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Figure 1. Analyzed chewing trajectory.
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Figure 2. Ciassification of morcholog.cal chewing patterns in the frortal and sagittal plane.
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Table 1. Clinical features in all subjects

M/O(mm) D;iation Ai Di Oi
Total N=63 421+87 14x15 1.8+£05 24%07 16106
Patients Unilateral |Closed lock N=14} 33.1+85 28+14 2.0£00 24+08 1.8+04
group agre(;id DDR N=18 468+54 1.1£1.1 1.7£06 21208 1507
‘ N=39 DJD N=7 41.0%72 0911 2.0%00 2904 1.7+05
i Control group N=15 509+52 0.1+05 000 02+04 11208
M/0 : maximum mouth opening, Ai  © anamnestic index, Di : clinical dysfunction index,

Ot occlusal index,
DJD : degenerative joint disease
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DDR : disk displacement with reduction,
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Table 2. Comparison between unilateral affected patient group and control group

F Chewing trajectory(mm) Chewing velocity(mn/s)
Vertical Lateral A-P Max. lat. | A-P/Vert. Openin Closin
Distance | Distance | Distance width ratio pening g
i Aff/ Pt. (N=39) 13.8+39 17£36 62+28 40+1.8 | 045+0.15 110.3+399 ; 105.3+£47.0
t
. Unaff/ Pt (N=39) | 140%46 26+28 6.4+26 37+15 | 045%0.16 | 1087321 | 1049%422
Control group (N=30)! 142+3.1 3521 50+18 48+31 036+0.13 | 113.7+26.3 i 1219+28.1
|
« Aff-C = Aff-C |
. I Aff- NS Lok e
: 8] N.S. * Aff-C «Unaff-C N.S. «Unaff-C NS. * Unaff-C

Aff - C o affected side of patient group vs. control group.

Unaff - C
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. unaffected side of patient group vs. control group




Table 3. Comparison among affected side of unilateral affected patient group and control group

Chewing trajectory(mm)

Chewing velocity(nn/s)

S EA o A A dE A e A9
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Vertical Lateral A-P | Max. lat. | A-P/Vert. Openi Closi
Distance | Distance | Distance '  width ratio penng osing
;(,‘]osed lock N=14| 12122 22+38 56t25 ‘ 43+15 0.46+0.19 96.2+23.7 90.0+269
DDR  N=1I8 15.2+48 1.3+36 68+33 38*%18 045+0.13 1234+505 | 121.3+618 !
DJD  N=7 13.3+3.0 06%35 57+15 40x26 042+0.14 104.7+24.9 094.7+124
Control N=30 142+31 35+2.1 50+18 48+3.1 0.36+0.13 11371263 | 1219281 |
b CL-DDR | *DJD-C | *DDR-C | NS. #CL-C | *CL-DDR i%{}é”m
U'DDH : closed lock group vs. disk displacement with reduction group,
DDR-C  : disk displacement with reduction group vs. control group,
g e ) vw
CL-C * closed lock group vs. control group,
DJD-C  : degenerative joint disease group vs. control group.
7 %ol tH(Table 3. T4 HEAAE HA4 BB R vsto]
Blo| o] Himel| M= o] ZHEol| A o] Hwm et AA vetsten, HEdAgdi e ozat
A AT AEAY T 4P BHES Aorh AN AT AFAARS 42
Te zea 4uy BARBANZ Hsel 4 BRABA Tl Uiz 2o vl A4
Aghd e Btk W74 BEAVFS A 5} md BAS UERIcHTable 4),
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Table 4. Comparison among unaffected side of unilateral affected patient group and control group

Chewing trajectory(mm)

Chewing velocity(nn/s)

{ Yertical : Ijateral 'A-P Ma>-<. lat. A-P/Yert. Opening Closing
; Distance | Distance | Distance width ratio
gClosed lock N=14/ 122424 1 22426 | 58+29 | 32%13 0.46+0.21 987+247 1 90.1£258
§ DDR  N=18 16.0+4.8 ’ 24+31 71227 ' 38+14 0.44%0.12 11664377 ‘ 120.7+53.8
" DI N=7 ° 120%55 39+2.1 58+1.4 43+19 0.47+0.11 10814277 941+154
‘—v&;‘;.;litl‘()l N=30 14.2%3.1 35+21 50+1.8 48431 | 036+0.13 1137£263 | 1219%281
K Lf)JLDD[?gR NS, | €DDR-C | eCL-C | sCLC NS, (L[I”*IZDR |
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Table 5. Comparison between preferred chewing side and contralateral chewing side in control group

N=8
Chewing trajectory{mm) Chewing velocity{mn/s)
Vertical | Lateral AP | Max la | A-PVert | ' o
Distance Distance Distance width ratio pening Smg

b) -

}rfferr‘if dghe‘”“g 141434 | 29%28 | 52%15 | 42%17 | 038+0.13 | 1125%307 | 1164+
Contralateral 152411 | 35+17 | 53%19 | 43%16 | 0351010 | 1244+326 | 1255+424
chewing side

D NS. N.S. N.S. NS. NS. x NS.

Table 6. Comparison between preferred chewing side and contralateral chewing side in bilateral disk
displacement with reduction group

N=11

\

Chewing trajectory{mm)

Chewing velocity(mn/s)

Vertical Lateral A-P Max. lat. | A-P/Vert, Oreni Closi
Distance | Distance | Distance | width ratio | penne OSIng

i Dy :

‘“Cfe"i?dzhewmg 144454 | 33+39 | 58+27 | 44%26 | 0414018 | 1140+359 | 1240+396
Contralateral 145446 | 26%56 | 60+15 | 36+24 | 044017 | 1072+296 | 1135+401
chewing side !

I
b NS. NS. NS. NS. NS. NS. | NS

Table 7. Comparison between preferred chewing side and contralateral chewing side in bilateral
degenerative joint disease group

N=8

Chewing trajectory{mm) Chewing velocity(mm/s)
Vertical Lateral | A-P - Max. lat. | A-P/Vert. Oreni Closi
! Distance Distance . Distance | width ratio pening osing
D Preferre [ ;
 Prefer “S dzhe““‘g 125432 | 12%16 | 7736 | 4117 | 064036 | 1168+234 | 980+247
Contralateral * 51 4 ps | 97416 48426 | 51416 | 054+028 | 1128%368 | 916+268
chewing side | i ‘
D N.S. N.S. NS koK N.S. N.S. NS
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Table 8. Mean value of total left-right statistics(TLR) in occlusal contact

i Patients(T~scan record) Subgroups

1 M/O<35mm M/O>35mm Closed lock DDR DJD Control G.
(N=9) (N=27) N=14 N=15 N=7 N=15

? TLR 10.70£4.95 6.06%+353 9.86+4.52 567370 4691166 6.18+457
b - « CL-DDR, CL-DJD, CL-C

TLR : Total left-right statistics, M/O : maximum mouth opening,
CL-DDR : closed lock group vs. disk displacement with reduction group,
CL-DJD :closed lock group vs. degenerative joint disease group,

CL-C : closed lock group vs. control group.

Table 9. Chewing patterns in each groups

Frontal chewing pattern Sagittal chewing pattern
F1 F2 F4 S1 S2
Aff/ Pt .
(N=39) ©14(3590%) | 20(5128%) 3( 7.69%) 2( 5.13%) 25(64.10%) 14(35.90%)
= |
I
Ur(lilf;/;t' 9(23.08%) 14(35.90%) 6(15.38%) 10(25.64%) 23(58.97%) 16(41.03%)
OB ganeTe) | 22733%) 0 217000%) | 9(3000%)
D *xx 1 Unaff-C NS.
F . frontal plane, S @ sagittal plane,
Aff-C . affected side of unilateral affected patient group vs. control group,

Unaff-C

. unaffected side of unilateral affected patient group vs. control group.



Table 10. Comparison between affected side of unilateral affected patient group and control group

Frontal chewing pattem Sagittal chewing pattern |
| Fl1 F2 F3 F4 S1 S2
- Closed lock (N=14) 5(35.71%) 7(50.00%) 10 7.14%) | 1(7.14%) | 9(64.29%) 5(35.71%)
DDR (N=18) 6(33.33%) | 10(55.56%) 10 556%) | 1(5.56%) | 13(72.22%) 5(27.78%)
DJD (N=7) 3(42.86%) 3(42.86%) 1(14.29%) | 0 3(42.86%) 4(57.14%)
' Control G. (N=30) 8(26.67%) | 22(7333%) | 0 0 21(70.00%) 9(30.00%)
) NS. N.S.

Table 11. Comparison between unaffected side of unilateral affected patient group and control group

, Frontal chewing pattern Sagittal chewing pattern 1
“ F1 F2 F3 F4 Sl S2 ?
‘ Closed lock (N=14) 5(35.71%) 4(2857%) | 3(2143%) | 2(14.29%) 6(42.86%) 8(57.14%)

x DDR (N=18) 3(16.67%) 8(44.44%) | 2(1111%) | 5(27.78%) | 13(72.22%) 5(27.78%)
DID (N=7) 1{14.29%) 2(2857%) 1(1429%) | 3(42.86%) 4(57.14%) 3(42.86%)
Control G. (N=30) 8(2667%) | 22(73.33%) |0 0 21(70.00%) 9(30.00%)

p #x : CL, DDR, DJD - C N.S.

Table 12. Correlation between each items of unil-

ateral affected patients group N=39
. . . Chewing
| Chewing trajectory velocity
‘ Vertical | Lateral | A-P |Maxlat. Opening
| Distance | Distance|Distance| width | phase
Lateral
Distance
A-P | 0.70%%%
Distance| /0.57%**
Max lat.
wiath | /037"
Opening | 0.62%#* 0.38%
phase | /057x*x /0.33%
i Closing | 0.74%xx 0.52%%x 0.69%xx
1 phase | /059 /0.40% /0.675%

Affected side / Unaffected side

298

Azl A H T &5 2o, 28l ATFE =S 5
TEE ol FofatA velden ojgh&a) v
o|gZo] AL fAMEIHON E7t2 Hlo|HE
M sAA S} HANSWET o Aol
HH = A Table 12).

v &2 % N3

sttEFe 715 S Y3 g Algsie AT
7} (pantography)’” 7} &lete] &4 $E & 7123
b LREXF AMEH O gtov Aal Y B
A EFVIE/N7E MEEHEAN FASF B oly
B 715 EFE foldHA 4,

| S AFPIIR sler ez ol s 23 B0l

UA
Ssepgolel Atk BY FeHA 22N

shrhe FHBVEIe] gl gol® wals

o

o b 3o W o o



o 7153} $H e ZFsebgolel Ue
[e)

o o2 HAREH|WARE A
#Hdo] gl Muhho g npd 4 g
St e BT 27 & o] &8 A agulo] TE A

Tl A dA msok & Atg-2 717 =bA| 7} 7}
A F e 22 7heAdE gz AdA 9l
= A2EEE & ¢ dert ske Aolth Balkhi
e A &E WA B sk ZIAH o3t
7b g 4 A 3 HRA SHE &F0
2 T HosleheES g

Ued A8t S48t 23t Fdd s
Eretn @A A 715H st EE
AEg 5 dvke #24% Utk”. Howell™
Sirognathograph® #}Ae] 10= $14 & wjsic}
Imme] @2p7F whAlgtcha ehgict, 18l Balkhi
e A2zl A EM(linear analysis) E}”
g o] 3’15}51 OPM-—W Ho A AEA 9
01*1 = 71&dof dttha kTt 2w
21 A 2 4Omm77}zl“ kg8 MAE%(best line-
arity) 8 A Zsht 1 o)) el e AHTt
et n Bastdt el AA-A AL A
222 gEol 0~12mE EAEgRo R §o3F
ato) 7} glo] Sirognathograph?} A 2% 59
glol 222 Hrlst=n AlE|Alo] 9ltha B as)
Gtk ole} o] st EI &7 st 7%
g 71Ested 2ab7b A glow Fate
4]l ko] Aol & EE{LH Fo2 YA 3

o ejnzt oth E=§ ZFaetgele
clel Ak deded Al-‘ A g 7
o Al AZ M5 P oR ARATE

sk bl —rr%o}‘/‘r"' EREAH. B AT
X o] 8%t Electrognathography (Bio-Research
Associates Inc.. U.S.A.)¥ Sirognathograph®l
MRS Mg Frksted gHE 7|24 g9
4o ATH, AT 2 FEB g FA
ST en
o1zl A5E HFE oA Helste] g E R
e B2 o gidaid s & go] Lol
st urEA Q) FARRC P R ozak7F A9 ¢l
g AR (EMG), A=A F=(Electrovibratogra
phy) S0l ThE 71s Golehl AE A £

o FEWUS L LEEES

140 ;S]_tﬁ_.?. ﬁ, /* 9\11— Z]-x%o] oh;].
Lol A Zi’i}‘*ﬂh: Aa&o 2 Hakd A
‘54“ AE E9E 2%({tear drop-shape)Z 3.91
o} Neill”'2 ztzhe] 2] o a} 2 Y A
27t 49~67mel 2 =3 N FL 145~187mn
2 Basgon Jem t‘:)(”" zmﬂa% 42~
5_3mm°]31 ’-‘4 7H:F' B a 135m=E EJ”_?'S}O% B
Aol FAE 2T FF HAL 35m
o FAMNTF 142me WAZ FApEbch
(Table 2). % 715559 J5FL5o #3
A2 A& FFstetgel kel BAE o]
sted 5ot old Ay thebs why
o g AlgE o] e Hickey™e H&A %
AE A57F HdE 25m b o] FEF 3 FA ol
& E"'I‘\ 4mn P ol FetHom ojujel
HFHAGFE 7 2 Baustsich gl old o
Cla= Xdil«‘% SEHL 4ms Haste B o
TFoM HEE iz FAMNFE 14.2med A
o] AT Furuya®e 493 #xpol
2 AT ME o] §&5T Hlo| FHEe] At
< garn Busirt 2 AL vlejdt
29| A2t o|FZRT} HWHsL & F4E

RolE A2 o8l SIfE A volBe A

r:u

o

r*q'

A& EMeE Ao Agata 840 v
aciE= ¥Ba 1»311:}"““. o M & Bhabto]

2ol H|dte, H]o]ZhEo] o] gt&of H]Blo,
a3 BA A Ee] A AqzEe H|dted #
A7t & A% Bk m Aol Fepd

HEE By ol °ow‘ 2 HE BYax e b

o] gk &) H]3| Hl|o|ZtFo] X Felg A
o] & Ko nlo|BtEo 2 A 2HA| 7]FA )]
27t 9 ZA s Aoz AZEtH(Table
9).

AEEe] &0 e Jemt 5V 22t %4
m/s, 70 m/sE MPFEE7}F JFEc i) we
ot Eanstgout B dAfoMe tizadlA
Ztzb 33 113.7 ma/s, 1219 mn/s8 7] £5]o] )
TEert weE A Byt & e ele
Zaltol M o) k& o] M2 Ex 72} 110.3 m/s,
106.3 mn/s<} vlo] &&e] M 24 % ZHzE 108.7 mn
/s, 104.9 my/s Zroll & Aolzt gl out $kattol

299



]
8
it

o

23 | HFEEE FYT A
tH(Table 2). 283 ]:r“é I
¥ Ead HAAZTY A AEEA o
Blo|$tE BRoA xzadd FEAH #
ol Blsle HFEET NFEER
-9 B cHTable 3, 4). 3t $tAF
: 7o 2 483 A3 35m o]
ol wHHEFY Aol Hyken &

Afﬂ
A
e
"
25 =

)
)
oﬁ Hdo

ir

N
=

o o SL X oo O T
Ho e o N
i

Mo
oy
&
g
m\m

o

kel vlmol M # 1A AFAY e HeEd
ol AEA FHAAUL T, HPA BHEAS
st e e S H@i fojetA & g B
WA Ee Ehg S Vel tHTable 8).
Howell £%'& _71:3—254 Aga 5318 R A
st = 8 diidzte] gz A2 g2
g st o FAl didake] B%iM e o
TAdol T 121‘4'7 Basnh ol 715

olo} BlmA <kF el AALY, HARRZE A@A
< gl F= 7;4\01‘3}. 53 2v ARF7)e &5
Holnoke HFrle &xrt 1S Aol
oltbm B33ldch Feine $%Y2 Mandibular
Kinesiograph& ©]-&3+ atet-&5 2 #2904 of
Z273 g7 ozt it Basgith 1
Hu A 2719 B oA Ted] "good” "fair”
"poor’eti BF3| vlmgo M A e F
29l Aozt A 4 vrel) gle BAH ol AU
t}. Naeije & Honée q"“ AF-HF-ojetE7] &
FolA At gd AEG e EFS T A
< oty Hudiet O]r‘:— AR} A} Al
g s 71dste 2
dejol oA FEE ‘%‘—l%%iﬁ’.i At
LEBrR S5 4

Bl & ajol7h UNA| T xwookeﬂ—t— gk
AE Aol ddeom MAAR AztelEL A
olgl: Ra% i =3 Jemt S AV
ZHTNE)o) AR wEAEQ 71Eq AR 7il
2 EA2 0l Az Gt Ho ATty o
sttt w3 o AAe] HIT AR e ot
gt ot uAMU}" B35tk Wilding™'=
AzF71e F WA FeHe &
i W 51 7] Eﬁ"‘” a A % Zﬂﬂﬂ %’S H

(central core)ell A= of -

300

Aok oY FAL H|F Wzt FHTL)Y
7120|190 A 5 Ahlgren'’ol| oS E &elF
o & drdME g/dze] Azr17E A
A FAR WA BER AR AT E
AetA FAre Az g e AT

Ml Azpekepo] & Q&S A AR
Aztel e AF 7t FHAR A& Solnh. M
8t A& n@de #Ad g A4 e
ZE381A ¢tou} Ahlgren'”e A&gE|7L 9
ot} £4Aolgtn Bugch Pond"e 437

S 53 A A3 453 AlSAQA AE A
of g A AEAdE Bugou Mo
oJu} Helkimo®] 74715 )Asete
FAde] gloka stk AR A 37 Wilding
Yol e A= B e tdztel 45%7F 4
T AZEE A AR dEste Solu ) &
7 2218 B8 3= 4840l gtk B3
At At Ale] Hol A zpge)zt &3 =
A 584 AFwte] Wste] F&E n]A £ gl
2 e BAE T L AR o g,
%—72}°H NHATFA HY, 2553 #EF ol
Fotet ol ghate] A &-Fol vhekatAl FaF
AT A &A= diele 3o gtz
3G B AFE %S Ao 4
o)X= 82l #AfA = vl ii 40] A RE
Z2Tolt 434 ojdtd A A AT
& AAeFY 29 lﬂ W oA
Az Zo] Wi Zo] H|sl] AT FFHAE
Holx ZAgke] JAEAY. WETAM FH4
A 2} Zo] Wt Sof H]3) ba‘ AAEEE B
o FEA olBAl e FHA AZHSo] w
E AT Ho Y27, ﬂzﬁ“’ﬂ FHQlol 58
] AzZtZo] H& kAol SFHA A2
HE ol Aog AZEHTable 5, 6, 7).

2e ApAEe] EFotdgofate] A2k
He A4 dzzd dadn Zasgot?
Kuwahara™e 343, 924, ¥34 484
TS v wd AFoM FEFA JuARWAA Lo
AATolv HE o|ZFo vla] Algtd EH
Aot Zad AREEE 7Y Baustsl e
ole AR, A 2w HreF

10 }o{- ™
|
()

F\")'

P

f'

mﬂmﬂ

[s)

mlo Bx m\o J

_4

-



]
o ag AAERE Ho ¥l&d AFS B3
o ek F3A =AY BEEgSTY Af g0
H Az HYSHEA o] i Fof g A
oW (Table 7) HEA

| g B9y waABT

Mlal A4 ol@g el A AL}

0% W oge nol WAl Yee s 2
J O,

223} 7;9.; Agz}smw. el oA I\U‘
B

wahara
H ol A d%éﬂ PZH 79?“‘7%& k& OIﬂ
oA Frhsttha e ol AFEFo
Agto g HTrt FUE FHAN FALS &
Algtct o stgich Ed HE olgtEn HATE
0 2e] Zo] Y Ze] AN E BAYSY ¥F of
g ol & BHAY AAAHQ A S| glo] o
S 43 Algte] EAgttn Bt 283
o @ AAT okZE o|gkF HE o|Fy 7He A
&g e fold 2ol 7t sivkm mastgint?.
2 AT s AE olghd A9 o|FF v
fEo] A ZEFAA AT LA hxdd ¢
A & 7A%E Jdehlden A4 AFEEY
T3 Bl BAEATE A HHdgu Yy
Toluh dizol Bla|A A ghE A ket =
gl AZ4E=E Jepiol(Table 2, 3, 4) 59
FEA o] A& Aol Az Y-S
A f1E T FEATAATE FFe] A
?}“E}Ml RE JaE nAe o AztEr
Kuwahara 578 &5 Vol Bk} 7} wloj &
o At AYE AFE FYrEoR
ANHTE 2HEE Ao VY ZoE A
95 n 7H-’,15./] U}E—E (convexity)”} 5=
o FfFEE rtezictn Basdo & o
2eld B3 olabel AduHe MEEE )
Wt A AFH el vejgE hxT
7’}011 Aol & HBYlow o|3&HE thE AEE
2 e olE Hlo|gEe] AAtA] Mol %
FAL do] vl H o2 HY g 3, 480 $7}
k7] wiEoletm Y2t o e oY &
Sofetaefe] WEH A E vl A 4ol e

—

ol
o
13
I

wEEo] d¥E FE BTt ZEWr Al
A Hefol| M zho] 7} FAE A A TH Table

olF FAS AL BFAL AN S
AREEF H4H S Ao 4 B
9 e SHA Ytk ol ol Az
ol AAE Bag GrEE Ak Age)
4547 240 old) A B n g
Ao 4215 Sl ABelern ARG
3 al e, AeH 9 s A o
E}- *1'@-7}‘17 = _7:._ 0}01—_,_.},/3;]/] /H?‘iu:H_,_oﬂ
N2 che®e) Jse 98 AL wge
2 84 Azeel Badel Frkshe Aoz
Y29t adelE BPekn 53 elele)
Mol Azege ARYL olo] we Aol
golen P Agele Ba0] FFotet
Aolel Aete] H89 X7k P + A0 B
Q7o) Aske 2Fa ot ARl w3
Aok Ag BelEch e A £71 A9l
2 A% 998 A e 2ol g el ¥
#eg e Ed 22tel gelol AztgHol vl
A Agel Bk Q7w vigHEe dow
o& e AL ASHY A7/ Basiek

’U

PQ}—‘%%" 32t H e g2 71587 9i8) Elec-
trognathography(Bio~Research Associates Inc..
USA)E ol&3tdth tidAtelA 2 o=
BoulclgEon YRS & 3 AG4dE A7

301



%ol Yehtd dEAQ 3519 AH4FI1E 2
Hotm, obgd AT SE9 n@HZel
PHA S BEIAT PoiR A2 E EUE @
A2o EF 29 Aol ol FE3} wlo]BE 7
of ajo|, HHA A%E3} WS zkel o),
ol BE RSBFEY Ao 2 AT
e WE Sol Bl W, ATsilon o

=0 22 2Es dUn

O

._.
Fﬂ\i
1L

o mmelq AEYAY, £HAel o]
FuAZe wge BN Do
Aele BAEe oBFe] BEEuT
W, AFEEE $R2Y ool
ek w2l vehst

1847 H5ERATH Hey B
& ol@E3 HoBE oA YET 2
3 TEABLAA 1 £UA7 3

o9
o
|-..L4

or‘Ulo

Jz oo v BN XS

Hﬂﬂirﬂéﬁimr&"«‘

oS
2 o8
s {N‘Jh,
E‘ﬁ'}ﬂ

imoN
:eogﬁ*
&il
[OJN

3
'—‘Eoﬁ
Fo gy o B
omr_‘\%mlo
Iﬂ.r
= 5 2
[‘{(‘_3:L
U oy
g
o B
NI
P
AR

2

r‘U e
ox r
o2
U
T~
k)
=
32
no

oA NFEF BmE JIFor FERI
Smn ©]$Fel ol mEFHE FEA o
o, AojE e o] GE vudMe }F
Zo] ARA BAARNAYT HPYN B
2R ol vl #F/gdo] A

OS]

YN0 il e r

N

1l

o
w ol 30

Bul

5

oAl o
~

5 A zFE1e] Fed vlud A xR S
Z 7t AFH o zpo]z}

AR ey dx2Fa FAFY oS o=
A

6. SAZAA 2t G2 el ABBAL $17
29 HEAE @ AATF SE o, BF
WA A AT S5 zhel, 22T ATEE
g AFEE ol folsl Egon o|@

Z3) w05l PP AL

|

AD
re

|

1. Farrar WB : Characteristics of the condylar path in

internal derangement of the TM]. ] Prosthet Dent
29:319-323. 1978,

302

2. Proschel P ¢ An extensive classification of chewing
pattern in the frontal plane. J Craniomand Pract
5:56-63, 1987.

3. Maruyama T : Clinical Physiologic Occlusion. Tok-
yo; Ishiyaku Publishing Company, 1988,

4. Mizumori T, Miyauchi S, Maruyama T : Clinical
classification of the patterns of mandibular move-
ments during mastication in subjects with TM]J
disorders. Int J Prosthod 5:122-129, 1992.

5. Mongini F, Valenta GT : A graphic and statistical
analysis of the chewing movements in function and
dysfunction. J Craniomand Pract 2:125-134, 1984.

6. Kuwahara T, Miyauchi S, Maruyama T : Char-
acteristics of condylar movements during masti-
cation in stomatognathic dysfunction. Int J Pro-
sthod 3:555-566, 1990.

7. Dolwick MF, Riggs RR : Diagnosis and treatment
of internal derangement of the temporomandibular
joint. Dent Clin North Am 27:561-572, 1983.

8. Mohl ND, Dixon C : Current status of diagnostic
procedures for temporomandibular disorders. J Am
Dent Assoc 56-62, 1986.

9. Mohl ND, Obrback RK, Crow HC, et al : Devices
for diagnosis and treatment of temporomandibular
disorder. Part 3: Thermography, Ultrasound, ele-
ctrical stimulation, and electromyographic biofeed-
back. J Prosthet Dent 63:472-477, 1990.

10. Kuwahara T, Bessette RW, Maruyama T : Chew-

ing pattern analysis in TMD patients with and
without Internal Derangement @ Part 1. ] Cranio-
mand Pract 13:8-14, 1995.

11. Ahlgren ] : Mechanism of mastication. Acta Odon-

tol Scand 24(suppt 44):1-109, 1966.

12. Kawamura Y : Neurogenesis in mastication. In Ka-

wamura Y (ed), Frontiers of Oral Physiology.
Basel; S Krager, 77-120, 1974.

13. Maruyama T, Higashi K, Mizumori T, et al. :

Clinical study on consistency of chewing move-
ment - Chewing path of the same food. ] Osaka
Univ Dent Sch 25:49-61, 1985.

14. Jemt T, Olsson K : Computer based analysis of the

single chewing cycle during mastication in repe-
ated registrations. J Prosthet Dent 52:437-444,
1984.

15. Karlsson S. Carlsson GE @ Recording of mastica~

torv mandibular movements and velocity by



=

20.

28

oploelectronic method. Int J Prosthodont 2:490-496,
1939,

). Klineberg 1], Greenfield BE, Wyke BD : Afferent

discharges from temporomandibular articular mec-
hanoreceptors. An experimental analysis of their
behavioral characteristics in the cat. Arch Oral
Biol. 16:1463-1479, 1971.

. Schweitzer JM ¢ Masticatory function in man, ]

Prosthet Dent 11:625-647, 1961.

. Hickey JC, Allison ML, Woelfel JB, et al : Mandi~

bular movements in three dimensions. ] Prosthet
Dent 13:72-92, 1963.

. Gillings RD, Graham CH, Duckmanton NA @ Jaw

movements in voung adult men during chewing. ]
orosthet Dent 29:616-627, 1973,

Jemt T, Karlsson & © Computer-analyzed move-
three dimensions recorded by light
emitting diodes. A study of methodological errors
and of evaluation of chewing behavior in a group
of yvoung adults. J Oral Rehabil 9:317-326, 1982.

ments  in

. Wilding R], Lewin A @ A computer analysis of nor-

mal human masticatory movements recorded with
a sirognathograph. Archives of Oral Biology. 36(1):
65-75, 1991,

2, Jemt T, Hedegard B : Reproducibility of chewing

rhythm and of mandibular displacement during
chewing. J Oral Rehabil 9:531-537, 1932

23, Howell PG, Ellis S, Johnson CW : The recording

and analysis of EMG and jaw tracking. II. Repro-

ducibility of jaw tracking. J Oral Rehabil 20(1)
13343, 1993,

24, Feine ]S, Hutching MO, Lund JP @ An evaluation of

the criteria used to diagnose mandibular dysfun-
ction with the mandibular kinesiograph. ] Prosthet
Dent 60:374-380, 1988,

. Neill D], Howell BR @ Computerized kinesiography.

J prosthet Dent 20:629-638, 1985,

- Nielsen 1L, Marcel ‘T, Chun D, Miller AJ : Patterns

of mandibular movements in subjects with cranio-
mandibular disorders. ] Prosthet Dent 63:202-17,
1990,

27, Hannam AG, Scott JD, DeCou RE @ A Computer

~hased syvstem for simultaneous measurement of
muscle activity and jaw movement during masti-
cation in man. Arch Oral Biol 22:17-23, 1977.

Nohl ND. McCall Jr WD, Lund PL, et al : Devices

29,

30.

32.

34.

37.

34,

40.

41.

for diagnosis and treatment of temporomandibular
disorder. Part 1: Introduction, scientific evidence,
and jaw tracking. J Prosthet Dent 63:198~201, 1990.
Isberg A, Widmalm S-E, Ivasson R : Clinical, phy~
siologic and electromyographic study of patients
with internal derangement of the temporo-
mandibular joint, Am ] Orthod 88:453-460, 1985.
Velasco J, Tasaki T, Gale E : Study of panto-
graphic tracings of TMD patients and asympto-
matic subjects. ] Dent Res 70:abstr 843, 1991.

. Lemmer J, Lewin A, van Renshurg LB : The mea-

surement of jaw movement, Part [. | Prosthet Dent
36:211-218, 1976.

Lemmer ], Lewin A, van Renshburg LB : The mea-
surement of jaw movement. Part Il ] Prosthet
Dent 36:312-318, 1976.

33. Toolsen GA, Sadowsky C : An evaluation of the

relationship  between  temporomandibular  joint
sound and mandibular movement. J Craniomandih
Disord Facial Oral Pain 5:187-196, 1991,

Widmer CG, Lund JP, Feine JS : Evaluation of
diagnostic tests for 'TMD. J Calif Dent Assoc
18:53-60, 1990.

Mohl ND, Lund JP, Widmer CG, McCall WD
Devices for diagnosis and treatment of temporo-
mandibular disorder. Part 2 Electromyography,
sonography. ] Prosthet Dent 63:332-335, 1990.

36. Balkhi KM, Tallents RH, Goldin B, Catania JA :

Error analysis of a magnetic jaw tracking device.
J Cramiomandib Disord Facial Oral Pain 5:31-36,
1991.

dos Santos J Jr, Ash MM Jr, Warshawsky P :
Learning to reproduce consistent functional jaw
movement. ] Prosthet Dent 65:294-302, 1991.

. Furuya R @ A study of the mandibular movement

abnormalities on  the
] Japan

with  functional
stomatognathic  system.
18:221-244, 1975.

Naeije M, Honée LJM @ The reproducibility of
movement parameters of the empty open-close
-clench cycle in man and thelr dependency on the
frequency of movements. ] Oral Rehabil 6:405-415.
1979.

Pond LH, Barghi N, et al © Occlusion and chewing
side preference. J Prosthet Dent 55:498-500, 1986.
Wilding R], Lewin A @ A model for optimum fun-

in men
Prosthet  Soc

303



301

ctional human jaw movements based on values
associated with preferred chewing patterns. Archi-
ves of Qral Biology 36(7):519-523, 1991,

. Kumai T : Difference in chewing patterns between

involved and opposite sides in patients with
unilateral temporomandibular joint and myofascial

pain-dysfunction. Archieves of Oral Biology 38(6):
467-78, 1993,

43. Kuwahara T, Bessette RW, Maruyama ‘[ : Chew-
ing pattern analysis in TMD patients with
unilateral and bilateral Internal Derangement. ]
Craniomand Pract 167-172, 1995.



ABSTRACT

A Study of the Chewing Patterns in Patients with
Temporomandibular Disorders by Electrognathography

Moon-Gyu Kim, D.D.S., Kyung-Soo Han, D.DS., M.SD. Ph.D.

Department of Oral Diagnosis & Oral Medicine, College of Dentistry, Wonkwang University

Mandibular movement is composed of border movement and functional movement. Border movement such as
maximal mouth opening, hinge opening and lateral eccentric movement has good reproducibility, but functional
movement such as chewing, swallowing and speech has also reproducibility. Especially for chewing movement,
individual reproducibility has been confirmed by many studies. Study of chewing pattern has been undergoing steadily
with the refinement of tracking device, but diagnostic value of chewing pattern is still in controversy. In new approach
for raising the diagnostic value, numneric parameters and morphologic characteristics could be used for evaluation of
chewing pattern.

This study was performed to investigate the differences between chewing pattern in controls and in patients with
temporomandibular disorders, Sixty-three patients with temporomandibular disorders participated in this study, and
they were divided into unilaterally affected subjects or bilaterally affected subjects. Then unilaterally affected subjects
were classified into closed lock group, disk displacement with reduction group, and degenerative joint disease group.

For recording of chewing pattern, subjects were asked to chew one piece of presoftened chewing gum on both sides,
and the chewing movement was recorded with the Electrognatho- graphy(Bio-Research Associates Inc., US.A).
Tooth contact pattern for occlusal stability (Total left-right statistics) was also recorded with T-Scan(Tekscan Co.,
U.S.A)

‘The data related to chewing pattern and total left-right statistics were statistically analyzed by SAS/stat program.

The obtained results were as follows:

1. In patient group, mean value of A-P distance and the ratio of A-P distance to vertical distance were larger than
control group. but the value of lateral distance in affected side and the closing velocity in unaffected side were
smaller than that of control group, respectively.

2 In case of unilateral affected patients. chewing pattern of both side had tendency to restricted movement and slow
velocity in closed lock group or degenerative joint disease group than control group or disk displacement with
reduction group.

. In bilateral degenerative joint disease patients, contralateral side had tendency to large range of motion and slow
chewing velocity than preferred chewing side.

. The patients with restricted mouth opening below than 35mm had higher value of total left-right statistics than
patient group mouth opening above 35mm. Also closed lock group had higher total left-right statistics than disk
displacement with reduction group, degenerative joint disease group and control group.

3. There was some difference in morphologic characteristics of chewing pattern between in contro] group and in

atfected side of unilateral patient group, but no difference between control group and unaffected side of unilateral
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patient group.

6. There were positive correlations between vertical distance and A-P distance, between vertical distance and chewing
velocity, between A-P distance and chewing velocity, and between opening velocity and closing velocity in
unilateral affected patients.
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