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ofell M= Al FshA dTEzZ e
A7 3w ode Agel el A
£-5,69.10,1419.20,34) o) 53] DN ]S yl Al

(Pulse sequence) #}+= tH& GRASS (Gradi-
ent Recalled Acquisition in the Steady
State), MPGR (Multi-Planar Gradient
Recalled) % CSMEMP (Contiguous Slice
Multiple Echo, Multi-Planar) %48 o] &3}

i, GAL A Abxle (Parasagittal Plane) %
JAA (Paracoronal Plane) 2 dol Alg}
Y 15 Ha ks gA o A ela
Ak e 2A7E AT olol His}
© wlolrt,
II. dA3xz o o

AT oHAH e Audt FAdelvt
AZ7L gl 59 dAE ez sigan,

It <

274 (26-2841) G et

AHgd FAAAE 1.5 Teslad A&
Zt+= GE A9} Signa System A&F& AH8-3F
o} (Fig.1).

a2tz Az #ALw(S/N ratio)d &R
HAsked 3914 F 2L (Surface coil) &
dtdem (Fig. 2), Idade x5 ofoby
2 HolEd F3d g sxe
(Frame) ol 9z A7 & 3xlo &HFF ¥4
of =zt Az},

A scout viewE 7] 9oy N A

o
—n
i

(Nasion) & 7122 39} 42 5mm, A 40mm

Fig. 1. The Signa® system of the MRI with 1.5 T
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o] WFoA FA4HoR Smm FAFAZ A%
o g FEAsle] 12719 ZAbw FabA(Axial
scan image) & HTAZFE o], o Fl4
7 AAG shie] AS Addle] scount
view® Agkct(Fig. 3).
AFA s, AT AHE 25m2 FAT &
4~ 2 Bite block& wHgo] F7W &
271 & FAE
G vZkA o nFal Ba wpbE w4
b A A A-g o) &3te] Ho) bt
AW A wb e matrixe 256%256,2 NEX
(Number of Excitement), A#o] FA& 3
mm, FOV (Field of View)+ 16em, 23zl =
A H]—i H]—/ﬂ% Spin Echo, ‘ﬂ'“d*o]’% ;}_‘f_g]
A&oll 42 (46.57) ] =HEE (Fig.4) 444
o] &3sted A HFA

r_>.:

IR

=] (Parasagittal Plane) <
o] Ag At

olwl sbA  AAZ "R 2] 7} (Repetition

Fig. 2. The receiving surface coil for TMJ area

Fig. 3. The axial scout view



Fig. 4. The axial view with graphically prescrib-
ing clusters for MRI of parasagittal plane

time, TR)# ol ZA]2}(Echo time, TE)<+ <
7] $ted, wrE-A]7HE 300, 400, 500, 600
msecS HL3T o FTAZL 10, 15 20, 25

ulel & matrixv 256 X256, 4
NEX, ##9 F7+ 3mm, FOVE 20em, Flip
7+ 15, nF9 H& 9bE 92 GRASS,
i A2 3]"7"-‘4 Ao P (37.5)0°] HEE
(Fig.5) TAAIHE o] &3t 7 A4 4
<+ °é i“% ]“H A= 4] 7ha A qpEA|
Zbeh o A7 od7] s, b

30, 40, 50 msecs A L3I o

12, 14, 16 msece HE&3ste 32709 d4&
g F b AHAG 4 A

S aetet Fabstedn,

A

[‘:L
o
p

Fig 5. The axial view with graphically prescrib-

ing clusters for MRI of paracoronal plane

Al A g o] &3le] A o
. ool x 4] b A=A & S AT
FAZRE A7) $fsted, =REA]7E2 500, 600,
700, 800 msecs HE&I: oAZA7ER 20,
25, 30, 35 msecd #H-&3to] 32709 WAE
ge = 7}21. A3 x]7}--9- A ste] 7+ o F

et 89

| 7K MEE SHEAIZTR) % OlZAIZH
(TE) 2%

Spin Echo ®tAlel 4 & A o] ubE|7k3 o
500 msec, 20 msec olloem,
MPGR =#Alo A& 400 msec, 18 msec ©|%}
T, GRASS w4ellA+ 40 msec, 12 msec,

F A 7L

Wlela s, matrixe®  256%192, 2 a2lw CSMEMP #4lefl 41+ 700 msec, 30

NEX, Zé ‘T‘L-g] —CT_”* - 3mm, FOV+ 16cm, 22 msec 0] 93\
Z3} fa E WAL CSMEMP, we4e
5ol Aol 42 (46.5°) 0] == (Fig.4)

Table 1. The optimal TR and TE

F Spin — Echo MPGR GRASS CSMEMP
TR 500 msec 400 msec 40 msec 700 msec
TE 20 msec 18 msec 12 msec 30 msec
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2. DRI W2 ¢S wAof mE Fame  §71% Fedn JE AU AA e
& o}

Ao MSZT

et Ao FAEHQl sHEe AA e
7}. Spin Echo pluse sequence g, BA §r)e FAEq AuEe A
AAAl ofadd e AAYHL oA AZ o2 vt zgz, Y& JEZTL Ao
= WA Zsted A Jelgtn, BAY 32 2 23
AL 2 FEY ovA AZE ol 5%
Vel aelzE fdds Saloel B 2. CSMEMP pulse sequence
o Fz2A | AAE s FEE 4+ YA otk do] gloj4] CEMEMP u}Ale- Spin
. Echo ®tAl3t &3t ovize] Alg A=f B
& JERe ZET o oix] A5 AED glov}, CSMEMP siAlel o3 olojal Ao
Hol 3lMleoz vepgn, 9% JF FAue Spin Echo Aol o8] <deizl Atxch ¥4
A dgke] Ao Aubfol A 2 Ax9 o Aol Azt "o,
Uzl AlSE o] 3hA byt
shebel, et 2% aElw AR $)1E = Iv. &% 4 19t
M Qe AWEFL oA AZE WA Z
skl AA debtz, st #Feof BE g1 A7 Woll o Axjdho] x| sl EWg
TA 9 dHEE =& A5 ovx Al AEE 7k nFgle] o8] AFo] =Hojxw
3E ol spofAl el AR E FFsldchrl aFatE 2] F4
P AU E g Fel 2 YA == o]
}. MPGR pulse sequence g dAto] A& Fu @Aaolnt
AALIAE AD AEE =] £k AA 194611 Fuboll Bloch?2} Purcell®®o] =}7]3
yvebyts, ket #F, Fete}, zEjm AA § FH ko] EAcke e FEld, kA A
715 Eed e ALEE 94 AA e < H7eled i ERAql wyeleta o
whet. B sted 1952 W £ shAbg whoke),
st} T FalH el slWTe A 19731 Paul Lauterbur?®7} Wy z7|&
o EFAE 2709 Bo] A5 A of
o=

= dAed o]Ziel

aL

5] hl
T Wel Bele AZlW 3 dae 2

229 A7)a Fo gabelt.

[+]
2R 95 JEFL FeEY AL AEE 2w &3 19759 MFo R FEE o]&d
el 39l (white to gray) 22 ebyte, 2718 gw dag Ao, 1978+ =]
AL Auidiql & o ET AHuwWFE 3 dAE o] &Fte] H2E Ao T4
AT =5 WA Ested A Jelyteon, 33 o 4] dAE d=d AEZYc)
At FxAL FEEY A AEE o a2 F, A7) g g4k siaye] AHAdl
Ao g vebytet, A4 Wi, 2 ARy AHE ol 1
9| & o] &2 A (superior belly) s st Aol ALE, Al Agele] A, ARH
(inferior belly) #e] Alo]l= & HAAH k= ZAZE] Zz oo sMutE oz 9lste] ALA
AL Hdeoz eyt 22 AR o] ghepso,
1940 e Zdbe] A7) 3= A (Mag-
r}. GRASS pulse sequence netic resonance spectroscopy)”b slge] =
AAARL F52 AE Z=E ol 34 o], 1973" Moon 2% <l -31(*'P) =7 ¥
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W w3 o]&sle AEd A (PH)E A4 ol "oixlz TAYIY AWEFL 94 T1
ato] Bmslelm, =§ 1974 Hoult 592 - Az dAelA et el oyA AlZE WA
AAH Fo T B2 MAEE Ze= A Eolgctn Badted, & i FHA nF
-31(®P) A7l ¥ RFE ol &3t okt 3 "HA wkE 349l MPGR ®4 (TR 400
ol& HaAste] wmslch. ol THAE msec, TE:18 msec) 3 »¥]mA] FALU3ts
Aol e 229 sy B4 AT 4 AW A% FEE WA F3hed A el
AdA st Brhdel Ak ARE AT F9 v A gE Edo aeln pAds Fx3
o} B 9E dELY FRAREE T1 - 232 dA4d
=4 1980\t Fubell B 2 lo] m9)5 o] o} otk U RY AE FAErt "ejAra @
Frdol ZhE zA Y A4S ol F AW Hovt AAY F2AL 74 ollviz] AEFE
A& 4 Al Eof ofbd Foe] Fuwkgh AT Bof dlofA Bylow pALdte] Axtol 4
7} o] Fol R 7] A A efessnI, g & JEZY FAFE ovzre As
1985 David 592 1.5 Tesla®] =}todz} 7425 WA xste] A ebsteh, met 34
6.5cme] %W AL ALsln FEES, wh A AES 94] oA AeE A E
23 o2 -¥ (single spin ehco -warp) &-& stod AA velyta skt T sl EL of
o2k FEle] W3 Z|@(two dimensional = A oYY AE FEE do] Asl4e
fourier transform technique)$| s} HA 2 d9on #AAFIE A3 ovx AAzE
qEH- gk AlE o] F-3be] ubE-4]7E 400 msec, o ol shekAl el ool zbe]ld Holow,
FZAZE 18 mseco B FAbdhe] oA F-9]9 o e A 7bel] T2 - Az d4E dE £
s atd ALS Habslel Wu Sttt A, zng offdE FAA, 56 AT
198511 Harms &°9-& 1.5 Tesla®] =3 Al FAbE Stste] AAIE St &R ATE
7} 59l% ¥l ZYE AR A3 oE 1 ste B HE 43 doe FAHA
F3b A apE AAE o] fete], T1-7& MPGR #Al-& o} f&3tejel Ats ),
Aol A{d= HEEA)7E 500 msec, ol ZAIZE 30 2z B AT A nFEsh g oubi
msec® H&ai, T2- 7H& d4elAE 2000 w4lel GRASS (TR:40 msec, TE: 12
msec, 120 msece2 FAbstod A<l ot msec) ol 4, AL FHE oz A5
Ao} T1 -7z G4 T2 - 2z 44& o E o] giAleog Bol AeER cha Ao
Aot 7b e slel ret AAE71E A 9l
Tl - 7z dA4dod+e, ez 52 2= = AUEL oA AZE WA Zste] AHA
of oz}l AZE o] dhgA 2Adi AHY vielgtond dlob Ao slyEFe HsMoem
F FxA} dF oET FAYY dxH2 dolom HAEY HEe sldog vy
TRz Az HeE ¥ Ao vjeliit o},
3o H Rl aejy #AYI AHER 198541 Katzberg 592 1.5 Tesla® =3
vzl Al WA Fahed HA vebdeta A3 6.5me] Tl YL Algsle] HAHq]
Bargked £ ol Spin Echo #4l (TR: oA o) AAUIE Hrted =, AR AF
500 msec, TE:20 msec) CSMEMP =}4] Aol WAL FAE A, Tudie} o2 F
(TR : 700 msec, TE : 30 msec) ¥ F43 ol AR e e okgaiz e (O)EA oYX
wae Als ZAEd ®odct Az E HAZste] ZAA Jelvz, y4doz
T2 - 7z Gaelds, HEda Fx23 ALl Fubdie] A= FA w9 Aol
9] F o F Fahte] dzAe T1 - 2=z o A slel 3ol cHel]l ek 124] ubdkol] A3
Aol A iz v Aa ZErRrel ohs "ol o Badglict zela PAYI FzAe
vl Fa AE Tl - 42 g4no 4 Ta2h zjuke] ko]l Folr] E2 7x 9l o
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st s estele} Ao

V. & =

AAe Al @isA dTEHL U 2
4 A4E ded, s nFEsp A i
2 whAlaE o & MPGR(Multi-Planar
Gradient Recalled), GRASS(Gradient
Recalled Acquisition in the steady State) %
CSMEMP (Contiguous Slice Multiple Echo,

Multi-Planar) % o]&3lo], obtA o] oish of 3.

Wa Fabeld AE gk 5¥ dAE 4
o7 A] /g-/k}n ] 3 AL/\].ui o ALY o o{ 3

P = =3
S 275} s 4% A Y st vn

1. o=
3|

7}. Spin Echo #Alell = ubE-4]7}F 500 5
msec, ol 3LA17F 20mseco) ol ch.
. MPGR #H4lofl A= ubE47E 400
msec, ol ZA4}7F 18msece] S
tt. GRASS wWalel«es wb5A17E 40
msec, o347} 12mseco] 94 ct.
k. CSMEMP wAlell 4= H5FE-A]17F 700
msec, ol 74| 7 30msece] A th.
2. MPGR %4-& AH8-4] o}F g2 A7
A

4. Spin Echo w2l 5b CSMEMP 44 & 5
Adgk elyx AE FEg B

CSMEMP #H4] o]-&3 42 Spin 9.

Echo uh4AlMdc} ci4 sfAabeio] z3hz 9l
o}

10.
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— ABSTRACT —

A STUDY ON MAGNETIC RESONANCE IMAGING OF THE
TEMPOROMANDIBULAR JOINT

Kim Hyung Sik, D.D.S., M.S.D., Kim Jae Duk, D.D.S.,MS.D,, Ph. D.

Department of Dental Radiology, College of Dentistry, Chosun University

Examinations of the temporomandibular joints were performed on a 1.5 Tesla magnetic
resonance (MR) system. An MR surface receiver coil 3 inch in diameter was placed on plastic
frame, the patient’s head being placed in the frame so that the coil was pressed against the tem-
poral region.

In taking advantage of the magnetic resonance imaging that has been studied briskly till
now, author obtained the images of parasagittal and paracoronal planes about the temporomandi-
bular joint by using MPGR (Multi — Planar Gradient Recalled), GRASS (Gradient Recalled Acqui-
sition in the Steady State), and CSMEMP (Contiguous Slice Multiple Echo, Multi — Planar), that
differ from the Spin Echo pulse sequence which the previous authors used.

Five subjects with no symptoms of temporomandibular joint pain and dysfunction were
studied. The plane images obtained by these methods were compared with those by Spin Echo
pulse sequence.

The resuits were as follows:

1. The optimal repetition times (TR) and echo times (TE) for T.M.J. image were;

a. 400 msec and 18 msec in PMGR pulse sequence.

b. 40 msec and 12 msec in GRASS pulse sequence.

¢. 700 msec and 30 msec in CSMEMP pulse sequence.

d. 500 msec and 20 msec in Spin Echo pulse sequence.

2. When the MPGR pulse sequence was using, T2 — weighted image was obtained in very short
time.

3. On the image of the paracoronal plane by GRASS pulse sequence, meniscus showed the
moderate signal intensity, and the meniscus and its anteromedial, posterolateral attachments
were observed definitely with gray color.

4. The signal intensity of Spin Echo pulse sequence was equal to that of CSMEMP pulse sequ-

ence, but the image by CSMEMP pulse sequence showed relatively lower level in its resolution.
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Fig. 6.

Fig. 8.
Fig. 8.

Fig. 9.
Fig. 10.
Fig. 11.

EXPLANATION OF FIGURES

The MR imaging of parasagittal plane with C.0O usings MPGR pulse sequence.

The normal meniscus had a relatively low signal intensity (black), and mandibular con-
dyle, mandibular fossa, and articular eminence had no signal intensity (black).

The cancellous bone of mandibular condyle had a relatively low signal intensity (gray
to dark), but the cancellous bone of articular eminence had a high signal intensity (white)
The posterior attachment had a high signal intensity (white).

The lateral pterygoid muscle had a moderately high signal intensity (white to gray), but
the anterior portion of lateral pterygoid muscle (anterior band of the meniscus) had a
low signal intensity (black).

C: Mandibular condyle

Arrow head: Cancellous bone of the articular eminence

Crossed arrow: Superior belly of the lateral pterygoid muscle

I: Inferior belly of the lateral pterygoid muscle

Arrow: Anterior portion of superior belly of the lateral pterygoid muscle

P: Posterior attachment R

The MR imaging of parasagittal plane with mouth opened using MPGR pulse sequence.
The MR imaging of paracoronal plane with C.0O using GRASS pulse sequence.

The normal meniscus had a moderately high signal intensity (gray to white), and the
cancellous bone of the mandibular condyle had a low signal intensity (gray to black).
But, the cancellous bone of the articular eminence had a moderately high signal intensity
(gray to white).

The anteromedial (crossed arrows) and the posterolateral (arrows) attachments of the
disc to the condyle are evident.

m: Meniscus,

¢ Mandibular condyle.

The MR imaging of paracoronal plane with mouth opened using GRASS pulse sequence.
The MR imaging of parasagittal plane with C.O using CSMEMP pulse sequence.

The MR imaging of parasagittal plane with C.O using Spin Echo pulse sequence.

The normal meniscus had a relatively low signal intensity (black).

The cortical bone had a no signal intensity and provided margination of the glenoid fossa,
articular eminence, and surface of the mandibular condyle.

High signal intensity was noted in the middle portion of the condylar head and in the
central area of the articular eminence due to marrow fat.

The bilaminar zone and the attachment of the superior beily of lateral pterygoid muscle

to the anterior band of the meniscus had a high signal intensity (white).
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¢: Mandibular condyle,
Arrow: Meniscus,
b: Bilaminer zone
Arrow head: Superior belly of the lateral pterygoid muscle
I: Inferior belly of the lateral pterygoid muscle
Crossed arrow: Articular eminence
Fig. 12. The MR imaging of parasagittal plane with mouth opened using Spin Echo pulse sequence
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Fig. 6. The MR imaging of parasagittal plane with C.O using MPGR pulse sequence

Fig. 7. The MR imaging of parasagittal plane with mouth opened using MPGR pulse sequence

Fig. 8, The MR imaging of paracoronal plane with C.O using GRASS pulse sequence

Fig. 9. The MR imaging of paracoronal plane with mouth opened using GRASS pulse sequence



Fig. 10. The MR imaging of parasagittal plane with C.O using CSMEMP pulse sequence

Fig. 11. The MR imaging of parasagittal plane with C.O using Spin Echo pulse sequence

Fig. 12, The MR imaging of parasagittal plane with mouth opened using Spin Echo pulse sequence



