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[Abstract] Objective To analyze the relationship between tongue volume, tongue position, dental and skeletal pa-
rameters in adult patients with different skeletal malocclusions, providing references for the etiology, diagnosis, and treat-
ment of skeletal malocclusions. Methods This study has been reviewed and approved by the Ethics Committee, and in-
formed consent has been obtained from patients. Cone-beam computed tomography (CBCT) and cephalometric radio-
graphs were collected from 60 adult patients, divided into three groups based on ANB angle values: skeletal Class I
(0° < ANB < 4°), 1II (ANB > 4°), and III (ANB < 0°), with 20 cases in each group. Dental and skeletal parameters were
measured using Dolphin software. Mimics software was used for 3D reconstruction of the tongue, oral cavity, and upper
airway to measure tongue position, tongue volume, oral cavity volume, and upper airway volume, followed by statistical
analysis. Results The skeletal Class III group had significantly larger tongue and oral cavity volumes than the skeletal

Class I and Class II groups (P = 0.02). Tongue length in the skeletal Class III group was also greater than in the skeletal
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Class I and Class II groups (P = 0.016). There was no significant difference in the ratio of tongue volume/oral cavity ca-

pacity among the three skeletal malocclusion groups (P > 0.05). Tongue volume was positively correlated with U1-SN and

negatively correlated with overbite and overjet (P < 0.05). Additionally, tongue volume showed a significant positive cor-

relation with Go-Gn and Pg-Np (P < 0.01), as well as with maxillary and mandibular dental arch width and basal bone
arch width (P < 0.01). Upper airway volume was positively correlated with TT-VRL and TP-VRL (P < 0.05). Conclu-

sion Patients with skeletal Class III malocclusion have larger tongue volumes and longer tongues. Patients with larger

tongue volumes may also have larger, more forward-positioned mandibles. Patients with more posterior tongue positions

may have smaller upper airway volumes. When developing orthodontic or orthognathic treatment plans, it is crucial to

consider the relationship between tongue position, tongue volume, the jaws, and the airway to ensure optimal outcomes

for both dental and orofacial function.

[Key words] tongue volume; tongue position; skeletal malocclusion; oral cavity capacity; oral cavity proper vol-

ume; upper airway; mandible; CBCT; lateral cephalogram;
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Table 1 2D parameters for cephalometric radiographs

Parameters

Definition

Parameters measuered by Dolphin  SNA/°
SNB/°
ANB/°
MP-SN/°
ANS-PNS/mm
Go-Gn/mm
ANS-Me/N-Me
S-Go/N-Me
A-Np/mm
Pg-Np/mm
UL-SN/°
L1-MP/°
U1-Np/mm
L1-Np/mm
Ob/mm
Oj/mm

Parameters measuered by Mimics ~ Maxillary dental arch width/mm

Mandibular dental arch width/mm

Maxillary basal bone arch width /mm

Mandibular basal bone arch width /mm

TGL/mm
TGH/mm

TT-VRL/mm
TP-VRL/mm
TD-PP/mm

TT-PP/mm

Position of maxilla relative to skull

Position of mandible relative to skull

Positional relationship between maxilla and mandible
Mandibular inclination

Maxillary length

Corpus mandibulae length

Ratio of lower to total facial height

Ratio of posterior to anterior facial height

Vertical distance from A point to Np

Vertical distance from pogonion to Np

Inclination of maxillary central incisor

Inclination of mandibular central incisor

Protrusion of maxillary central incisor

Protrusion of mandibular central incisor

Overbite

Overjet

The distance between the most convex lingual points of the maxillary

first molar crowns

The distance between the most convex lingual points of the mandibular
first molar crowns

Distance between maxillary zygomatic arch points

The distance between the buccal cortical points corresponding to the re-
sistance center of the mandibular first molar

Tongue length, distance from tongue tip to epiglottis base

Tongue hight. When the TT-EB line is translated to be tangent to the
tongue dorsum, the vertical distance between the tangent point and the
TT-EB connection

Vertical distance from TT to VRL

Vertical distance from TP to VRL

Tongue dorsum height. When the palatal plane is translated to be tan-

gent to the tongue dorsum, the vertical distance between the tangent

point and the palatal plane

Vertical distance from TT to PP

SNA: angle between sella, nasion and subspinale point A. SNB: angle between sella, nasion and supramentale point B. ANB: angle between subspinale
point A and supramentale point B. MP- SN: angle between SN plane and the mandibular plane angle. ANS- PNS: distance from anterior nasal spine to
posterior nasal spine.Go-Gn: distance from gonion to gnathion. ANS-Me/N-Me: the ratio of the lower anterior facial height relative to the total anterior fa-
cial height. S-Go/N-Me: the ratio of the posterior total facial height to the anterior total facial height.Np: vertical line extended from nasion perpendicular
to the Frankfort horizontal plane.A-Np: vertical distance from A point to Np.Pg-Np: vertical distance from pogonion to Np. U1-SN: angle between upper
mesial incisor, and SN plane. L1-MP: angle between lower mesial incisor and mandibular plane.U1-Np: vertical distance from upper mesial incisor to Np.
L1-Np: vertical distance from lower mesial incisor to Np.Ob: overbite.Oj: overjet. TGL: tongue length.TGH: tongue hight. VRL: vertical line extended from
sella perpendicular to the Frankfort horizontal plane. TT: tip of togue.TP: the most posterior point of tongue.TD: the most close point to tongue from pala-

tal plane.PP: palatal plane.TT-VRL: vertical distance from TT to VRL. TP-VRL: vertical distance from TP to VRL. TD-PP: vertical distance from TD to

PP. TT-PP: vertical distance from TT to PP
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VRL: vertical line extended from sella perpendicular to the Frank-
fort horizontal plane. FH: Frankfort horizontal plane. ANS: anterior
nasal spine. PNS: posterior nasal spine.PP: palatal plane.EB: base
of epiglottis.TT: tip of togue.TP: the most posterior point of tongue.
TH: the most far point of tongue from EB-TT line. TD: the most
close point of tongue to palatal plane. (1)TGL: tongue length; (2)
TGH: tongue hight; (3)TT-VRL: vertical distance from TT to VRL;
(4)TP-VRL: vertical distance from TP to VRL; (5)TD-PP: vertical
distance from TD to PP; (6)TT-PP: vertical distance from TT to PP

Figure 1 2D parameters of tongue

B 1 Sk 455

$ 132 =4EE N K CBCT B DICOM #dla & A
Mimics FF 4T = 4 B IR ALIE kL. 2% Ding
SEVRIIESE K AT (tongue volume, TV) FY I B 5E
HEH, FRASEH R AT T PP A B
Lo AR REIR, G F I B AR (oral
cavity proper volume, OCPV )l & 5 Fl I+ 5 2 [H] 1Y
2R R T 5 R Z 23 6] . 7% Truong %
BT 5T, S IE IR TR (upper airway volume, UAV) Y
B FUE N S KU PNS RUELIE B, N AN &
i Eb A4 T FH AT A1 . 7R 2OR TR K
KT b SRR, B AR A b b GE
AR . —4E #5313 TV .OCPV K UAV(512) .
1 B 45 [ A 10 s K & 44, BT s AR FH (oral cavity
capacity, OCC) Y3158 TV+OCPV, 2R J5 FE 5. TV/
OCC B LU fEL, 13 2 AR 1

m  Upper airway
Propria oral cavity

Tongue

Figure 2 Reconstruction of the tongue, propria oral cavity and

upper airway

B2 A CEA O R

14 %it 547

R T IFAREA R e T TSR A A A
541, TR E AR A BobrifE 2 . A5 RARA
G*Power BAF AT (1-8 = 0.80,a = 0.05) , B4
HEDTENTHRF . FrA B i R — A5 35 58 i)
D 7 ) — 25 PF IR 2 W, T B 1. K e i
(HIEATA NAHE R B BT (1CC) |, F5 1 2 Y] i f —
Pk B 1F(0.79-0.91, P < 0.05) , B v 2 1 7 Y 1
VER SRR . BB 5 A SPSS 29.0 F 204 T8
8T . R Kolmogorov-Smirnov 15 X} 2% 21 £ 8 17
WESMERE , K Levene WK 56 7 22 55 M . fdi FH 5
7 220 A Bonferroni 25 Ji5 K6 5686 e 558 3 2H Bt
P25 TR R RECK TS IR S £ 5
BZ IR o AR AN R IE S A sy 224855,
R 1 3E S8 Kruskal -Wallis 46 5 2647 20 6] b4, IF
T Spearman A6 RECK A SEZ M LR .

2 & B
2.1 AR FAARE R

WFFE X R AR (24.58 + 4.84) %, & 2H (A1 4R
JE T 55 G (S-Go/N-Me ) A U TG b 35 1 25 5, B bR
A AT PE ANB M4l ) 22 R b A it X
(F=96.795,P < 0.001), W2,

K2 AROFTERA AN AL A B A B

Table 2 Basic information of adult patients with different skeletal malocclusions included in this study

Parameters Skeletal Class 1 (n = 20) Skeletal Class II (n = 20) Skeletal Class Ill (n = 20) F P
Agelyears 25.65 + 5.15 24.55 +4.30 23.55 +5.05 0.938 0.397
ANB/mm 2.28 £ 1.17 5.50 + 1.06 -2.74 + 2.66 96.795 < 0.001
S-Go/N-Me 0.67 £ 0.04 0.64 + 0.04 0.65 + 0.07 2.249 0.115

ANB: angle between subspinale point A and supramentale point B. S-Go/N-Me: the ratio of the posterior total facial height to the anterior total facial height
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Table 3 Differential analysis of tongue position and volume in adult patients with different skeletal malocclusions

Skeletal Class I

Skeletal Class Il

Skeletal Class IIl

Parameters F pe Post hoc®

(n = 20) (n = 20) (n = 20)
TGL/mm 67.86 + 4.52 67.27 + 5.98 71.7 +4.73 4.435 0.016 I>1I;m>1
TGH/mm 35.46 + 4.64 34.01 +4.93 36.83 + 4.76 1.736 0.185
TT-VRL/mm 64.32 + 8.78 70.72 + 6.58 69.48 + 6.43 4.269 0.021 nm>1
TP-VRL/mm 5.1 +1.98 7.07 + 491 7.15 £ 3.49 2.001 0.108
TT-PP/mm 25.11 +3.38 25.71 = 5.05 26.12 + 4.62 0.266 0.768
TD-PP/mm 5.71 £291 74 +4.04 7.04 +4.57 1.039 0.403
TV/em? 43.51 +8.92 43.27 + 8.57 50.56 + 9.52 4.222 0.02 > 1I;m>1
OCPV/em? 4.1 £ 1.41 3.52+£233 6.02 + 4.68 3.512 0.153
0CC/em? 47.61 + 8.65 46.79 + 8.41 5533 £ 12.2 4.527 0.015 m>1m;m>1
TV/OCC 0.91 £ 0.04 0.92 £ 0.05 0.90 + 0.06 1.034 0.499
UAV/em? 22.19 £ 6.33 2395 +7.2 27.77 + 6.41 3.671 0.032 m>1

a: P value represents the result of the analysis of variance. b: statistically significant results(P < 0.05)of the post hoc tests. TGL: tongue length. TGH:

tongue hight. TT: tip of togue. VRL: vertical line extended from sella perpendicular to the Frankfort horizontal plane. TP: the most posterior point of

tongue. TD: the most close point of tongue to palatal plane. TT-VRL: vertical distance from TT to VRL. TP-VRL: vertical distance from TP to VRL. TT-

PP: vertical distance from TT to PP. TD-PP: vertical distance from TD to PP. TV: tongue volume. OCPV: oral cavity proper volume. OCC: oral cavity ca-

pacity. UAV: upper airway volume
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Table 4 Correlation analysis of tongue volume with tooth, bone and tongue position parameters

in adult patients with different skeletal malocclusions

Parameters r P Parameters r P
ANB -0.308 0.017 L1-Np 0.376 0.003
SNA 0.261 0.044 Maxillary dental arch width /mm 0.548 < 0.001
SNB 0.448 < 0.001 Maxillary basal bone arch width /mm 0.417 < 0.001
MP-SN -0.206 0.114 Mandibular dental arch width /mm 0.544 < 0.001
ANS-PNS 0.311 0.016 Mandibular basal bone arch width /mm 0.487 < 0.001
Go-Gn 0.525 < 0.001 0OCPV -0.078 0.551
S-Go/N-Me 0.119 0.364 0cC 0.895 < 0.001
ANS-Me/N-Me 0.372 0.003 TV/OCC 0.402 0.001
UI-SN 0.378 0.003 TGL 0.203 0.121
L1-MP 0.002 0.987 TGH 0.528 < 0.001
Ob -0.404 0.001 TT-VRL 0.516 < 0.001
0j -0.51 < 0.001 TP-VRL 0.144 0.272
A-Np 0.119 0.366 TD-PP -0.022 0.868
Pg-Np 0.39 0.002 TT-PP 0.573 < 0.001
U1-Np 0.361 0.005

ANB: angle between subspinale point A and supramentale point B. SNA: angle between sella, nasion and subspinale point A. SNB: angle between sella,

nasion and supramentale point B. MP- SN: angle between SN plane and the mandibular plane angle. ANS- PNS: distance from anterior nasal spine to pos-

terior nasal spine. Go-Gn: distance from gonion to gnathion. S-Go/N-Me: the ratio of the posterior total facial height to the anterior total facial height. ANS-

Me/N-Me: the ratio of the lower anterior facial height relative to the total anterior facial height. UI-SN: angle between upper mesial incisor and SN plane.

L1-MP: angle between lower mesial incisor and mandibular plane.Ob: overbite. Oj: overjet. Np: vertical line extended from nasion perpendicular to the

Frankfort horizontal plane. A-Np: vertical distance from A point to Np. Pg-Np: vertical distance from pogonion to Np. Ul-Np: vertical distance from upper

mesial incisor to Np. L1-Np: vertical distance from lower mesial incisor to Np.TV: tongue volume. OCPV: oral cavity proper volume. OCC: oral cavity ca-

pacity. TGL: tongue length. TGH: tongue hight. VRL: vertical line extended from sella perpendicular to the Frankfort horizontal plane. TT: tip of togue.

TP: the most posterior point of tongue. TD: the most close point of tongue to palatal plane. PP: palatal plane. TT-VRL: vertical distance from TT to VRL.
TP-VRL: vertical distance from TP to VRL. TD-PP: vertical distance from TD to PP. TT-PP: vertical distance from TT to PP

RS AFEVERIE A ESH 1 EAOERRS H AR E AL
BESRREE T
Table 5  Correlation analysis of upper airway volume with
tongue volume and tongue position parameters in adult patients

with different skeletal malocclusions

Parameters r P

TV 0.124 0.345
OCPV 0.101 0.443
occ 0.158 0.229
TV/OCC -0.047 0.719
TGL 0.23 0.077
TGH 0.14 0.285
TT- VRL 0.262 0.043
TP- VRL 0.278 0.032
TD- PP 0.037 0.782
TT- PP 0.059 0.655

TV: tongue volume. OCPV: oral cavity proper volume. OCC: oral cavity ca-
pacity. TGL: tongue length. TGH: tongue hight. TT-VRL: vertical distance
from TT to VRL. TP-VRL: vertical distance from TP to VRL. TD-PP: verti-

cal distance from TD to PP. TT-PP: vertical distance from TT to PP
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