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Table 1. Subject's information

Subject Opening Sign & Symptom MRI findings Sectographic findings
age, sex deviation
M no slight erosive change erosive change.
maouth opening on articular reduced joint space/
limitation surface/Lt. Lt
24M Bmm/Ht no internal posterior
derangement/ displacement of
Lt condyle/Lt.
M no na internal posterior
derangement/ displacement of
Lt. & R condvle/Lt. & Ru
35M 9mm/RL. no internal superior displacement
derangement/ of condyle/Lt. & Rt
Lt. & Rt
M nao no DULF, of D.LF. of
condyle/Lt. condyle/Lt.
M no no D.LF. of DLF. of
condyle/Rt. condyle/Rt.
AM na o D.LE. of D.IF. of
condyle/Rt. condyle/Rt.
34M no no W.NL W.NLL.
Z8M no no WNL. WN.L.
24M ne na WML WN.L
20M no ] WNL. W.NL.
28M no no W.N.L. W.N.L.
30M no no W.NL W.NL,
20M no no WHNL W.N.L
24M no no WN.L. W.NL
no nonspecific W.N.L. © within normal limit D.LF. © deviation in form
Lt. * left Re. : right M male

Table 2. MRI protocols of cadaver TMJ

Table 3. Mri protocols of vital TMJ

FOV 200mm TR 500msec FOV 200mm TR 500msec
TE 25msec Thickness 3.0mm TE 38msec Thickness 5.0mm
Interval 3.0mm Multislice 12 Interval 5.0mm Multislice 6
Echo 1 Average 12 Echo 1 Average 4
Matrix 256X 256 Matrix 256X 256
FOV : field of view TR : repetition time FOV : field of view TR : repetition time
TE 5 echo time TE : echo time



72 Ao A AR R EA g b, A
(GC Exaflex, putty & light dody, GC Dental
Industrial Corp., Japan)2 TA59] o7t 7|28
A5sto], o] 5 HIA MFHAE LFEYOE A
skoicHFig. 1.

Fig. 1 Interincisal positioning during jaw opening.
The interocclusal silicone rubber bite blocks were
registered on the posterior teeth.
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ol whg} Denar Quint Sectograph image
systeme ©]-8ato] - 15051219]9] AT WARA
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Fig. 2 Denar Quint Sectograph image system and
subject' s position

THAE HHESS A8t 20mm 7HE9loll A FE
X510, 15m, 10m, 5mm, D TELNS 44
o2 A,

T3 ZF g d A Lee® 9] Wiiof utel MRP-
20EX MR image system(0.2T, Permanent
magnet type, Hitachi Medical Corp., Japan) ¥
100mm 279 EHIZY(Bilateral type, Hitachi
Medical Corp., Japan)e ©]&ste] efd-S 42t
atlthFig. 3-a, b) ZF AR 2 95 AEL 5
7] Agstelglol A A4 H o= TI-Weighted
5.0mn—thick contiguous interleaved partial
saturation images24 FAAZ A=, 1w
272 repetition time(TR) 500msec, echo
time(TE) 38msec, 6-signal acquisition®] 256X
256matrix® A= It Table 3)(Fig. 4). &

Fig. 3—-a MRP-20EX MR image system(0.2T,
permanent magnet type)and subject’ s position




30 MULTISLAD ACOUISITION METIOD

Fig. 4 MR scanning technique ; 3D-multislabaquisition
method without gap
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Fig. 6 Standardization of MR imaging

SRR gL A= 1068
ne9go] g1, ofu]A) FolAl A At

W 7]

=2 ﬁ?ﬂ SHlL, 1}7]*“1 1509 °1| EHOHHL /\] ot
A A BARE %’S/\Vﬂl ARRIRISHE- =
ti7](LPLCB700L,LPL Co., Japan)ollA §dgk uj

&= gjelaleial o, ﬂﬂ A7 FH RS dA
YT Yo w7 BAsRlt

OMA|HO| E AR 4] 7 ASHS A8
of WA, wEAglelA w719 B3 EQF S
AokE7] PE dESIXFO R 519l L, st} 3F9]
B TolA XFo el $£4F YHoE Ao
(Fig. T-a, b), AZHLZA 27| 5H G ol £E
w= AT SHEEARAS M, 29 t-86h=
IOl Ao THFRAI S m, LEjal APSTSHARA
oMY Hag=AAHE SE FASIGI ®
gt Y& J&@%—%’% TLE SHaL, o] AE A
OF MW 45 F(AL)I} 34 45° :rL‘ﬁ(PL)—% A48
of HEITFS 7413’5}1‘ 7|0 Biqith BE A
ZolAe LFAERINA Y FAR] O HARE st
Foll Z7E91e] FARR o] HAME sletatRE FHA
A YT Al BT |EdES FAISHL, 3ol
WSl O FARR o] FAIE A EQF A Poll ZF
ASlelx e A ELF A PE SHAA ottt + 2
AR 54 HIFE AT o= A S5,

S A A58 Gl vt Y
Zo] Hudi(Anterior band)e} 3o (Posterior
band)2] WA 2218 0,028%2] Omnimet Image
Analyzer(Buehler LTD., USA)E AHg-sto] Z 7+
Lol A AZskoict,

o

do
of
2




S t;ji"f;- % ﬂ
)
AN

Fig. 7-a Reference lines and points for analysis.
X-axis ; the connected line of apex of
articular eminence(E) & postglenoid
process(P)
Y-axix ; the vertical line from top(T) of
condyle head to X—-axis
M ; the midpoint of intermediate zone of disc
in MRI
m ; the intial condylar meeting point with the
point(M) at ICP in MRI
S ; the condylar meeting point on the closest
joint space at ICP in Sectograph

L

Fig. 7-b Reference lines for joint space analysis
T ; the point of top of condyle heat
TL ; the line of joint space on the point(T)
AL ; the line of joint space on anterior 45 to
Y-axis
PL ; the line of joint space on posterior 45 to
Y-axis

o] Z4(Fig. 7-b)
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Fig. 8-a Reference lines and points for analysis
M ; the midpoint of intermediate zone of disc
in MRI
s ; the condylar meeting point on the closest
joint space at ICP in Sectograph
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Fig. 8-b Dynamic trace of condyle and disc movement
during jaw opening in MRI

m ; the initial condylar meeting point with the
point(M) at ICP in MRI
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Fig. 9. MR image and histologic section of normal
TMJ.
A ; Image of TMJ in the sagittal plane through
the middle 1/3 of the condyle in a joint with
normal disc position and the condyle seated in
the fossa, B : Histologic section (Hematoxylin—
eosin stain) in the same plane. Note normally
positioned disc. a ; articular eminence, cC ;
condyle, e ; external auditory meatus, Ip ;
lateral pterygoid muscle, and arrow(d) ; disc

Fig. 10 MR image and histologic section of abnormal
T™MJ.
A ; Image of TMJ in the sagittal plane through
the middle 1/3 of the condyle in an abnormal
joint. Note disc displaced anteriorly and
inferiorly to condyle head. B ; Histologic
section(Hematoxylin—eosin stain) in the same
plane. Note anteriorly displaced and folded
disc, and thickened fascialarrow head) within
lateral pterygoid muscle, a ; articular
eminence, ¢ ; condyle, e ; external auditory
meatus, Ip ; lateral pterygoid muscle, and
arrow(d) ; disc



Table 4. Measurement of joint space at the CIP

Jaint No. . . MEI . —— _ Sectograph B
ani 45 tap post 45 ant 45 Lo :'ns.[ 45
1 24 22 20 60 15 an
2 40 L7 1.4 45 17 14
3 26 20 A0 9 4.1 Aa
4 19 4.0 Z5 az 42 Zh
5 18 20 1.0 34 a3 25
] 20 1E 21 20 A4 27
7 1B 22 15 27 22 27
8 an 20 Ll 5 28 1.8
] ¥ ] 1.1 2 a3 K11 16
10 15 1.2 1.7 4.0 20 2.0
11 08 18 0 0 7 a0
1% 14 20 1.7 ] 15 2.0
13 18 32 1.8 13 35 A8
14 20 a0 18 30 48 32
15 25 20 12 28 15 an
16 13 5 15 L5 25 2.5
17 15 14 10 26 27 2.8
18 26 17 1.7 2B 24 19
19 a0 Al 12 35 40 28
20 1 30 20 30 48 a7
a1 28 50 34 25 38 4.3
Z2 210 50 22 r ] 18 2.2
=3 24 14 20 0 Lo a7
M 1.8 34 25 i8 42 30
5 0s 25 13 1.7 20 2.2
5 1.2 35 1.1 18 1.5 1.9
Iy 5 a8 an 2B G ] a6
E 1.0 40 41 EN ] A5
| 28 4.0 23 45 4.8 28
30 29 25 27 48 M 5
AVG 2. 1000 2660 15957 2880 J0ED 2677
£TD 0.755 LiM5 iLea7 0.562 1264 688
AN ¢ average {unit 3 enam)

STD : standard devitaton
ICP  intercuspal positicn,
student 1-test

3 SBY TR0 A7 IBBJEE] ATEME  epon) 7 790l A AlF3 student t-test
(m)o| oSt AT SURBAMME o4 9932 BPTHP=0.005), E3F HLLEA &

OIS Hlat. 5 2ol sm A=) 37e) o] 27
ATLEA A7 3Gl FEEAGm 0o dojg, T o RelE B 29I sH Ao

0| WELH FHRIAHMY ol FFEL A 2 UebgthTable 6, 7).
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Table 5. Positional difference between midpoint of the
intermediate zone of disc(M) and the closest joint
space point of condyle(s) in ICP

o MRI Sectograph
Joint No. angle®(M) angleo(S)

: 0

" 0

3 50 15

p 45

5 40 45

" 55 45

. 76 45

8 60 20

g 45
0 10
1 60 37
12 45 20
13 60 2l
14 66 g
- 50 50
i 48 30
17 50 55
19 60 55
20 74 81
5 61 82
22 64 i
23 65 -
24 30 H
25 48 &
26 % P
27 61 =2
28 4l ¢
29 68 =
30 82 Ll

AVG 57.240 43.900
STD 12.008 23019

AVG | average

STD : standard deviation
ICP : intercuspal position
** § internal derangement
student t-test, p=0.008

JOIMT BPACE

Fig. 11 Joint space at the intercuspal position in MRI
and Sectograph
TL : joint space onthe condylar top
AL : joint space onanterior 45 to TL
PL : joint space onposterior 45° to TL

i

[ [e . TE - T
S (L AR |
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R (O e

—— B

Fig. 12 Area analysis of anterior band and posterior
band of disc in MRI during jaw opening
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Table 6. Linear change of midpoint(M) of intermediate zone of disc and its initial condylar meeting point(m) at each
4—Jaw opening position from ICP in MRI

4-Jaw -l.'rpemnu position from 1CF

Joane [CP=5mm 1CP~ 10mm ICP~15enm 1CP—~20mm
Mo {m} - (M) {m) - (M) {m) - (M) {m) = (M)
| a5 1B Th 40 a7 o 145 a5
2 10 15 27 20 55 4.0 LA a5
3 23 — L2 A 15 6.5 15 105 45
4 06 00 21 08 is 05 50 15
5 27 L5 38 20 45 20 40 RO
6 35 15 67 14 BE 30 68 I0
7 iz L5 4.5 20 .0 18 a1 L
B LU 15 12 25 a0 5 a7 1.0
] 12 -2 18 L 95 is 137 T
1w 0.5 10 15 i &0 40 00 50
11 40 20 a2 a0 75 a2 110 &5
12 10 05 00 15 00 25 10
13 28 03 55 15 B3 40 120 70
14 15 10 a0 12 BT 40 78 RO
15 45 20 LA an T 4.0 95 &0
s 05 02 25 ] X6 bd 1 52 32
17 15 05 20 05 15 a5 Ly
18 4.5 15 73 4.5 (1] 40 685 40
14 a8 LLE kL] 12 4.0 05 70 4.0
20 12 00 20 05 40 10 0 20
4| 1 o2 725 18 50 32 ED RO
o 15 25 27 75 65 a0 70
= 40 20 70 30 700 30 125 7.0
4 i8 10 0z 0.2 0 10 g 21
25 2.3 1.5 &7 &2 75 55 B L]
AVG 2212 0872 ar 18 S0 294 82% 49287
STD 13273 0.9689 21005 12548 2:T 1918 34287 2363 .
R {unit = mm}

This data excloded the jant of internal derangement.
ICP 5 inercuspal posation, AVG : average, STD : sandard deviation, student ¢ test, p=0.05

Yzelo] H3lon, ofzfet EEokE AN ARl W o 2 A o WA AAblA ZGE o
oJsf vz AHeketal A@4o] e e Al Hed =58+ U =Holnh Addd duvks 9=
k. 549 Lateral viewe 24| FHU XASE 3 GASH A e e sk B

25t0] Y| W7t FHA S BYSH= Al AHMBGUS 19824 Rosenberg®} Silha 2 19864
Viitel ol vl bl W 2 3 Rosenborg®h Gracaykel o1 4711 gk=el, °l
Fo) Aol XS YAATIE HAL Wolsh] 2 el SR PABINE TR 22 AN

I

a =2
ol 57090 theb AT S 0L S S 9 o % ek QLN 8] €A Sl 2t A %
e -9, B 4 Rl T of 71 MY ol @R
G 9o Yol 7hett BeAMIEdde ARA, TR B, 1), oot o, Av)
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Table 7. Linear change of midpoint(M) of intermediate zone of disc and its initial condylar meeting point(m)
accompanied with 4-successive jaw opening movement from ICP in MRI

d-successive jaw opeming from [CP

Jaint 1CP~Smm 5~ bimm 10~ 15mm 15~ Himm
M {md - (M) {m) = (M) (m) : (M} {m) = (M)
1 35 18 35 22 17 30 58 25
2 10 15 i) 0.5 28 20 25 25
3 i 1.2 >3 2T 15 o 40 k{1
£ (L] ] 15 &b 14 0S5 1.5 1
5 TN 11 a5 ar 0o 95 60
& 15 15 32 1.9 ol — 04 LT 0o
ki 32 15 1.3 05 4.5 L8 01 L7
- 05 15 07 10 08 -0 17 15
9 1.2 =02 26 1.2 587 28 42 32
10 05 -0 10 10 65 40 20 10
1 4.0 210 ke 4 1.0 13 1.2 15 23
12 10 0% -10 -0 15 00 10 10
13 4 =03 27 1A 28 235 7 20
14 15 1 5 0.2 27 28 1.1 40
15 85 20 13 1D 20 L0 17 20
16 05 02 20 18 1 0o 15 12
17 15 05 05 (il 1.0 L0 05 02
18 5 15 28 A0 —05 —05 -03 00
19 38 03 08 09 10 -07 0 35
0 1.2 T} [1F.] 5 20 0.5 111} 1.0
21 10 02 15 143 25 17 0 28
22 15 25 1.5 02 L iR 15 05
23 w20 30 10 a0 00 55 40
i 18 Lo — L& 12 08 1.2 ZB 18
25 23 15 TH Y a8 a3 13 o0
AVG 2212 0872 15080 05280 20680 11400 24480 15880
STD 13273 09689 1286 0965 1758 LG8 2200 14w

This data excluded the joint of internal derangement,
ICI 5 ivercuspal posation, AVG @ average, STD - slandard dewiation, student §=teat, p= (0S5

g TSR R Tea7Y A4dS, 28l EESE ol2H 19524 = ET oMde ]
o] Aol wh S 2efohs T4 2 WA A = 3F9rt 197390l Lauterbur’t 24 Y-S A
Bi7E e o) f-Eote, 2GAS] oAk A As &ote] Al BAHgradient)E FoiskATH. A
Jom ol BYE AlEske o 2deEA W 713 9 Aol JolA= Robertss?,
AR Y= B o QUrpes H-an 515, Katzbergs®’, 18]l Harmsso] Q17ke] A4

A7 S YEMRDS ofn] L F8 FEjebd WA e A7 /sl didt AvE 21
s & LA Sl HA7ISTEINMR)S 2] ghut Qlek, o5 At ollA 275 /el WA &
37125 w09, H2) A8 =S T AeA Joll 2t FAA A YT A4 25 Yehde

[e)
ol AL Pyrcell®x} Bloch!@o]] 2J3) 1946W0] A glof BrEeh S-S AU, YT et ¥

— 259 —



Table 8. Area change of anterior band & posterior band of disc at 5—jaw position in MRI

“Fia- Hand ICP 5 . . 10 15 S
Pdas
1 Ant. 731733 THE 33 190,003 120,667 'ﬁ_
Past. 0467 27067 95713 J085 a0
4 Al 181,933 167367 181.433 188,133 HS
Ffost. 7.0 T4EHT i) 188,167 180,933
3 Ant. 163267 160467 130,333 151.633 97733
Pt 112667 1662 163367 245 816
4 And. 118333 L | #5.5 i) 6.9
Fost, 55 367 1492567 1361 1745 253
5 Ant. aL6 1145 BH.TE 109367 B6.G01T
Frosa. 434 120.R67 143,967 157.0 156,213
& Ant, 74,033 32533 M3 152353 285
Fost, J2.657 116533 148,067 130967 156.733
T Ane. 1026 106.8 104 867 B9.T33 53431
Post. 50357 54033 - | HIALE 59267
i Ane. 8731 B2 BAT B2 B&T TEALR 233
Post. Q8 RAT S35 1237 170033 1750
L Ant. 40,6 5651 el 4T3 562313 BA.TEY
Poat. 0 FA.267 53333 1359033 1569
10 AnL 1.2 1250 B7.313 113.533 T8
PostL. 45,213 127.733 105533 94,433 122933
11 AnL 106,133 TSO967 384 46467 25153
Pastr FLAGT 16143 31367 549,767 1031
12 Ant. 450667 119 75933 193 kT k!
Past. TLT6T 1304 1468 162633 841
13 A 191,567 pa 41 1555 104,267 G567
Fost. 113967 1111 SH.E3 292,533 171567
14 At 198, 967 167443 106.2 £d. 153 754
Post. 45533 74943 131067 103667 165,467
15 Ant B5.56T 965 41,533 T2613 157433
[foea, BT 949 159003 2OEAGT 142633
16 Ant, 1831 1088 122567 ROOET T343%
Pt 117.367 91567 1647 2047 251,433
17 Ant. 441 488 414 TR 31333
Post. 171.567 153833 196,357 1043 151.4
14 Ant. LA 13087 53 122 467 T
Post. G333 145 155 467 G2 E6T 2132
14 Ant. SH 6T a7.267 465 3667 43933
Paost, E& AN 1138 TLG 149467 143567
Hl Ant. &y BT 1062 R AGT 97,766 1163
Post. B90ET 91867 119,733 375 123667
21 Ant. 165 833 1684 1414 131.767 o4 167
PaosL 1065 1653 26T M5 HILTET
s Ant 575 41667 G467 41.367 635
Paost. J1.833 65,133 131267 128,633 124.4
Ant 1194 7667 35367 45,567 Jo.967
ot 44.167 65533 101,367 130,333 FBA33
4 AnlL 456 TES 625 62,7 684
Post. 26.1 31133 57.833 TAE3Z3 120.6
= Ant. G547 T5E 360 57767 55,267
st 477 1111 45,067 11549 150,767
AVG Ant. 110,529 a9.541 BA.5A 81.853 T1.657
e Frat, .15 100,295 121927 155244 168,576
STLy Ant, 5518 52641 47067 42286 41.25
Paost. 701 4405 52 208 15351 76217
(it > mm')

This data excluded the joint of internal derangement.
ICP ¢ intercuspal position, AV © average, STD © standard deviation
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Fig. 13 Sagittal serial images of a normal TMJ, obtained from a bilateral study with dual surface coils. From the ICP
to mouth—opened position, the disc appears ‘Bow-tie' shape
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Fig. 15 Bony abnormalities in T1 weighted MR images.
A ; concave bony deformity(small arrow)
B ; osteophyte(arrow head)
br. ; brain, a ; articular eminence, ¢ ; condyle,
Ip ; lateral pterygoid muscle
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=Abstract=

A COMPARATIVE STUDY ONMAGNETIC RESONANCE IMAGE AND
SECTOGRAPH OF HUMAN TNJ

Sung-Bok L ee, Dae-Gyun Choi, Boo-Byung Choi

Department of Prosthodontics, College of Dentistry, Kyung Hee University

For understanding of anatomy, physiology, and diseases of human TMJ, it is required to
evduate quantitatively the movement of the disc and condyle head of mandible. The histologic
section of cadaver TMJ were examined, and the magnification of the MR image and its details of
anatomy were evaluated. And then a quantitative analytic method, by comparing the Sectograph
and the MR image of vital human TMJ, was proposed.

For this study, 15 subjects(Male, 24~35years) were selected from a prosthodontic examination
randomly, and each subject’ s five interocclusal rubber registration records were made on the ICR,
and 5, 10, 15, and 20mmjaw opening positions. All subjects were radiographed with a Denar Quint
Sectograph Image System(Denar Corp., USA), and imaged with a MRP-20EX MR Image
System(0.2T, Permanent Magnet Type, Hitachi Medica Corp., Japan) using an 100mm diameter
bilatera type surface coil. These images were traced on the acetate tracing paper, and anayzed

In this study, the findings led to the following conclusions.

1

In comparison of the histologic section of autopsy specimen with the MR image at the same
section, the size(dimension) of MR image was 70% of the real one. It was possible to
recognize the shape of articular disc, anterior and posterior attachments, and adjacent soft
tissues, because of the excellent reproducibility of anatomical structure.

When we compared the amount of joint space on MR image with that of joint space on
sectograph, the amount of joint space on sectograph was significantly greater than that of
joint space on MR image, except at the top of condylar head.

The position of minimum joint space on sectograph at intercuspal position didn t coincide
with the middle position of articular disc on MR image, and was approximately in the
anterior third of posterior band of articular disc.

The amount of condylar movement on MR image a opening movement was greater than
that of articular disc movement. From Intercuspa position to 5mm jaw-opening movement,
the condylar movement showed hinge one, and over the range 5mm jaw-opening it suggested
hinge & trandatory one.

In terms of area variation of articular disc measured on MR image in sagittal plane, the area
of posterior band increased with increasing the amount of Jaw opening, but the area of
anterior band decreased conversely.
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