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Table 1. Number, Age and Sex distribution of subjects

Group Number Age
Male Female Total |Minimum|{Maximum| Mean SD.
Normal Occlusion 11 9 20 21.75 2642 23.69 1.07
CII div. 1 malocclusion 4 10 14 14.17 23.92 20.53 391
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Fig 2. Diagram of standardized electrode position of
suprahyoid muscle group.

Fig 1. Diagram of standardized electrode position of upper lip, lower lip, mentalis and buccinator muscle.
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Fig 3. Reference points used in this study.
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D AZA (Fig 3)

1) N (Nasion)

2) S (Sella Turcica)

3) Ar (Articulare)

4) Go (Gonion)

5) Po (Porion)

6) Or (Orbitale)

7) ANS (Anterior nasal spine)
8) PNS (Posterior nasal spine)
9) Pog (Pogonion)

10) Me (Menton)

11) Point A (Subspinale)

12) Point B (Supramentale)
13) Sn (Subnasale)

14) Ss (Superior labial sulcus)
15) Ls (Labrale superius)

16) Stm, (Stomion superius)
17) Stm; (Stomion inferius)
18) Li (Labrale inferius)

19) Sm (Inferior labial sulcus)
20) Pog (Soft tissue pogonion)

Fig 4. Linear and Angular measurements on cranio-

faciat skeleton.

(2) 4= AZ (Fig 9

A. Vertical

1) SN/FH (degree) : T8 A A=

2) SN/MP (degree) : 31} 2zt

3) FH/PP (degree) : FHol tidF 7] %A 9
7

4) FH/OP (degree) : FHol th&F w33 H 9]
7t

5) FH/MP (degree) : FHell t)3F 3}t H 9]
7t

6) PP/MP (degree) : 7/ H W3} }}tgH
o] o]F& 7t

7) MP/RP (degree) : 3F°t2H(Gonial angle)

8) S-Go(PFH) (mm) : ¥<tHILA

9) N-Me(AFH) (mm) : FAStHIA

10) AUFH (mm) : 273317, N-Me’}t

ANSPNS$} = HolA N7HAIY A
2

11) ALFH (mm) : "3FA17, N-Me7t
ANS-PNS$} thit= Aol A Me7hA 9l A
g

12) AUFH/ALFH : AAba 7o) o) st As}
AL M &

13) Ar-Go (mm) : 3Fe}A19] Fo)

B. Sagittal

14) SNA (degree)

15) SNB (degree)

16) ANB (degree)

17) SNPog (degree)

18) ANS-PNS (mm) : Jet&¢] Zoj
19) Go-Me (mm) : 3}etA| 2] o]

(3) Aot A% (Fig 5)

1) FH to Upper incior(FH/UD) (degree) :
FHol tigh A4t 32X 4=

2) N-A to Upper incisor(NA-UD (mm) : 74
o} 4% Ato]A] NasionZt Point AS
AZg M7Ae A

3) MP to LIIMP/LD (degree) : 3t}
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Fig 5. Linear and Angular measurements on incisors.

g 3ot FHA 4%

4) N-B to Lower incisor(NB-LI) (mm) : 3}<}
%AA) AdolA Nasion® Point BE
243 A7 Az

5) A-Pog to LI(APog/LI) (degree) : 3t} &
Ax19] A3} Point A%} PogE A4
Ao] o]F & #Ax

6) A-Pog to LI(APog-LI) (mm) : 3¢} 4
2] Aol A Point A9} PogE AZE A
7t 9 A

7) Interincisal angle(UI/LI) (degree) : 433}
o} AT 4x

8) Overhite(OB)  (mm) : RL3FHA o] A
481 FAX) A F3Ag

9) Overjet(O]) (mm) : LFHAFNA A,
3kt FAX Azt £yAY

(4) 9=3 A= (Fig 6)

1) Upper lip length(ULL) (mm) : 770 %
Hol| @ FA43ANA Sp-Stm, 7A€
A

2) Upper lip thickness at point ACULT-A)

Fig 6. Linear and Angular measurements on soft tis-
sue.

(mm) : Point Aol A 7] HH] BT
Ao A AZE Fee FA

3) Upper lip thickness at upper incisor(ULT-
D (mm) : LsolA A% $AA A& &
H7tA e HaAz

4) Sn-Ss-Ls (degree)

5) Horizontal upper lip length(HULL) (mm)
:SnPog& A HolA a9 Hu
FEFAY FaAE

6) Lower lip length (LLL) (mm) : 3t} %
Aol g 434 Stmiol A Me7tA
9 A

7) Lower lip thickness at lower incisor(LLT-
D (mm) : LiolA 3t 38X & &
A7tA 9] HEAE

8) Lower lip thickness at point B(LLT-B)
(mm) : point BAA 7B He] B3
A9elA AZE e FA

9) Li-Sm-Pog’ (degree) . Mentolabial angle

10) Horizontal lower lip length(HLLL) (mm)
: Sn-Pog& A% Aol ka9 Hul
FTEF7AY FEAE
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11) Mentalis muscle thickness at Pogonion
(MMT-P) (mm) : Pogonion®| A} 7H%
Aol FYPgk Ao A AFH HEDS
|

12) Upper lip length/Lower lip lentgh(ULL/
LLL) : Ao ZHolol i 3k} 2ol
o vl&

13) Degree of incompetence(Stms-Stm;) (mm)
: A3t 74 )70 (incompetence) 9] A=

5. S

EAANYE AgoAH ozl SHE AZA ¢
Z2R FRXMFAARN ] FHAE SAS(Statisti-
cal Analysis System) ZZI1H¥& o] &3] A
H3H

HEZ2g8

o) EAG nHstoof sz BHEH
A1 (Repeated Measures Analysis of Varia-
nce)ol] 2§ thu]H3tE4 (Contrast Variable
Analysis) 2 o] &8 Ftest® AH&38tQ3, F <
kel A& e, 88, @2 € A
SAE Ao 3 98 AL A8
Two group independent sample t-test® A} 33}
Fgon zt 289 EREY F¢HEE ASA
7te] AAAE 2937 93t Pearsond 3
E389& A3t

m. HA7ZE0

7t Z22EHEel Hln

AdugAsk 18 1% #74
oA T B, sk,

L.
e

A 22N
7 24

=9 2ol e Fo48 AL 2 AAA AL

AaAe FAFTeE KR I 17
FARGEAY AHHA FEANM et

4 B4 2 8E2Y FHAEES Table 29

i,

Table 2. Comparison of muscle activity between: upper lip, lower lip and mentalis muscie in normal occlu-

sion
Muscles - Upper lip Lower lip Mentalis m. F value

Lip function Mean | SD. { Mean | SD. | Mean | SD. |UL:LL:MT|UL:LL |LL:MT|UL:MT
Rest posture 065( 023 068 034} 122)| 083 661* ) 011 13.79** | 951*
Lip sealing 065 023| 068 034 122| 083§ 661* | 011 13.79** | 951*
Max. lip sealing 3182 | 1656 | 33.59 | 2814 | 33.71 | 26.07 | 0.08 0.14 0.00 0.09
Max. blowing 3463 | 1468 | 42.80 | 21.60 | 48.73 | 2886 | 1.99 290 0.87 354
Max. biting 261 143| 315] 221} 381 | 256 | 163 0.96 191 329
Sipping milk 1811 | 1402 | 1208 | 1515} 882 1505 | 3.14 2.37 3.81 5.01**
Sipping & swallowing| 86,53 | 47.40 | 56.02 | 3042 | 47.76 | 35.08 | 7.93** |1174** | 245 16.74***
Chewing gum 1561 | 589 | 3323 | 11.04 | 4568 | 1537 | 62.08*** | 59.49*** | 14.59** | 9045**™*
Masticating almond | 17.74 | 693 | 3590 | 14.05 | 4925 | 16.77 | 54.96*** 5552%** [ 10.49** | 74.80™**
Swallowing almond | 2682 | 24.01 | 47.99 | 42.31 | 45.77 | 4580 | 9.28** 1747 | 013 9.32*
Phonation (Ma) 2951 | 2047 | 48.16 | 2759 | 4416 | 1803 | 12.67*** 15.09™ | 0.87 23.45%**
Phonation (Ba) 2282 | 961 | 4401 | 3119 | 4211 | 17.27 [ 14.24%*| 871 | 0.09 29.98%+*
Phonation (Pa) 2435 | 1081 | 42.16 | 27.86 | 42.78 | 17.87 | 959* | 917** | 0.02 19.94***

UL:upper lip LL:lower lip MT : mentalis muscle
* | significant at the level of p<<0.05

** . significant at the level of p<<0.01

**+ * significant at the level of p<<0.001
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Table 3. Comparison of muscle activity between upper lip, lower lip and mentalis muscle in Class I division

1 malocclusion with incompetent lip

Muscies Upper lip Lower lip Mentalis m. F value

Lip function Mean | SD. | Mean | SD. | Mean | SD. |[UL:LL'MT|UL:LL |LL:MT|UL:MT
Rest posture 107 | 077§ 131 | 109 | 492 | 559 | 309 045 669* 6.38*
Lip sealing 1871 053 [ 468 | 413 | 1058 | 591 | 1620™* | 693* | 2865™* | 3L70***
Max. lip sealing 1752 | 999 | 3006 | 2506 | 4680 | 3158 | 742 | 511* | 1163* | 1496*
Max. blowing 3003 | 1886 | 4270 | 2513 | 5087 | 31L.34 | 086 020 1.00 175
Max. biting 1841 078 | 465 | 454 | 706 | 926 | 408* 583* 093 459
Sipping milk 1909 | 824 | 1467 | 1146 | 1399 | 926 | 179 143 013 329
Sipping & swallowing | 9829 | 36.72 | 7279 | 4956 | 9699 |11298 | 131 233 071 0.00
Chewing gum 1662 | 884 | 4373 | 2369 | 4857 | 1943 | 1827** | 1520 | 101 38.86**
Masticating almond 2764 | 1284 | 6061 | 2987 | 7462 | 5034 | 1020* | 1526* | 109 1298+
Swallowing almond 4596 | 3726 | 8588 | 6837 (10184 | 5668 | 880** | 512* 155 1817+
Phonation (Ma) 2098 | 1347 | 4416 | 1667 | 5128 | 1561 | 897 | 773* 188 18.67+**
Phonation (Ba) 2892 | 1559 | 4107 | 1780 | 5141 | 2145 | 941** | 567* 415 2037+
Phonation (Pa) 3181 | 1615 | 4439 | 1427 | 5486 | 1969 | 765** | 7.26* 545% | 1655**

UL:upper lip LL:lowerlip MT :mentalis muscle

* * significant at the level of p<005
** | significant at the level of p<<0.01
*+* . significant at the level of p<0.001
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Table 4. Comparison of muscle activity(uVsec) between narmal occlusion and Class 1T division

malocclusion with incompetent lip during various lip position

Normal Occlusion ClassII div 1. Malocclusion
Muscles Oral Function Mean S.D. SE. Mean S.D. SE.
Rest posture 0.65 0.23 0.05 1.07 0.77 021
Lip seal 0.65 0.23 0.05 1.87 0.53 0.14 b
Max. lip seal 31.82 16.56 3.70 17.52 9.99 2,67 **
Max. blowing 34.63 14.68 328 39.03 13.86 5.04
Max. biting 261 143 0.32 1.84 0.78 0.21 *
Sipping milk 18.11 14.02 3.13 19.09 824 2.20
Upper lip | Sipping & swallowing| 86.53 4740 10.60 98.29 36.72 9.81
Chewing gum 15.61 5.89 1.32 16.62 8.84 2.36
Masticating almond 17.74 6.93 1.55 27.64 12.84 343 *
Swallowing almond 26.82 24.01 537 45.96 37.26 9.96
Phonation (Ma) 29.51 2047 458 29.98 1347 3.60
Phonation (Ba) 22.82 9.61 215 28.92 15.59 417
Phonation (Pa) 24.35 10.81 242 3181 16.15 432
Rest posture 0.68 0.34 0.77 131 1.09 0.29
Lip seal 0.68 0.34 0.77 4.68 413 1.10 **
Max. lip seal 33.59 28.14 6.29 30.06 25.06 6.70
Max. blowing 42.80 21.60 4.83 42.70 25.13 6.72
Max. biting 315 221 0.49 4.65 454 1.21
Sipping milk 12.08 15.15 339 14.67 1146 3.06
Lower lip | Sipping & swallowing| 56.02 3042 6.80 72.79 49.56 13.25
Chewing gum 33.23 11.04 247 4373 23.69 6.33
Masticating almond 35.90 14.05 3.14 60.61 29.87 7.89 i
Swallowing almond 47.99 4231 9.46 85.88 68.37 18.27 *
Phonation (Ma) 48.16 2759 6.17 44.16 16.67 446
Phonation (Ba) 44.01 3119 6.97 41.07 17.80 4.75
Phoriation (Pa) 42.16 27.86 6.23 44.39 14.27 381
Rest posture 1.22 0.83 0.19 492 5.59 149 *
Lip seal 1.22 0.83 0.19 10.58 59 158 ok
Max. lip seal 33.71 26.07 5.83 46.80 31.58 8.44
Max. blowing 48.73 28.86 6.45 50.87 3134 837
Max. biting 381 2.56 0.57 7.06 9.26 247
Mentalis Sipping milk 8.82 15.05 337 13.99 9.29 2438
muscle Sipping & swallowing| 47.76 35.08 7.84 9699 | 112.98 30.20
Chewing gum 45.68 15.37 344 48.57 19.43 519
Masticating almond 49.25 16.77 375 74.62 50.34 1345
Swallowing almond 45.77 45.80 1024 | 101.84 56.68 15.15 *
Phonation (Ma) 44.16 18.03 403 51.28 15.61 417
Phonation (Ba) 42.11 17.27 3.86 5141 2145 5.73
Phonation (Pa) 42.78 17.87 340 54.86 19.69 5.26
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A
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M

=]

Normal Occlusion ClassII div 1. Malocclusion

Muscles Oral Function Mean SD. SE. Mean SD. SE.
Rest posture 037 034 008 067 047 013 *
Lip seal 037 034 008 | 103 073 020 -

Max. lip seal 2532 24.73 553 20.37 17.87 478

Max. blowing 12.76 940 210 1205 782 209

Max. biting 934 6.76 151 631 349 093

. Sipping milk 625 369 0.83 947 655 175

Buccinator ki .

uscle Sipping & swallowing 3858 1807 404 4780 16.85 450

Chewing gum 2935 16.85 377 2324 1274 340

Masticating almond 3519 1181 264 U35 15.08 403

Swallowing almond . | 3541 27.80 622 4.9 2150 575

Phonation (Ma) 3L75 2611 584 27.74 1971 5217

Phonation (Ba) 2583 1521 340 2740 20.36 544

Phonation (Pa) 2993 25.00 559 3257 2282 6.10

Rest posture 0.87 055 012 14 027 0.07
Lip seal 0.87 0.55 0.12 158 0.72 0.19 b

Max. lip seal - 919 697 156 6.18 353 094

Max. blowing 1035 6.86 153 962 6.89 184

Max. biting 319 162 0.36 270 182 049

. Sipping milk 904 901 201 692 461 123

Suprahyoid . .

muscles Sipping & swallowing | 5902 {3728 837 4667 | 1377 368
Chewing gum 2438 11.86 265 1787 543 145 *

Masticating almond 26.70 1243 2.78 2535 1263 337

Swallowing almond 5829 37.13 830 59.99 2465 659

Phonation (Ma) 2387 993 222 2396 814 217

Phonation (Ba) 2510 998 223 2657 907 242

Phonation (Pa) 2782 17.05 381 2174 11.09 296

* | significant at the level of p<0.05
** | significant at the level of p<<001
++  significant at the level of p<<0.001
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Fig 7. Representative electromyogram of upper lip Fig 8. Representative electromyogram of lower lip
during various lip position in normal occlusion during various lip position in normal occlusion
and Class II division 1 malocclusion with inco- and Class II division 1 malocclusion with inco-
mpetent [ip. mpetent lip.
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Fig 9. Representative electromyogram of mentalis Fig 10. Representative electromyogram of buccina-
muscle during various lip position in normal oc- tor muscie during various lip position in normal
clusion and Class II division 1 malocclusion occlusion and Class II division 1 malocciu-

with incompetent lip. sion with incompetent lip.
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Fig 11. Representative electromyogram of suprahy- -
oid muscle group during various lip position
in normal occlusion and Class II division 1
malocclusion with incompetent lip.
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—ABSTRACT—

CORRELATIONS BETWEEN MUSCLE ACTIVITIES OF ORBICULARIS
ORIS, MENTALIS, BUCCINATOR AND SUPRAHYOID AND
CRANIOFACIAL MORPHOLOGY IN CLASS II DIVISION 1

MALOCCLUSION WITH INCOMPETENT LIPS AND NORMAL
OCCLUSION

Young-Jun Lee, D.M.D., Young-Guk Park, DM.D, MSD, PhD.

Department of Orthodontics, College of Dentistry, Kyung Hee University

This study was conducted to determine the electromyographic features in the perioral muscles of class
II' division 1 malocclusion with incompetent lips, and to grope the correlation between its activities and
craniofacial morphology.

In this study, 14 subjects with class II division 1 malocclusion with incompetent lips(mean age of 20.5
years) and 20 subjects with normal occlusion(mean age of 23.9 years) were investigated.

Electromyographic data were recorded from orbicularis oris, mentalis, buccinator and suprahyoid muscles
durig rest lip posture, lip position at sealing, maximum sealing, maximal blowing, maximal biting, sipping
milk, sipping and swallowing milk, chewing gum, masticating almond, swallowing almond and phonation
utilizing the Medelec MS-25 electromyographic apparatus.

Lateral cephalometric radiographs were taken with the mandible in intercuspal position on all subjects.

All data were recorded statistically processed.

The findings of this study can be summerized as follows :

1. In class II division 1 malocclusion with incompetent lips, the overall augmentations of perioral muscle
activities during various functional movements set for lip sealing were manifested and particular swelling
in mentalis activity at rest was detected.

2. On the other hand remarkable diminution of upper lip acitivities at lip sealing movements was drawn.

3. In Class II division 1 malocclusion with incompetent lips, negative correlations existed between the
diversity of upper lip activities and upper incisor position and overjet as well in contrast to positive correla-
tions in the lower lip. :

4. It was suggested that the abnormal function of lower lip and mentalis muscle contributed somewhat
the revelation of the characteristics of Class II division 1 malocclusion.
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