropalatal segment, oropha-
ryngeal segment, or total upper airway volumes. These 
findings were similar to those of the present study. In 
another CBCT study, Iwasaki et al.13 found that follow-
ing treatment with RME, the patients’ tongue positions 

were significantly elevated and the upper airway volume 
increased significantly. However, the authors claimed 
that the increase in airway volume was due to enlarge-
ment of the palate volume rather than the upward 
movement of the tongue.

Unlike previous studies, we divided the subjects in the 
LTP group into four subgroups according to the intra-
oral space volume for comparison with the RTP group. 
The results showed significant differences between sub-
group with the lowest tongue position (Q4) and the RTP 
group, in the average cross-sectional area and volume of 
the retropalatal and retroglossal airways. This suggested 
that, when patients have very LTP, the lower the tongue 
position, the greater the retropalatal and retroglossal 
airway dimensions. Hiyama et al.20 reported a significant 
increase in the forward growth of the maxillary and up-
per airway dimensions after the use of maxillary protrac-
tion appliances. A forward and downward tongue posi-

Figure 3. Column graph of mean differences among the 
RTP group and LTP subgroups. Statistical analysis from 
one-way ANOVA. Lowercase letters a and b indicate sig-
nificant (P < 0.05) intra-class differences in the post-hoc 
analysis.
RTP, resting tongue positon; LTP, low tongue position; 
ANOVA, analysis of variance.
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tion may lead to a forward position of the soft palate, 
resulting in increased retropalatal and retroglossal airway 
volumes.

Various methods have been used in previous studies to 
determine the tongue position. Staudt et al.21 analyzed 
the pharyngeal airways of 24 children using lateral ceph-
alograms. In this study, the authors connected landmarks 
V (vallecula, the depression behind the tongue root) and 
ST (the superior point of the tongue) and measured the 
length between the two points to determine the tongue 
position. Tarkar et al.8 used Rokosi analysis to measure 
tongue position. However, both of these studies were 
two-dimensional studies based on lateral cephalograms. 
In a three-dimensional study, Gurani et al.17 utilized MRI 
to observe tongue posture directly. This was a CBCT 
study, and because of the limitations of CBCT in soft 
tissue observation, the volume of the intraoral space was 
measured to indirectly determine the tongue position. 
This approach proved effective in previous studies.13

Additionally, we evaluated the associations between 
other factors and airway dimensions. We found that the 
ANB and PP-MP were negatively correlated with the vol-
ume and average cross-sectional area of the retroglossal 
and hypopharyngeal airways. According to a previous 
study, the volumes of the oropharyngeal and hypopha-
ryngeal airways were negatively correlated with the ANB 
angle.22 Zhong et al.23 found that there was a significant 

decrease in the upper airway dimensions in the three 
subgroups of patients with Angle’s classes III, I, and II, 
by order. While our conclusion aligned with theirs, we 
did not perform ANB-based Angle’s classification.

The upright sitting position was used for CBCT scans 
in our study. Ingman et al.24 used cephalometric meth-
ods to explore airway changes in patients in different 
positions and concluded that the shortest distance 
between the tip of the soft palate and the posterior 
oropharyngeal wall significantly changed in the supine 
position, and the tongue was significantly shorter and 
thicker in the supine position. Another cephalometric 
and electromyographic study showed that the soft pal-
ate thickness and posterior tongue pressure increased 
significantly when the patient changed from an upright 
position to a supine position.25

This study had several limitations. First, it was a static 
rather than a dynamic study, and it was not possible to 
observe the real-time effect of tongue position on air-
way morphology. Dynamic imaging techniques such as 
sleep MRI are reliable for dynamic airway structure anal-
ysis.26 Second, subjects in this study ranged in age from 
18 to 58 years, but there were no age-matched controls 
in our study. Martin et al.27 reported that the upper air-
way dimensions decrease with age. In addition, the Q1 
(n = 15) and Q4 (n = 13) subgroups had smaller sample 
sizes, which may be because subjects with minimal and 
extremely large intra-oral spaces are rare. Differences in 
sample sizes between subgroups can be overcome using 
statistical calculations. Finally, the effect of body mass 
index (BMI) on airways was not considered in this study. 
According to a previous study, the BMI of the Korean 
population in 2018 was reported 24.6 for male and 23.4 
for female, based on the Korea National Health and Nu-
trition Examination Surveys (KNHANES).28

The results of the present study have important clini-
cal implications. This study evaluated the association 
between the upper airway dimensions and tongue posi-
tion inside the oral cavity, which could be influenced 
by several factors or treatments, including ankyloglos-
sia, transverse discrepancies, and appliances that cause 
changes in tongue position. Orthodontists could provide 
insights into the tendency of changes in airway dimen-
sions if the planned treatment affects the tongue po-
sition inside the oral cavity. Orthodontists, therefore, 
could implement techniques in the treatment plan that 
could affect the tongue position to induce favorable 
changes in narrow airways. Further investigations with 
larger sample size are required to investigate influence 
of tongue position on the airway in patients who have 
obstructive sleep apnea.

Table 5. Summary of regression analysis results of the 
effects of age, sex, ANB, SN-MP, ODI, PP-MP, and FMA on 
the upper airway

P value R2

ACA (mm2)

   Nasopharynx 0.133 0.129

   Retropalatal 0.004 0.220

   Retroglossal < 0.001 0.379

   Hypopharynx 0.001 0.260

MCA (mm2)

   Retropalatal < 0.001 0.303

   Retroglossal < 0.001 0.400

   Hypopharynx < 0.001 0.307

Volume (mm3)

   Nasopharynx 0.737 0.056

   Retropalatal 0.004 0.224

   Retroglossal < 0.001 0.375

   Hypopharynx < 0.001 0.399

ACA, average cross-sectional area; MCA, minimum cross-
sectional area; R2, coefficient of determination.
See Table 2 for definitions of measurement.
Significance analysis from regression analysis, P < 0.05.
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CONCLUSIONS

Except for the extremely LTP, the effect of tongue po-
sition on the upper airway volume and dimensions was 
not significant in this study. The intraoral space volume 
was positively correlated with the retroglossal and hy-
popharyngeal airway segments, while ANB and PP-MP 
were negatively correlated. Male patients generally had 
larger retroglossal and hypopharyngeal airway dimen-
sions compared to female patients.
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