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— Abstract

assimilated, and there was no difference in the shape according to age.

It is recommended that the horizontal insertion point of the anesthesia from the anterior border of the ramus
increased to 17 mm, 18 mm, and 19 mm according to the age groups. It is also suggested that the vertical insertion
point increased by 2 - 3 mm, 5 - 6 mm and 9 - 10 mm above the occlusal plane according to the age groups.
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The purpose of this study is to evaluate the position of the mandibular foramen and location and morphological
characteristics of the mandibular lingula using Cone-Beam Computed Tomography (CBCT).

Mandibular CBCT images of children aged 6 - 16 years were collected. A total of 180 patients were divided into 3
groups, 6 - 7, 10 - 11 and 15 - 16 years, with 30 male and female patients per group. Either side of the ramus was
analyzed. The shortest distances from the anterior, posterior, superior and inferior border of the ramus to the mandibular
lingula were measured. The shortest distance between the mandibular lingula and the mandibular foramen was also
measured. The vertical distance from the mandibular lingula and the mandibular foramen to the occlusal plane was
measured. The shapes of the mandibular lingula was classified into 4 types according to the criteria.

The distances of the mandibular lingula from the anteroposterior and vertical reference points of the ramus increased
in all directions with age. The distance between the mandibular lingula and the mandibular foramen also increased
with age. The location of the mandibular lingula and the mandibular foramen in relation to the occlusal plane moved
upwards with age. The most common shape of the mandibular lingula was triangular, followed by nodular, truncated and
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Table 2. Measurements of mandibular ramus morphology

Measurements Definition
The point at the greatest concavity of the
A .
anterior border of the ramus
The point at the greatest concavity of the
P .
posterior border of the ramus
S The most inferior point of the superior border
of the ramus(mandibular notch)
| The most superior point of the inferior border
of the ramus(antegonial notch)
MF Mandibular foramen
ML Mandibular lingula
OopP Occlusal plane
Distance from the anterior border of the ramus
A-ML . .
to the mandibular lingula
Distance from the posterior border of the ramus
P-ML . .
to the mandibular lingula
S-ML Distance from the superior border of the ramus
(mandibular notch) to the mandibular lingula
I-ML Distance from the inferior border of the ramus
(antegonial notch) to the mandibular lingula
Distance from the mandibular lingula to the
ML-MF .
mandibular foramen
ML-OP Distance from the mandibular lingula to the
occlusal plane
MF-OP Distance from the mandibular foramen to the

occlusal plane

Fig 1. Reference points of the mandibular ramus. A: anterior
border, P: posterior border, S: superior border(mandibular
notch), I: inferior border(antegonial notch), ML: mandibular
lingula, MF: mandibular foramen, OP: occlusal plane.

1) SforAdol MBWH U ST 9K
SOLX| LjO A Shetaol SIKIE BIKet7| s sfotxlel
o, 9, 49, steio] I UL NHORLE sloaNtA|)

2) Shet 201K BketB Afo|e| 72|
St HOIA SLBIXISl AIEARIMLMAS SHHRACH
2

(Table 2, Fig. 2B).

12

Fig 2. Measurements of mandibular lingula and mandibular
foramen from the various landmarks. (A) A-ML: Distance
from the anterior border of the ramus to the mandibular
lingula, P-ML: Distance from the posterior border of the ra-
mus to the mandibular lingula, S-ML: Distance from the su-
perior border of the ramus to the mandibular lingula, I-ML:
Distance from the inferior border of the ramus to the man-
dibular lingula. (B) ML-MF: Distance from the mandibular
lingula to the mandibular foramen, ML-OP: Distance from
the mandibular lingula to the occlusal plane, MF-OP: Dis-
tance from the mandibular foramen to the occlusal plane.
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Fig. 3. The shapes of the lingula are classified into 4 types on CBCT images. (A) Nodular. (B) Triangular. (C) Truncated. (D) As-
similated.
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S=0lM 0.87 0|22 LIEFGLY. 240 Xto|E EO|X| Y%L (Table 4, p = 0.063, 0.055, 0.423), &

15 2+ X}O| = LtEHLEX] QEQkCH(Table 3, p = 0.410, 0.631, 0.283).

4. sAEA SHUR| =AM Bt A MRS HE|(P-MLE 6 - TM 12.52

+ 130 mm, 10 - 114l 1249 = 131 mm, 15 - 16M| 1348 +

2t S50 thel B X BEHEAE FSHQACE 2 S=0|AM E 1.83 mmZ 15 - 16A HBM FoSHA B715t= YdsS B

20| w2 xto| FRE =lst?| Ysto S E t-2 Y (Paired ChTable 3, p = 0.000). S Yt AP0 M= HHof 2 X0|E

67



J Korean Acad Pediatr Dent 48(1) 2021

EO|X| &UCHTable 3, p = 0.177, 0.794, 0.134).

SttX|of T A2Z|off Thel SHAX| T HOA SHAAETK]|
9| 7{2|9| H|(A-ML/A-P)E 6 - 7Ml 57.12%, 10 - 114 59.31%,
15 - 16M| 58.93%2 ZE AHO|M SHAX| T 2¢O F
YECE ofzk o) XU, Hd 2F 10 - 11M[0] 57t
St YAS 2 CKTable 5,0 = 0.000, 0.039).

2. St X|off Cish sefaE o

AL
45

x

X 9/%|

SHOFR| A0 A SFAAMTEX|Q] HE|(S-ML)= 6 - 7 12.21
+ 1.69 mm, 10 - 11M 13.58 + 1.56 mm, 15 - 16A| 15.14 +

237 mmO|AS

1

SHotx| SHel0) A 3}

o pS|
o

X2 AE[(-MU)

=6 - 7M 2427 £ 218 mm, 10 - 11M 27.21 £ 2.51 mm, 15 -

Table 3. Comparison of measurements in males and females per age category

6 - 7 years 10 - 11 years 15 - 16 years
Sex Mean + SD Mean £ SD Mean + SD P

mm mm mm
Male 16.56 + 1.63° 1838 + 2.25 19.67 + 2.60° 0.000
AML Female 16.81 + 1.64° 18.18 + 2.26 19.18 + 2.33° 0.000
Total 16.68 + 1.64° 18.28 + 2.25 1943 + 247" 0.000

p 0410 0.631 0.283
Male 12.68 + 1.40° 1246 + 1.35° 1373 £ 1.77° 0.000
b-ML Female 1252 + 1.19° 1252 + 1.29° 1323 + 187° 0.003
Total 12.52 + 1.30° 1249 + 1.371° 1348 + 1.83° 0.000

p 0.177 0.794 0.134
Male 1218 + 143° 1346 + 1.71° 15.97 + 243" 0.000
S-ML Female 12.24 + 1.93° 1369 + 141° 1432 + 2.02° 0.000
Total 12.21 + 1.69° 1358 + 1.56 15.14 + 2.37° 0.000

P 0.844 0425 0.000
Male 24.69 £ 2.36° 27.28 + 2.62° 3337 £ 318 0.000
ML Female 23.86 £ 1.91° 2714 + 2.42° 30.71 £ 3.35° 0.000
Total 2427 £ 2.18° 2721 + 251 32.04 £ 3.52° 0.000

p 0.036 0.751 0.000
Male 643 + 1.02° 6.61 + 1.15° 744 + 120 0.000
MLME Female 5.92 + 0.86° 6.51 + 0.88° 6.85 + 1.11° 0.000
Total 6.18 + 0.97° 6.56 + 1.02° 715 + 1.19° 0.000

p 0.008 0.605 0.516
Male 1.19 £ 1.89° 373 +201° 855 + 2.72° 0.000
ML-OP Female 1.75 £ 1.95° 453 + 204 9.01 + 2.85° 0.000
Total 147 £ 1.94° 413 + 206" 878 + 278 0.000

p 0.114 0.031 0.362
Male -4.45 + 1.94° 203 +191° 1.50 + 2.66° 0.000
ME-OP Female -325 ¢ 2.27° 127 +2.20° 2.75 £ 3.03° 0.000
Total -3.85 £ 2.19° -1.65 + 2.08 212 £ 291° 0.000

p 0.002 0.047 0.017

p value from one-way ANOVA in the row, post hoc
a,b,c: Different letters indicate significant differences (p < 0.05)
p value from independent t-test in the colums

A-ML: distance from the anterior border of the ramus to the mandibular lingula, P-ML: distance from the posterior border of the ramus to the mandibular
lingula, S-ML: distance from the superior border of the ramus(mandibular notch) to the mandibular lingula, I-ML: distance from the inferior border of the
ramus(antegonial notch) to the mandibular lingula, ML-MF: distance from the mandibular lingula to the mandibular foramen, ML-OP: distance from the
mandibular lingula to the mandibular foramen, MF-OP: Distance from the mandibular foramen to the occlusal plane, SD: standard deviation
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16M| 32.04 + 3.52 mmZE HO|| 2} 282 F715t= A2 &
R CHTable 3, p = 0.000). X220 EHUS LSt TOA X}0|

£ HO|X| LUCKTable 4, p = 0.748, 0.858, 0.081, p = 0.542,
0.247, 0.294). SHAX| &AM SAYAMNX[2] AHE2|= 15 - 16
M oA X7 2 22 B (Table 3, p = 0.000) X
StAOIA St AMMK|C Hels 6 - 7 M2t 15 - 164 Z0IIAM
AL OXHECH |Ol5HA 2 42 ERACHTable 3, p = 0.036,
0.000).

SHOfX| Q| &5t =00 CHol SHofX| HAHUM StetadtK|
Az2|9| H|(S-ML/S-)E 6 - 7TM0fl 33.45%, 10 - 11MI0f 33.31%,
15 - 16M[0] 32.13% =2 ZE ABOAM SHAX[Q| MM 1/3%
olof sttAMO| YXSte 2te A2, 15 - 16M O XtOl|Af
FOISHH AASHe A4S E/UCHTable 5, p = 0.007).

_ oo=2

Table 4. Comparison of measurements between the right and left sides

J Korean Acad Pediatr Dent 48(1) 2021

Abole] Az

AtO|2] ZHE|(ML-MF)E 6 - 7M 6.18 +
1M 656 + 1.02 mm, 15 - 16M| 7.15 + 1.19
mmZ AYO| ZIHE+F F7t5ts ae EATHTable 3, p =
0.000). XM= 15 - 16M TOIM B7t5Hs S48 EUD
(Table 3, p = 0.000), O{AtO M= 10 - 114 ZO|M B7tet= &
M-S ERCHTable 3, p = 0.000). 6 - 7A TOlA EXt7F O XLOf|

bls RolstA 2 L2 2 LIEFSCHTable 3, p = 0.008).

weHEHO| O St Eol YX|(ML-OP)= 6 - 7A| 147 +

Age Right Left
Years Mean + SD Mean = SD P
mm mm

A-ML 6-7 16.76 + 1.59 16.61 + 1.69 0.063
10 -1 18.32 + 2.30 18.25 + 2.21 0.055
15-16 1944 + 2.57 19.34 + 246 0423
P-ML 6-7 1247 +1.37 12.56 + 1.23 0.400
10 - 11 1244 £ 124 12.53 + 138 0.624
15-16 1344 + 1.84 13.52 + 1.83 0.093
S-ML 6-7 12.20 + 1.67 1223 £ 1.73 0.748
10 - 11 13.58 + 1.59 13.57 + 1.55 0.858
15-16 15.23 + 245 15.06 + 2.31 0.081
[-ML 6-7 2424 + 234 2430 £ 2.02 0.542
10 - 11 2717 £ 2.55 2725 £ 2.50 0.247
15-16 31.96 + 3.67 3211 £ 339 0.294
ML-MF 6-7 5.95 + 0.21 6.26 £ 0.13 0.083
10 - 11 6.56 + 0.14 6.56 £ 0.13 0972
15-16 7.14 + 0.16 749 £ 036 0.297
ML-OP 6-7 129 + 0.27 153 +024 0.099
10 - 11 412 £0.29 413 £ 0.25 0.809
15-16 8.84 £ 0.38 871+ 034 0431
MF-OP 6-7 -3.96 + 2.21 -3.74 £ 217 0.386
10-11 -1.67 £ 2.24 -1.64 + 1.93 0.084
15-16 224 +3.09 201 £ 274 0.156

p value from paired t-test

A-ML: distance from the anterior border of the ramus to the mandibular lingula, P-ML: distance from the posterior border of the ramus to the mandibular
lingula, S-ML: distance from the superior border of the ramus(mandibular notch) to the mandibular lingula, I-ML: distance from the inferior border of the
ramus(antegonial notch) to the mandibular lingula, ML-MF: distance from the mandibular lingula to the mandibular foramen, ML-OP: distance from the
mandibular lingula to the mandibular foramen, MF-OP: Distance from the mandibular foramen to the occlusal plane, SD: standard deviation
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Table 5. Comparison of the horizontal and vertical location of the mandibular lingula among age groups

6 - 7 years 10 - 11 years 15 - 16 years
Mean £ SD Mean + SD Mean £ SD p
% % %
A-ML/A-P Male 56.65 + 2.89° 5951 + 3.79° 58.81 + 4.54° 0.000
Female 57.60 + 3.33° 59.11 + 349° 59.05 + 4.06" 0.039
Total 5712 £ 3.14° 5931 + 3.63° 5893 + 4.29" 0.000
S-ML/S-I Male 33.08 £ 3.62 33.06 + 343 3239 + 4.86 0.566
Female 3381 £ 366° 3356 + 2.79° 3188 +421° 0.007
Total 3345 + 364° 3331+ 3.12° 3213 + 453° 0.014

p value from one-way ANOVA, post hoc
a,b: Different letters indicate significant differences (p < 0.05)

A-ML: distance from the anterior border of the ramus to the mandibular lingula, A-P: distance from the anterior border of the ramus to the posterior border
of the ramus, S-ML: distance from the superior border of the ramus(mandibular notch) to the mandibular lingula, S-I: distance from the superior border of
the ramus(antegonial notch) to the inferior border of the ramus(antegonial notch), SD: standard deviation

Table 6. Position of the mandibular lingula and mandibular foramen relative to the occlusal plane

6 - 7 years 10 - 11 years 15 - 16 years
% % %
Male Female Male Female Male Female
Mandibular lingula Below 217 217 0.0 0.0 0.0 0.0
Equal 33 0.0 6.7 0.0 0.0 0.0
Above 75.0 783 933 100.0 100.0 100.0
Mandibular foramen Below 100.0 100.0 90.0 70.0 26.7 6.7
Equal 0.0 0.0 0.0 10.0 0.0 1.7
Above 0.0 0.0 10.0 20.0 733 81.6

Below: below the occlusal plane, Equal: occlusal plane position, Above: above the occlusal plane

1.94 mm, 10 - 11M 4.13 = 2.06 mm, 15 - 16A| 8.78 + 2.78
mm0f| YIX|St= A2 LIEHHCHTable 3). EH 25 AHO|| o}
2t St A H0| UHEHES 7|FECR HA JUOR 0|Fdot= ¥
A2 EHCHTable 3, p = 0.000). StLAMO| 2X|= 2E Y
CHOIA! EAHECH OfXHOf A & EH0f /IX I6+E NOZ LIEtoLt
9l XH0l& 10 - 1TMOMEE Ro tE

3, p = 0031). StAALHO| WPHEH 6}%;0“ |X|5t=

- 7O 21.7% % LIHX| AEo M 25 Aol f|X|SHACH
(Table 6).

ﬁ

H O —_
wetEH| it sl52 YIX|(MF-OP)E 6 - 7M| -3.85 +

219 mm, 10 - 114l -1.65 + 2.08 mm, 15 - 16A| 2.12 + 2.91

mmOf| YX[Sh= A2 LIEH{CH(Table 3). HH 25 HAZO| L}

of stot50] Wt EH oYM dYo = 0|Fohs Py &
0.

ChTable 3, p = 0.000). 3tAE2| ?IKl= 2= YA HAL

70

HEp XA g0

°30| DB ot

Ol M 26.7%, O XHOj| A

N orM_ (Table 9, p = 0.000), 1
Ef7 Z2EYa SeHol s ol {X[s

0.037).

| *IX[ete A2 LIEIGH SAHSH
2 {9/t X407t AUCKTable 3, p = 0.002, 0.047, 0.017). &}
Ol |IXISte B27t 6 - 7M[0 U 25
100%, 10 - 11M| EXto A 90%, KIXFOIAl 70%, 15 - 16Al HAt

6.7%= LIE5CHTable 6).



Table 7. The symmetry of the shape of the mandibular lingula
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6 - 7nyears 10 - 1:1 years 15 - 1? years Total
Male Female Male Female Male Female
Bilateral 27 27 30 27 27 26 164
Unilateral 3 3 0 3 3 4 16
Total 30 30 30 30 30 30 180
Bilateral: same shape on both sides, Unilateral: different shape on both sides
Table 8. Comparison of the lingula shape between the age groups
Shape
Nodular Triangular Truncated Assimilated P)
n n n n Total
(%) (%) (%) (%)
Right Left Right Left Right Left Right Left
6-7years 13 (21.6) 1(183) 30(500) 33(550) 10(16.7) 10 (16.7) 7(11.7) 6 (10.0) 120 0.818
10 - 11 years 15 (25.0) 6(26.7) 27 (45.0) 7 (45.0) 7(11.7) 5(83) 1(183) 2 (20.0) 120
15 - 16 years 13 (21.6) 1(183) 28(467) 30(50.0) 0(16.7) 2 (20.0) 9 (15.0) 7(11.7) 120
Total 41 (22.8) 8 (21.1) 85472 0 (50.0) 7(15.0) 27 (15.0) 7 (15.0) 5(13.9) 360
p value from chi-squared test
Table 9. Position of the mandibular lingula according to the shape
Shape
Nudular Triangular Truncated Assimilated P
% % % %
A-ML/A-P 6 - 7 years 57.73 £ 402 57.26 + 3.16 56.81 + 2.52 55.83 £ 1.56 0.336
10 - 11 years 59.56 + 3.31 5943 + 3.81 6049 + 349 58.06 + 3.57 0.240
15 - 16 years 5747 £ 3.25% 60.03 + 4.26° 60.01 + 398 55.65 + 4.16¢ 0.000
S-ML/S-I 6 - 7 years 3516 + 233 33.06 £ 417 32.57 £ 342 3352+ 219 0.063
10 - 11 years 3403 +2.20° 3266 + 3.20° 3225 +222% 3443 +3.90° 0.037
15 - 16 years 3323 £ 352 3211 £ 492 31.65 £ 5.22 3123 +£325 0.385

p value from Kruskal-Wallis test, post hoc
a,b,c: Different letters indicate significant differences (p < 0.05)

A-ML: distance from the anterior border of the ramus to the mandibular lingula, A-P: distance from the anterior border of the ramus to the posterior border
of the ramus, S-ML: distance from the superior border of the ramus(mandibular notch) to the mandibular lingula, S-I: distance from the superior border of
the ramus(antegonial notch) to the inferior border of the ramus(antegonial notch), SD: standard deviation
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