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a3kt

FUe ATEE o] FotiFA AR
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A gEdA AUAddA 2393 dAdta F
el gtoll A sFal w7 FAdelm, ot
7b Rz, F5ddAgelsl gl single
crowno|Ae]l MAEo] glm, A .3l Ao}
FAA 9 29 (deviation) 7} 2 mmeolWal A<l
@2 30 dAdes ddh. ¥ agdd
Hi oz 22.44¢]3, ANB difference:
-4.7, Facial convexity= -12.1, - WITS
appraisal2 -12.7°1x, AA LT FHF
g3 24.74l°]3. ANB differencet= +2.9,

Facial convexity+ +3.8, WITS appraisal

—628 -

& 0495,
L. ety
1. 2253 44 7444 29 2 A%

(1) &gz

AAdga A F-E5HY A ol
Ax5¥ MORITAAE PANEX-EC7|7]dl o]
Z Z7k27 Eo] S0+ cassettes} 8%10”7 =
719 Fuji filme AH8-35ch. &3=2AL F.
F.D. 60inches, 95kVp, 15mA, %A
1.6-2.22v. 94438 AAE wFY EAA
g o] &3l FAE=E FAAStL g AFA

=
¢ ARdn ASFEL S

2) AZH4
N (Nasion)
S(Sella Turcica)
Po (Porion)
Or (Orbitale)
Ar (Articulare)
Go(Gonion)
PNS (Posterior nasal spine)
ANS(Anterior nasal spine)
A point (Subspinale)
B point (Supramentale)
Pog (Pogonion)
Me (Menton)
Prn(Pronasale)
Ls(Labiale superius)
Li(Labiale inferius)
Pog’ (Soft tissue Pogonion)

(3) 7= A&EgE

1) SNA

2) SNB

3) ANB difference
4) SN-MP

5) PP-MP

6) OP-MP

7) N-S-Ar



Prn

8 1. Cephalometric landmarks

8) S-Ar-Go

9) Ar-Go-Me

16) N-Go-Me

11) Bjork sum

12) Y AXIS to FH
13} IMPA

14) I to SN

@ A" Azxg=
1) Wits appraisal
2} Go-Me(mm)
3) S-Go(mm)
4) N-Me (mm)
5) ESTHETIC LINE to UPPER LIP
6) ESTHETIC LINE to LOWER LIF
7) N-A
8) N-Pog

(5) WE-& 3%
POSTERIOR FACIAL HEIGHT/ANTE-
RIOR FACIAL HEIGHT

rh

2, EAE 24

) &4+
MEDELEC® two-channel MS6 System &

J@l 3. Linear measurements

A %71 (A Vickers medical company) & o]-&
o] ZH9 $HEE SARGF (AR 1 H
).

ofwl Calibration® Rest4] 50uV/cme. &
Clenching, Chewing, SwallowingAl:= 500
uV/emeo 2 A E3 3, paper speedt 5
cm/sec® s+t

(2) A= 93

h 54
HFE T F=HS(bipolar surface
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AREl 1. Electromyographic equipment in this
study

= .
A5 A+ ASFZL 3 (canthus) F#
ofojo] Awl wWdHE o JNFEoR
t7te]l Ful 3cm, AW 2cmol 2709 J1EA
T AAAZeH, = ¥ 2] (ala of nose)
3} o] B (tragus) & 7% Al(ala-tragus line)
< 71Fog o]xAY 4cm, W lcm 39

=
e
I‘—>|"a
o

r
o oo

oA 2749 71 E5AFE AXAAS}. Fre AF
(philtrum) & F4o2 H9oiHor 7124
< HAAARS. AA Aol mEAF
(ground electrode) - o=t} Fokioll 924
Z(AH 2 ZA=x). AFE R4717] Al
AFHAE YET2EANE 2B "He I

Aquasonic® (Parker Laboratories Co.) elec-
trode paste® HTo] EAF Fo] Hlo|Z B

o] 43} ¥2aglch,

@ & A

P
%3} JPsA QAN 3L E
g ¥ oscilloscope Aboll 4AE A=
7} dojAH record switchd 2%
Aee Z¥4HEE A}, clenchinge F4

~ N
Nz

u.Lp

38l 4. Diagramatic demonstration of electrode
placement on anterior temporal(T),
masseter (M) and upper lip

ARl 2. Placement of electrodes
1) Ant. temporal muscle
2) Masseter muscle
3) Upper lip
4) Ground electrode

239 (centric occlusion) oAl HHz A=)
3 F oscilloscopetoll 4] o] & ubE 3] 34
e =7 FEEE AT F 24547
o. chewingAlE ZA& <4 30x7 A %
Zol RegdA AL #qd & chewing
cycleg  oscilloscopeoll 4] #olal]l LAF
chewing cycleo] dojxl= AL &al3 & &
HA A}, clenching® chewingg 4-63) o]
B2 519 th, swallowingAle o ARH5A
12mlg 931A)7]a2, 9dssteE £7ke] record
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Masseter

Upper lip

1CM[500uV  [50uV

28l 5. Activity of masseter and upper lip during Swallowing(S), Chewing(Ch), Clenching(CL),

Rest(R) -

switchE 2-&A|7A &3 A7}

THAEY ZAHL restA]9} clenchingAl =
lem @H9E vy 2 A7 Yol 3mmA
9] =38 planimeter PLANIX®) & o]£3
ZA3519 3, chewingAlE o) A xo 80%
7421 8] A& 4] planimeterE o] 43 %74
o). swallowingA|& AJ2RRE 1271, & 5
cmAx o) HdAL e S35 ol&d A

o

T7AHAAY waxgd o] &8 i o}
TE5 #Asn o) EAARY FAEZ ro]
Fakn, Huugiols olF 2elstglc).
=3 overjet#® overbite ¥ crossbitex]: A
x| oke] +5 AHAbslod .

4. BAA=

el N de FE FRabAM FANNA
o AZAS THEAA § FAAA 2R S
SPSS-X RELEASE 2.0 Package® o]-&3l¢]

AN st
() FHPAL FANRAAS AZAY 77

(2) rest, chewing, clenching, swallowing]

7t 27k folAE B o]

2 paired t-test® A 313},

=59 FA=e FAFH U adddF
A

S 53 A FAN ASAS 4 -5
obzkel #AE ehl= SNA, ANB diff,
Facial convexity, WITS appraisal, N-A &
e 25 A4l Az, dSetEe) AEAE
£ e+ SNB, N-Pogs=s 25 FAxE
Tl Zx, At "AAY AxEe FT
M e AE 2. a2 AU
< £ Fedat fldld. aded Ase 2
5= Hole] 4 1 gverbite, overjet,
crossbite¥| & HolgSoA 25 fFois =
gth(Table 1,11 #3),
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Table l. Cast analysis in normal and skeletal Class |1{ malocclusion

Normal {n=30) Class t1l (n=23)
P-value
Mean S.D. Mean S.D.
Number of teeth in contact 20.0 1.78 9.4 3.30 bl
Number of ant. teeth in contact 5.9 3.04 0.4 0.84 bl
Number of post. teeth in contact 14.10 1.69 9.0 3.25 el
Number of max. teeth in crossbite 0 0 8.6 1.99 el
Overjet (mm) 29 1.01 -4.8 2.37 rEE
Overbite (mm) 2.2 1.33 1.4 2.86 NS
** . p<0.01, ***:P<0.001, NS: Non Significant
Table Il. Cephalometric measurements in normal and skeletal Class 111 malocclusion
Normal (n=30) Class 111 {N=23)
P.value
Mean S.D. Mean S.D.
SNA 81.2 3.68 79.2 4.64 NS
SNB 78.4 3.21 83.9 5.38 rEE
ANB 29 1.68 -4.7 3.53 il
N-S-Ar 1232 10.98 123.8 7.21 NS
S-Ar-Go 150.4 4,34 143.7 6.81 e
Ar-Go-Me 116.4 5.81 128.2 7.06 ol
Bjork sum 391.7 6.52 395.8 7.36 NS
N-Go-Me 73.0 4,62 80.6 5,77 *re
N-A-Pog 38 4,01 -12.1 7.93 el
Y-axis to FH 64.1 3.03 61.2 4,32 **
SN-MP 31.9 6.39 35.3 7.32 NS
PP-MP 229 6.23 245 6.66 NS
OP-MP 15.8 4.96 20.7 4.24 alal
IMPA 97.6 8.39 822 7.42 bl
1to SN 107.1 6.37 1129 6.92 i
Go-Me {(mm) 81.6 3.48 83.7 6.34 NS
S-Golmm) 94.6 9.20 92.3 10.42 NS
N-Me (mm) 137.3 6.78 141.0 8.18 NS
WITS (mm) -0.4 2,50 -12.7 5.41 bl
Esthetic line to upper lip 09 1.70 42 2.16 ux
Esthetic line to lower lip 0.65 1.89 2.3 3.19 NS
N-A {mm) -1.0 3.68 -4.4 3.80 i
N-Pog (mm) 5.9 5.24 a7 9.35 *ax
PFH/AFH (ratio) 68.9 5.88 66.3 5.59 NS

*» . p<0.01, ***:pP<0.001,

NS : Non Significant
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Table I1). Muscle activities in normal and skeleta! Class |11 malocclusion

Normal {n=30) Class |1l {n=23)
P.value
Mean S.D. Mean S.D.
Masseter Rest 14.1 4.58 17.0 5.84 NS
Clenching 135.4 60.01 87.3 33.25 >
Chewing 127.4 51.93 76.5 30.86 el
Swallowing 11.4 492 11.0 4,12 NS
Temporal Rest 16.6 6.48 17.4 5.65 NS
Clenching 103.4 41.68 75.5 38.47 *
Chewing 84,7 46.03 66.1 58.62 *
Swallowing 9.7 4.27 10.7 4.02 NS
Upper Lip  Rest 11.6 3.48 14.5 5.04 *
Clenching 11.9 4.14 11.0 3.34 NS
Chewing 13.6 6.73 20.8 12.02 *
Swallowing 9.3 3.33 224 7.59 ol

*:p<0.05, **:P<0.01, ***.p<0.001, NS: Non Significant

Table IV. Paired t-test comparison between different muscles during rest

Temporal vs Masseter Upper lip vs Masseter Upper lip vs Temporal
Group

t-value p-value t-value p-value t-value p-value
Normal {n=30) 2.36 NS 3.4 ** 5.21 *wx
Class 11 {n=23) 0.25 NS 1.70 NS 2.03 NS

*:p<0.05, **:P<0.01, ***:.P<0.001,

5 2ol o
oA 9 Z gz E X} (Table 1) .

o>
el
fo
gk
2
bt
fe
o
Ho
fo
o
X0
|

=
gt
b M L

ek (Table 1V) .
restA| o] TZAE 9} Fookd FAF e
PAl= mZo] Articular angle, Facial
convexitye} AAAHAES  Algo]  WITS
appraisal & ANB diff., A449 52 =9
A3 BA S Gonial angle ¥ A+
FA Az FAR AAE 2. 29
ASFZolAMe ofd A4 AT Holx &gk

NS . Non Significant

t}(Talble IX) .

s et ZEA =9
overbites}t 93 AZIA|
Fot= AT IA

Lt

£z
2

FA A Aol
corssbites] = x| o}
2 ¥9c}t(Table V).

. =AM 1Et oM ClenchingAl2l ZEMT

2719 vlmoA BT AEFZ 25§
Augrold we FHES 193, AEelA
573 %A% ®olx @skch(Table
) .

F 5ol restAlotE e e, AS
=2, s £42, mTA At & B4
=5 o}, BAgdFoly i A2FE
Zkel] o A5 Molx Qokwm, ool 7
ZE&7}el 25 FoAE 2gieH(Table V)



Table V. Paired t-test comparision between different muscles during clenching in centric occlusion

Group Temporal vs Masseter Upper lip vs Masseter Upper lip vs Temporal
t-value p-value t-value p-value t-value p-value
Norma{ (n=30) -3.88 i 11.44 x%w 12.47 *e
Class 111 (N=23) -1.91 NS 11.04 sxw 8.18 it
*:p<005, **:p<001, ***:p<0.001, NS:Non Significant

Table VI. Paired t-test between diferent muscles during chewing

Temporal vs Masseter Upper lip vs Masseter Upper lip vs Temporal

Group t-value p-value t-value p-value t-value p-value
Normal (n=30) 372 ** 12.45 EE 10.11 *xx
Class 111 {n=23) -1.20 NS 8.92 rwx 3.83 *

*.p<005 **:P<0.01, ***:pP<0.001, NS: Non Significant

Table VIl.  Paired t-test between different muscles during swallowing

Group Temporal vs Masseter Upper lip vs Masseter Upper lip vs Temporal

t-value p-value t-value p-value t-value p-value
Normal (n=30) -1.81 NS 2.30 * 0.45 NS
Class 1] {(n=23) 0.23 NS -8.51 xxw -6.44 *rx
*:P<0.05, **:P<0,01, ***P:< 0.001, NS: Non Significant
Table VIIl, Correlation ceofficients between muscle activity and measi.nrements
Masseter Temporal Upper Lip
R C Ch R C Ch R (of Ch S

No. of teeth (¥x)  (xnx) (2% ) (*%) b
in contact
No. of ant. teeth *) (**) *) raw
in contact
No. of post, teeth (¥**)  (**) (xx*)  (**¥) *Ex
in contact
No. of max. teeth ** ** * *) (%%)  (**%)
in crossbite
Overjet {(mm) *" (***) (*) *) * wax
Overbite (mm) e

*:P 005, **:P 001, ***:p 0001

(*’ **’ ***)
* ¥E EN%
’ [}

R: Rest,

! positive correlation
I negative correlation
C: Clenching in C,0.,

Ch: Chewing,

S: Swallowing



Table IX. Correlation coefficients between muscle activity and cephalometric measurements

Masseter

Temporal

Upper Lip

R C Ch S

Cc Ch S

Ch S

SNA

SNB
ANB
N-S-Ar
S-Ar-Go
Ar-Go-Me

(**) (**)

Bjork sum Al

N-Go-Me
N-A-Pog *
Y-axis to FH
SN/MP
PP/MP
OP/MP
IMPA
1 to SN
Go-Me {mm)
S-Go (mm)
N-Me (mm)} *
WITS (mm)
Esthetic line
to upper lip

Esthetic line
to lower lip

N-A (mm)

* %

(*)

* %
*x

* %

(**)

(**)

N-Pog {mm) *
PFH/AFH(ratio) (*) (**)

(*)

** *
** * *

* % **

* % **®
* X%

* %

(*)

* %

")

(*)

(-x--x-) (-l--l-)

*)

(*)

(**)

=%

(**)

* * %%

(***)

* %

|***)

(***)

(*)
{*)
(*)

(**)
(")

(**)

(***)

* . P<0.05,

(*‘ -x--!-l ***) :

** . p<0.01, ***:p<0.001.

R: Rest, C: Clenching in C.O., Ch: Chewing,

ClenchingA] &4 =9 S
ote] FAlE 23 ASFZ
AFH ratio, WITS appraisal, 3}2F4 3] 9
£7 A%, ANB diff. 53 <A #AAE,
OP-MP, PP-MP, SN-MP, Gonial angle,
Bjork Sum 53+ SATAAE Rw, &L
ZoAl+ Facial convexity®t A% 3AAE
B oy Agdde oW ARdA=
Bo|x| ¢fsket(Table IX) .

positive correlation/*, ***: negative correlation
S: Swallowing

A,

corssbite® & Aol ¢4+ o

% cH(Table VII) .

overjets}

H
20| el Aotel 49 e
=
=3

p =
gl

Ct. ChewingAlel ZEA T

=gz waeld ;a3 AFF
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Table X . Differences of correlation between normal and skeletal Class HI group

NORMAL (n=30) Class I (n=23) Sum(n=53)
REST -A-P relation -A-P relation -ghete] AE(T)
IS “IMPA,1 to SN3 ¥# |-IMPA,1 to SN3 ¥# |1 to SN(1)
CLENCHING |-2@gslE FA(1) -2 gE s FA(T) -2 gEE FH(1)
ZE -A-P relation® T3 -hyperdivergent face(l) |-hyperdivergent face()
-A-P relation® % -stete] AE(])
A5 - gE = TH (1) -23EE A1) -ngEE FH() -
-A-P relation®} 3% -A-P relation®} F3 -hyperdivergent face()
-ghate AE())
CHEWING -2¥sE FA() -hyperdivergent facel) |-3te] AE(1)
-1 to SN(1)
SWALLOWING | -A-P relation -A-P relation -gtete] AE(T)
A -IMPA, 1 to SN¥ +3% -IMPA, 1 to SN 53 -1 to SN(1), IMPA({)
F AATA A L YT vgm, A 2}. SwallowingA 2] ZEHAM T

:_"0“/“]“& HAmGPFANA F7 L FHEE
R} (Table M) .

FT 2N oz, AFFE, Aed €4
2 @A 1R =2 FYEE 1Y
clenchingelAlet 7ol chewingdlAd = H3

oAl 223 ASFE3bele
o]x} ¢kgkc}(Table VI).

chewingAl 9| @Az} Fd EAYH
oo BAlE L ASFZ ZFAA P
AFH ratio, 3tAAS ¢F AA=E &
A# A £, Gonial angel, Bjork sum % SN
-MP, PP-MP, OP-MP#+ d4aA& 29
Zol A+ Lower gonial angel-»}

5’;}74]—%'— Boxw, ANB diff. ¥

%%Xé—‘-:-—")r-'; TARAAE B, 4
ANB diff. WITS appraisal,
Y-FH, Famal convexity 53 dAHAAE
detAAe «£%74%, SNB, N-Pog &%
AT AE 2o (Table IX).

gt AR HBAAAE e

AZFE ZRA  ;g=EE Hols 7
overjets} AR PAE, AolrE crossbite
He Holest £A4H BAE 2 tH(Table

Vi) .

FE09 vmedd Aeeld el $329

oA 94 dE ¥ =S BAL ¥
AaFTelA AedlA 7H F %‘éi—% =
At

swallowingA]8] =84z FAE &4
Pejo}e] A, Ao, Articular angle,
ANB diff., Facial convexity, 3l2A X<
£Z& A%, Y-FH, Esthetic line-upper lip
3 S4#RBAE 22, Mandibular body

length, SNB, 1 to SN, OP-MP, Gonial
angle, N-Pog5# £ARAAE 2o,

A&z523 nde
23ket (Table IX) .

ARG A4 AAAME Aguto]
ZEEE Hole 4, overjet®d JAAIAE
crosshites| & 2 ote| ot FAURAL 2
%t} (Table VII) .

| 4% FAS Holx

ZAE A7t Al =44 ol 717 A
A, A3 ATl A g TRl
2 F ol i ARz Axok FyAl

< o & et
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é
“ [+
rﬂ.
i
o O
> ol
o

"1:‘ Hzx3, A FzE Holx &gtedl, ol Ingervalld
o] x5l d& vevs ¥ Thilander® 59 Zz}o} A= 3o}

e (form) H e}l 7153 (functional) @} AL 53 AF9 FEe mnjshd, AT
2A, o]lFolME daqlo M stetFe B4 Ae Aee F4=r o gelgle & FAE
A 52 Ao g4, olFo] £3td ek, o] Incompetent lipel|l A2l 24
2 Yelye 2A4F MF $A3A1gY w=r) 57t o) EohE Gustafsson$2el FA3 7rol
ATQlell A 2ot Fe Aer vusn Yot ZAe] Hzslel] o8 A - atEo] AAAAE
T d FAXBAE J1Fe 2 3 Anglex I 2] 2&to 24 WElE 713 (tension) ol ¢
¥ $ARYY AL, 53] obFelMe m¥¢H T AR FUME A £ 4 .

ot obgatol] <3l 7\—‘5—"4 o2 dletEol Aw shet obA9jAle] A4 T HEA
22 HYse A7t Weol vehdoh. whebA el o wgAezie]  AsaAe A
ol £ FA otHFe EAYHE AdugA AhlgrensVe AZ5FZ9 A =7 Gonial

angle? <A# #AE, Moller™ & Ramus
= height @ PP-MP angles} A3 3A S
= otz dagien, ¥ dAFolME melA
Q) Articular angle % Facial convexity$t <4
°‘l°] iﬂ] 1} spA|ul, & I BARE RoAAFA
R AgolAe BAEE FlobFo] AEHSFE
‘Gé A

(overjet, WITS appraisal, ANB diff.), #

o HoE Aolrt A Be A
a2 AlolMel 249 IIF ¥
FABA ¥ ozt T A ol

ox o o
N
)
4
£

Ho
NE,
N
o
B4
L
12
oﬁ,
n
P =
3
ok
—{}~
¥
rlr

] (form) &) A3z Heiolr] B o &89 H= F=o] 3HEH| 91-24 = (Esthetic line to upper
stoll ols) FA9) o] zA” & Yu, B lip) 2 dEhgm, AkRAY £544=5)
Ao ol e Az HIE zAddw B4 FHEFE 5 FAF el
B & 9ot & E5) ohd 283 T g %3 Gonial angleo] F71845 & 24
By oW 55 olw 283 %) otwl e 1) =% n9e2x Gustafsson§?’ st #
Pl E B AAAo] ckn deA| g woiFglet. 2y AT W $Aw
L GLTieIesniatsesers) T A= ebge] AEoF o AeA

Ingervall®»¢ 52 FA o] we} ghdF e E573A R FRFE BAFHG. ol
A9 A4 AR Fn, w8 The GAE B9 AoldlE Azold 4 - FYUA
' RARew RalA FAGee abet chekek wl AokAFo] fASEE, e 2dlFel 3
2 S A ol Aolrt F Ao FAH

skl Q1A 9 (rest) ALelo A1l ZFA Tl o) A 2l el A mPA] (clenching in
A Moyers, Moller™ S Aolzo] Au) centric occlusion) 8} ZZAEE F7 EFo|
o) JHTV4E FTEE Lo L FHEE JE A 2T, AFEFZ, AEe £o2 ¥ 24
) 55

+= ¥ v} gl3, Ahlgren®%, Latif*” =5 293, $AIFLAAE aTH A2
) Tkl FelAE ol gk

2 Zs Pancherz®Vx AAbolgolA mx F5FL
stete] AN E wASe T =59 Aol s

3, ubdd] Ingervall5%v¢ mo| &%

9‘
o} %‘
a} o g4 Alolole FoAr) Yok X wErg
2} B
9] oo 94 Qe B ZHES 2T o
3
A1
3

o7 Fe ZAHEE Hgedw, o= Zd wug stu g =3 A4 gEH
Ahlgrens?, 2 5o A7 Aot dA Amgdzrel F43 44 ﬂ{"(p<0.01)°ﬂ
sttt Aaddelde AFF23 229 AEZFZ(p0.05) 2t 2A debedo. &



Aol FAnFFEY F E]/e] o] & F
AzE ¥4,

olufle] ZTHAHE=9} FA IHEA e
oA ke AFZoA A Ingervall
530, Moller®®= clenching® chewingA] =
% Gonial angle & Mandibular plane angle,
Aokd A dpejEdstz FANG L,
Tallgren$™, Pancherz®Vv %9 =7}
TA9 A—3Zv 34 (A-P relationship) ol <
3 Be 9% T3, aFyse Aokrode W

£ #=lol gloka F3skglch.

£ ATl E add AFFIAM A F
43 AL EF 4 U F FEE ZF
sfetEo] Aol $X¥4=(ANB  diff.,
WITS appraisal, overjet, crossbitesl& At
o}x]ol4), <t=f3 o] hyperdivergentdli A
etd 7o) &F45(0OP-MP, PP-MP, SN
-MP, Gonial angle, Bjorksum) ¥ Yt
£ BgEd], ol Ingervalls®"e] B9} o
2 gkt

=g, agsle Aol 4, 53 FHE
Aol47t BeE4E 5L AHEE BYoZH
A= Hote F9 AR WHHE T
o] glrhe tallgrens™®2] Azl Aol
AFE 2o FYe.

e Az (chewing)Alel A= A F
2§ olA A (clenching) A9} 5L 3}
A, ASFE, 4AFY #4E & 4=
e dle, =3 SR
EFE7l FAE Rolx &okeh. =z
A ngAete 22 FERY F9x= AE
ol A FAaFEFol B ¥ FAHE(p<0.05)F
2ot ol HFAAZ} Hdl nFA] B g
o Aol T8l vhehd Aoz AR A
A Ae A=A g FHES n¥EH =
TAH o g9} dBAE Bg3, FAHLTTFANA
€ L= H7t hyperdivergent¥d 45 22 &
A s 1o, =3 A9t warixlE &
T EFolAe el AEHI, AGHAA7L
TEAETE & FYES doEyg o
)9k A 24 Ao AR FA EA7L
of WA AAAE & F Ui

Al o 2o

33 Ahlgrens92 Anglex IIF 1% 43
ool 2E AFTol He FHEE B
adctn 3tgen, Pancherz®Vv mTe 4
sute] RARFTFAA AAFRG Utz
i, A3 WOE A BE THA
£ FHEE Radgn. oldd= o|F n¥
(dual bite)*olvt LY Fof2e™, FF3pt
Azl Q& WE AAEY e YAYEE B
Ate ATFAAES FEH & = o

T FAYE A B ofdet o Qe
oA HAx] 23 Afele Adn
wg e 34 JehdE Y F 3
AZ A2 TEAE9} T bl EAYH ¥
gAeIzte] Az A e, L2H A
FZolA HdlagAeh A FAdd ASHA
53 A#4e 2. §  Ahlgrensf#
Mollers® % Ingervall$372] -+ A= 3}A
gonial angleo] Zx, AHAqkd 7o E4F
FEEL 32 YA F HoEy AR F
Al Feo} FZ87k YA B A
Zs] B 4 gleh. ol& long faceolAe] ==
Ho| Yol Proffitse dAvots dA et
Z o}n )7} hyperdivergent¥45% FT5-2
FHEE Wiz A4 4 glch. dbdel ofF
9 A - Fu fA) 2AEZY dAVEE F
B AFoA slete] Ao HATFF A
T3 mze FAHES A e
21} ojol) dis] Moller®™®s} Ringqvist®®+=
N2 spehFol AW AL setEe Aolr}
Z71E4E Aoy e Y AFF2e
B2 FrHgckae gx, A% Y0 Fx
AzA m, ASFFEY 4=0 & AR
ul) 2 ANB diff., WITS appraisal, overjet
53 dARRAE 2ok 233} 6 YU
ol9} e Aultie] AUBAE ASE @ A
o4kl zlol9elx, Ringquist®®e] s}
7rol obZol A - Ful At TEAETY ¢
AR BAE Aol dFHAIZE AAHFY o
QL wiul FEE Folx] A - dpetFe] 23}
7t A7 AlgelAls A4 4 gux ez
A old ofE AT Aolg A Froh,
2 AAIZE vlold Aol stebZe] AW

&

ki
=
=

=

M &
X

r—i



Hof m3tat AZA] AT A wEE
o FAHEst A
A vebytcl. oo sl Moller®, Ahlgren
UL wIH e Aote ol o oz Aol
7bovEtd xS oy
Pancherz® %2 ofZel A3}
A7E T Sdoln, Hoke] HEHL 4 4
+ ZelAda s
vl o] Macdonald®} hannam**9< 3=
X obE AR} FAEE Yri, IFPHE
Ao RAZ Zo] BobE ] FAHY =
£ Hotel 4 3 wAe] ny F&o ¥4
2L Hele] Yrta Xadgch,
AT = Macdonalds¢ A9 A
A AEZEle Aote] 4, 53] FAF Ao}
o & AAAE 2ot a9dE AEZ
o}

Tallgren,

r‘)i
o
o
o

58 AR
vhep o] ofge] FxH<l WAE qEhiE
AZAEHRE AAT A4BRAE 2 29

5 ¥t AZA] At
Hez Ax, mPAelst dEd Be A
ole] A Zo] Yo} brachy-facial typee] 4]
T2 TREEE VAT F Ao A2 1A
BTN Ao A Frte sletatd 4

T Ut
o3} (swallowing) A] 2] ZZA o] o)A
Ahlgrens92 T4 Yo HcohE A4 ¢lo
Angle® 11§ 1% FAzZNA e <3
Axzt AT 2o 3A Jebsidn ¥ug
stk w9 2k A4TlAE A

Ahlgren*, Marx-%¢] )
el daAu ST A4 Aee
B4 57 TR Fo] Yeygth, o]97o]

o} Z7}= Ahlgren%?, gustafssons-22 Lip
incompetencyell 7]Qlgcta dl¢lx, Marxs
= fAE A3E 2adEgch. o3 Aol
Gustafssons-2Vol| & slad AtelA x)o] &4 A}
o} Aol Yrkx HuPort, o] A ¥
el 84w, Abd Aoy Man-
dibular plane angle%°] ¥ 983 sS4ty

At
2 o oA % Gustafssonse] Zzpe} kol
Aotz o] 2 wgl FEHEIL F
5

gleto]l  Anle] 9 XxET4E, Mandiibular
plane angle % gonial anglec] F7}1&45 ¥
2 AL AL vt ol A - FebE
7rel Rz3rl AgeE 5L F4=EF Hal
A2k 5 shel okl Al A o
A7ZYEl 3 mandibular plane angle %
Gonial anglee] Z7}3tell =tg} Lip incompe-
tency”} Al3tsle] £& FAEF Hole AL
2 A,

Moller™, Ingervall®® S& o3p4] =
o] Azl Aok w7F7e) AaAlel
B3g vp glov £ AT e

o]

f

=3 Ahlgren®, Moller™® 52 AAwLFE



Ho|x] gk AL 2w, AAY AAE X
o= ohEY A -3y RxzE QY Aee
1ol AR s FARFFANY & 24
EE Hole Aoz AR =3 overjetd
A A Aee FA=r =Y. 5
overjete] (+)olvk (=)ol FAGlo] A - 3}t
o AN AR Hey HYAESFE =} ¥
5 4 4 A

2 dToAE TAES SR 2
Pl # ol o i‘%‘y’l'gl AA A &
22 s Hote] £F AX ¥} TAYE
o] AAE Y. 2 A9 259 4L A4
Aol Mz AgF]l obgd =Xz A
Hes 4 F UAdd. %9 4=
Jejolelollx PGl gl E A
g 4 AR, 2EY 48 I
F4 "%‘ /L;_q;_qo] ‘l"}— = inol
ol W& 1 E st FAY MF
2 Alidte] d7E dert glvkz A

o

d

n.-rul

[o:

i3
ot
o
o o
o
offt =l oﬂ.', i ox

e o2 e odle al o
% fu

Yy

e Hoood o ox
ob

Jrl gk e

M2
bt
o
£
it
™ o
)
N
N
Ho
oft

AEAE, dES
A3 L5 g 947 ¢ =
A7) (phase) o} w}&} 2-Lel= &

TE5E olFolAelk & Aoz Ay,

2AAE AF, J4% zAAF o

4% A% ZAEE vugos

B2 Qg FAYHS ] o A=

Soll ddlAE o g2 A7t o]Fo

o= AsHd.

-

o{n
Yo
U
o
ofs

2 T oo

1\° "
2

——

=}

ok oft o rlr

L fo

ool

Q

oX W R
3 “°"

X

31‘;12‘ lﬂ
s ¥
TR oo L

i
it o N

», o

v.d &

A dEA Pejot A wE
£ A3 A8 43 WIF +3

0 34 2393 AR A A
08¢ WAz Fr 5 aAAAAS
AdE B3k, 3t (rest), FA
Tl A Hdl 23 (clenching), A2 (chew-

® ko i o
o 3

B B oox

ing), <3}(swallowing) A9 A&FZ, AL
Aol ZZAE AAE AFde] oI 7
A3 A

r‘o 7 N

_shetatd el Mg FERAAE Aol A
o] ¥AmGTA A4mPTRG F4

B}
5. AsHA A¢e) AL sekFel Aol
AA R4S, B £4F vy

1. Ahlgren, J.: Mechanism of mastication: A
quantative cinematographic and electromyo-
graphic study of masticatory movements in
children with special reference to occlusion
of the teeth. Acta Odontol. Scand., 24:
Supp. 44(100-104), 1986.

2. —  : EMG pattern of temporalis in
normal occlusion, Eur. J. Orthod., 8:185-
191, 1986.

3. Ahlgren, J., and Bertil.: An electromyo-
graphic analysis of the temporal function of
normal occlusion; Am. J. Orthod., 87:230-
239, 1985,

4. Ahlgren, J., and Ingervall, B.F., and
Thilander, B.L.: Muscle activity in normal
and postnormal occlusion, Am. J. Orthod.,
64:445-456, 1973.

5. Abhlgren, J., and Owall, B.: Muscular activity
and chewing force; A polygraphic study of
human mandibular movements, Arch. Oral

—640—



10.

11.

12,

13.

14,

15.

Biol,, 15:271-280, 1970.

. Angelone, L., and Clayton, J.A.: An ap-

proach to Quantitative Electromyography
of the masseter muscle, J. Dent. Res., 39:
17-23, 1960.

. Barber, C.G., Green, 1.J., and Fox, G.J.:

Effects of the physical consistency of diet
on the condylar growth of the rat mandible,
J. Dent. Res., 42:848-851, 1963,

. Baril, C., and Moyers, R.E.: An electromyo-

graphic analysis of the temporal muscles and
certain facial muscles in thumb and finger-
sucking patients, J. Dent Res., 39:536-553,
1960.

Belser, U.C., and Hannam, A.G.: The con-
tribution of the deep fibers of the masseter
muscle to selected tooth-clenching and
chewing tasks, J. Prosth. Dent., 56:629-635,
1986.

Bjork, A.: Prediction of mandibular growth
rotation, Am. J. rthod., 55:585-599, 1969,
R.B., Legan, H.,
Murphy, G.A., and Norton, L.A.: Cephalo-
metrics for orthognathic surgery, J. Oral
Surgery, 36:269-277, 1978.

LLA.,, and Kilpatrick, S.J.: An

analysis of myographic records of swallow-

Burstone, C.J., James,

Findlay,

ing in normal & abnormal subjects, J. Dent.
Res., 39:629-637, 1960.

Frame, J., Rothwell, P., and Duxbury, A.:
The standardization of electromyography
of the masseter muscle in man. Arch Oral
Biol.,, 18:1419, 1973,

Garrett, F.A., and Angelone, L.: The effect
of bite opening, bite pressure, and mal-
occlusion on the electrical response of the
masseter muscles, Am. J. Orthod., 50:435-
444, 1964.

Graber, T.M.; The “Three M’s*

malformation, and malocclusion, Am. J.

Muscles,

16.

17.

18.

19.

20.

21.

22,

23.

24,

—641 -

Orthod., 49.418-450, 1963.
Graber, T.M,, Rakosi, T., and Petrovic, A.G.:
Dentofacial orthopedics with functional
appliances, The C.V. Mosby company, St.
Louis, pp. 391-411, 1985,

Griffin, C.J., and Munro, R.R.: Electro-
myography of the masseter and anterior
temporalis muscles in a patients with tempo-
romandibular dysfunction, Archs Oral Biol,
16:929-949, 1971.

Greenfield, B.E., and Wyke, B.D.: Electro-
myographic studies of some of the muscles
of mastication, Brit. Dent. J., 100:129-143,
195..

Greenfield, B.E. and Moss, J.P.: An electro-
myographic investigation and survey of
Class IIT cases, Dent. Practit., 16:349-358,
1966.
Grossman, W.J., Greenfield, B.E., and
Timms, D.J.: Electromyography as an aid
in diagnosis and treatment analysis, Am, J.
Orthod., 47:481-497, 1961.
Gustafsson, M., and Ahlgren, J.:

and orbicularis oris activity in children with

Mentalis

incompetent lips; An electromyographic and
cephalometric study, Acta. Odontol. Scand.,
33:355-363, 1974.

Hagberg, C.H.: The amplitude distribution
of electromyographic activity of masticatory
muscles during unilateral chewing, J. Oral
Rehabil., 13:567-574, 1986.

Hagberg, C.H., and Agerberg, G.: Regression
analysis of electromyographic activity of
masticatory muscle vs. bite force, scand.
J. Dent. Res., 93:396-402, 198S.

Hannam, A.G., and De Cou, R.E.: The
dental
muscle activity and associated jaw move-
ment in man, Archs Oral Biol.,, 22:25.32,
1977.

relationship between occlusion,



25.

26.

28.

29.

30.

31,

32.

33.

34,

35.

Hannam, A.G., and Scott, J.D.: A computer-
based system for the simultaneous measure-
ment of muscle activity and jaw movement
during mastication in man, Archs Oral Biol.,
22:17-23,1971.

Hannam, A.G., and Wood, W.W.: The effects
of working-side occlusal interferences on
muscle activity  and associated jaw move-
ments in man, Archs Oral Biol., 26:387-392,
1981.

Helkimo, E., and Carlsson, G.E.; Chewing
efficiency & state of dentition, Acta Odont.
Scand., 36:33-41, 1977.

Hosman, H., and Naeije, M.: Reproducibility
of the normalized electromyographic record-
ings of the masseter muscle by using the
EMG recording during maximal clenching
as a standard, J. of Oral Rehabil., 6:49-54,
1979.

Hrycyshyn, A.W., and Basmajan, J.V.: Elec-
tromyography of the oral stage of swallow-
ing in man, Am. J. Anat.,, 133:333-340.
Ingervall, B.: Positional changes of mandible
and hyoid bone relative to facial and dental
arch morphology; A biometric investigations
in children with positional occlusion (Angle
class II div. 1), Acta Odontol. Scand. Supp.,
50:866-894, 1968.

: Facial morphology and activity
of temporal and lip muscles during swallow-
ing and chewing, Angle Orthod., 46:372-
380, 1976.

: Activity of temporal and lip
muscles during swalling and chewing, J. Oral
Rehabil,, 5:329-337, 1978.

Ingervall, B., and Egermark-Eriksson, I.:
Function of temporal and masseter muscles
in individuals with dual bite, Angle Orthod.,
49:131-140, 1979.

IngewalL B., Thilander, B., and Ridell, A.:

36.

317.

38.

39.

40.

41,

42.

43.

44.

—642—

Changes in activity of the temporal, masseter
and lip muscles after surgical correction of
mandibular prognathism, Int. J. Oral Surg.,
8:290-300, 1979.

Ingervall, B., and Thilander, B.: Activity of
temporal and masseter muscles in children
with a lateral forced bite, Angle Orthod., 45:
249-258, 1975.

Ingervall, B., and Thilander, B.: Relation
between facial morphology and activity of

the masticatory muscles, J. Oral Rehabil,
1:137-147, 1974,

Jarabak, J.R.: An electromyographic an-
alysis of muscular behavior in mandibular
movement from rest position, J. Prosth.
Dent., 7:682-710, 1957.

Jarabak, A., and Fizzell, G.: Technique and
treatment with light wire edgewise ap-
pliances, 2nd ed., The C.V. Mosby Com-
pany, St. Louis, pp.28-158, 1972.

Latif, A.: An electromyographic study of
the temporalis muscle in normal persons
during selected positions and movements
of the mandible, Am. J. Orthod., 43:577-
591, 1957.

Laurell, L., and Lundgren, D.: A standar-
dized programme for studying the occlusal
force pattern during chewing and biting in
prosthetically  restored dentitions, J. Oral
Rehabil., 11:39-44, 1984,

Liebman, F.M., and Cosenza, F.: Evaluation
of electromyography in the study of the
etiology of malocclusion, J. Prosth. Dent.,
10:1065-1077, 1960.

Lippold, O.C.J.:
integrated action potentials in a human

The relation between

muscle and its isometric tension, J. Physiol.,
117:492499, 1952,
Lowe, A.A.: Correlations between orofacial

morphology in a sample of control and



45.

46.

47.

48.

49.

50.

51.

52.

anterior open bite subjects, Am. J. Orthod.,
78:89-98, 1980.

Lowe, A.A., and Johnston, W.D.: Tongue
& jaw muscle activity in response to mandi-
bular rotations in a sample of normal and
anterior open-bite subjects, Am, J. Orthod.,
76:565-576, 1979.

Lowe, A.A., and Takada, K.: Associations
between anterior temporal, masseter and
orbicularis oris muscle activity and cranio-
facial morphology in children, Am. J.
Orthod., 86:319-330, 1984.

Lowe, A.A., Takada, K. and Taylor, L.M.:
Muscle activity during function and its
correlation with craniofacial morphology in
a sample of subjects with class I, Division 1
malocclusions, Am. J. Orthod., 84:204-211,
1983.

MacDonald, J.W.,

Relationship between occlusal contacts and

and Hannam, A.G.:

jaw-closing muscle activity during tooth
clenching: Part 1, J. Prosth. Dent., 52:
718-729, 1984.

Relationship between occlusal
contacts and jaw-closing muscle activity
during tooth clenching: Part II, J. Prosth.
Dent., 52:862-867, 1984,

MacDougall, J.D.B., and Andrew, B.L.: An
electromyographic study of the temporalis
and masseter muscles, J. Anat., 37:37-45,
1953.

Manns, A., and Miralles, R.: E.M.G. bite
force, and elongation of the masseter muscle
under isometric voluntary contractions and
variations of vertical dimension, J. Prosth.
Dent., 42:674-682, 1979.

McFee, C.E., and Kronman, J.H.: Cephalo-
metric study of craniofacial development
in rabbits with impaired masticatory func-
tion, J. Dent. Res., 48:1268-1274, 1969.

53.

54.

55.

56.

57.

58.

59.

60.

61.

—643—

McNamara, J.A.; Neuromuscular and eletal
adaptations to altered function in the
orofacial region, Am. J. Orthod., 64:578-
606, 1973.

Milner-Brown, H.S., and Stein, R.B.; The
relation between the surface electromyo-
gram and muscular force, J. Physiol., 246:
549-569, 1975.

Mohamed, S.E., and Christensen, L.V.:
Tooth contact patterns and contractile
activity of the elevator jaw muscles during
mastication of two different types of food,
J. Oral Rehabil., 10:87-95, 1983,

Moller, E.:

electromyographic study of the action of

The chewing a]paratus, An

the muscles of mastication and its correla-
tion to facial morphology, Acta Physiol.
Scand., 69:1-229, 1966.

Moss, J.P., and Chalmers, C.P.: An electro-
myographic investigation of patients with a
normal jaw relationship and a Class III jaw
relationship, Am. J. Orthod., 66:538-556,
1974,

Moyers, R.E.: Temporomandibular muscle
Class I,
Division I malocclusion; An electromyo-
graphic analysis, 35:837-857, 1949,

Nanda, S.K., and Merow, W.W.: Reposi-

contraction patterns in  Angle

tioning of the masseter muscle and its
effect on skeletal form and structure,
Angle Orthod., 48:1268, 1969.

Pancherz, H.: Activity of the temporal
and masseter muscles in Class II, Division
I malocclusions, Am. J. Orthod.,, 77:679-
688, 1980.

Pancherz, H., and Anehus, M.: Masticatory
function after activator treatment; An
analysis of masticatory efficiency, occlusal
contact conditions and EMG activity, Acta

Odontol. Scand., 36:301-316, 1977.



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Perry, H.T.: Functional electromyography
of the temporal and masseter muscles in
Class II, Division 1 malocclusion and ex-
cellent occlusion, Angle Orthod., 25:49-58,
1955.

Perry, H.T., and Harris, S.C.: Role of the
neuromuscular system in functional activity
of the mandible, J.A.D.A., 48:665-673,
1954,

Posen, A.L.: The influence of maximum
perioral and tongue fdrce on incisor teeth,
Angle Orthod., 42:285-309, 1972.
Pruzansky, S.: The application of electro-
myography to dental research, J.A.D.A.,
44.49-68, 1952.
H.J.:
electromyography in the quantative study

Ralston, Uses and limitations of
of skeletal muscle function, Am. J. Orthod.,
47:521-530, 1961.

Ramfjord, S.P., and Garnick, J.: Rest
position-An electromyographic and clinical
investigation, J. Pros. Dent., 12:895-911,
1962.

Ringqvist, M.. Isometric bite fqrce and
its relation to dimensions of the facial
skeleton, Acta. Odont. Scand., 31:35-42,
1973.

Shpuntoff, H., and Shpuntoff, W.: A study
of physiologic rest position and centric
position by electromyography, J. Pros.
Dent., 6:621-628, 1956.

P., and Stallard, R.E.: Ocsal
interference and mastication; An electro-
J. Pros. Dent., 17:

Schaerer,

myographic study,
438449, 1967.
Stacy, R.W., Hickey, J.C., Woelfel, J.B.,
and Rinear, L.: Electromyography in dental
research; Part I, Geometric placement of
reference electrodes, J. Prosth. Dent., 8:
351-361, 1958.

72.

73.

74.

75.

76.

717.

78.

79.

80.

81.

82.

—644—

Electromyography in dental
research: Part II. Frequency, Response,
Requirements, J. Pros. Dent., 8:1049-1054,
1958.

Steiner, C.C.: Cephalometrics in clinical
practice, Angle Orthod., 22:8-29, 1959.
Subtenly, J.D.: Malocclusion, Orthodontic
corrections and orofacial muscle adapta-
tion, Angle Orthod., 40:170-210, 1970.
Takada, K., Lowe, A.A., and Fraund, VK.
Cahonical correlations between masticatory
muscle orientation and dentoskeletal mor-
phology in children, Am. J. Orthod., 86;
331-341, 1984.

Tallgren, A., Melson, B., and Hansen, M.A.:
An electromyographic and roentgen cephalo-
metric study of occlusal morphofunctional
disharmony in children, Am. J. Orthod., 76:
394409, 1979.

Vitti, M. and Basmajian, J.V.: Muscles of
mastication in small children; An electro-
myographic analysis, Am. J. Orthod., 68:
412-419, 1975.

Wish, P.J.: Mandibular function and dys-
function in patients with mandibular prog-
nathism, Am. J. Orthod., 85:193-198, 1983.
Woelfel, J.B., and Hickey, J.C.: Electro-
myographic analysis of jaw movements, J.
Pros. Dent., 10:688-697, 1960.

Wood, W.W.: A review of masticatory
muscle function, J. Pros. Dent., 57:222-232,
1987.

Wood, W.W., and Gelfant, H.: Effect of
occlusal reconstruction on the reproduci-
bility of chewing movements, J. Pros. Dent.,
46:181-184, 191,

Wood, W.W., and Takada, K.: The electro-
myographic activity of the inferior part
of the human lateral pterygoid muscle
during clenching and chewing, Archs Oral



83.

84.

85.

86.

87.

88.

89.

Biol, 4:245-253, 1986.

AHER . ERAERNRIC R ZEE
BBEEL D HEBICWT 35%, HAwE
48 T20-T44%-Y, 1975.

NREE | T HRTIE B T AR
BEBSNAS, whHE# Vol.73, No.4,
1973.

PR OMIEE: THIRE WEWEigIch
ARG EE, WE 2DV TOHER,
HAEEEES, 41 244-259, 1982.
EFER | TNIEBRAE O IBEA
BoE. BoKEss, 34, B

BIZBIT 3

HERZE © HMIGE) & - AR o
BEHR, HiEWEE 35 255-265, 1976.

7&%‘% 24}]-0
=9 A=
19 1 76-92, 1968.
257 Angle 13§ % % ki
& Aol YoMl 252 o mo] I
3 A= g

EDEX R R CEIEE

4, Aedga FEA,

90.

9l.

92.

93.

%M.

—645—

93-98, 1969.

g, HPgA D 2AEF ol&T Angle
A IF 1% FAagAet Fdadatd
FEEAE #AE AT HRA A}
3}%], 18:89-103, 1988.
28, Ad4 . Py o
LERFES O B3 A7, A HAmAE
=], 17:15-21, 1987.
AARE, FFol, AFY dxal A
WAl zo 3 AsHd o, oigd
a3l A, 14 33-37, 1984.

FodT, A, ol&EA I AAHITA 2,
378 Ao 3 FARY LRl T
g o7, Gz, 2:35-40,
1971.
=93,

o3,
o
kI
)
o,

2

¢

L

A%,

periodell #3& AT,
7. 33-39, 1983.

o]2& . A=A silent

3T E 3 A,



— ABSTRACT —

AN ELECTROMYOGRAPHIC STUDY OF MUSCLE ACTIVITY IN
NORMAL OCCLUSION AND SKELETAL CLASS Ill MALOCCLUSION
IN ADULT

Taik-Soo Kim, Byung-Hwa Sohn

Department of Orthodontics, College of Dentistry, Yonsei University

The purpose of this study was to investigate the relationship among the activity of the cranio
facial muscle and craniofacial form and occlusal state.

In this study, subjects were consisted of 23 male adults with skeletal Class III malocclusion
and 30 male adults with normal occlusion. )

The measurements in oral exam, lateral cephalogram, and E.M.G. recordings of anterior
temporal, masseter, and upper lip muscles at rest position, clenching in centric occlusion, chewing
of gum, swallowing of juice, were analyzed with SPSS system.

The results were as follows;

1. At rest position upper lip muscle activity of skeletal Class III group was significantly higher
than that of normal group.

2. Both clenching and chewing masseter and temporal muscle activity of Iibrmal group were
significantly higher than that of skeletal Class III group.

3.  During swallowing of juice, upper lip muscle activity of skeletal Class III group were signifi-
cantly higher than that of normal group.

4.  The activities of masseter and anterior temporal muscle during clenching and chewing were
significantly correlated with hypodivergent facial form and number of occluded teeth.

5. The activity of upper ‘lip during swallowing had positive correlation with mandibular prog-
nathism.
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