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Fig 1. Patient positidning for direct sagittal scann-
ing of TMJ

po|HHo Ao 2 APt Al ESH
4 B aSHGY FJ20L nEAT 2
Z, BAF 225 mAs, AL 133 kVp, ©@&FA
lmm, zoom 5°) %t}

o

2AsE4S loadingd F AL ATA
=273 (SOMARIS 3-D)9) 3% % X (inter-
active mode)oll A G| (AZF +175)8 443}
o 4P Mgt FHARE LA T
A me AAGHRODE AT F I3 (+45)
& A3
Q@ HFHIZEALA
AL4-" AFEHE IBM-PC/16 hit, AT &
2 (CPU 80286, RAM 4MB )o. 2 A] AR
29L& VIDAS 20(KONTRONAHS o] &3}
Az W LR == EGARES) 256 ©Al¢] 3]
A Z(gray scale)®& A Y3l IJHA7 B =(Fr-
ame grabber video board)E o] &3t tHFig 2.
Za), #A), A3, vt AR 9] ¢
g AAA 7L A G FFES v Y et
2 YA X g 52 ¥ vde 9
2+-& black(gray value 0), white(gray value 255
)¢} 254 N9 gray QAR AxstE Sdoz
AXE ARt oldZAZ ¥ o] oY FRE
M9 54 (262,272 byte) 2 B.Z7]19 A (hard
disk)oll AFstct Aoz FA437) 98
Ztzre] FAbE] 3 GGl FAE &

7]
A

x

337

Couter image analysis system
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AALATE F BELHT QA AR
A th(tendon)7t #E YBdoll F-2H(merge)st= H
9ol CTH ) Z Fol7} glomz T ZZ7te
BAE WY3ste AL oy &3] B4y
o] Augo g BeHo] e
oji} 2lti(tendon)oll AA e FEo]
B34t} Pettigrew $°& F9 52 (tran-
sparent mode)& ©] 83t AYHAIZ AL
TS AAAATAAE T BEARS s
HAMAZH =7 At BEd5 83 ae 9
gt F2AZ AAZ B&eA ¥rhi s
oul lEZy AP YA o]EFHQY
A2 el g AAsEA BEYHe) mjuns e
gy YA Fxo EHolZn BT
Kursunoglu $7¢ A4 AL E o] 43t
H7 2 AT oA AdsiaEzad F 4
AT LA FHLH AAY sAH L X
Yooz pAde] HFo] JAE d& oF
dzgeS Ao ot st

£ dFdAE SFedad e FAsE X
Aol dig AT A dEF 2R
29} AFHILENEH BF SFaetdHdy
Auryol gy F7Z, #AF L YRETXY
AL BA T ST BHTY TR
#HAE B9 & + Aoy ANdE
£ o] &3 AL AT FN BHL
7} B E3Ha 94X YAug PR3
t} ol ATAHA SFHE A4 &
£x o] FHRy oy HastuEAte]
o 3t AN &G0l a7HH o
7h AR or dxg 9 Bz g
2l AAE M E BT FxE9
@(image segmentation)e] 7Hs 3 #
Edo)9o o] 27d) A AFEH
AR A ME Z3E 42 AFA AFH
2 dzHo] BT ¥3E o] ojUslr} B}
At olol AFEH FAEAZA A= AHF
AHmanual tracing)ol &3 Fx¥E (digiti-
zation)o] 7€} o] wj FAte g FHL
E7}9)slc}. Hildebolt $'%& wt) @Az 7]-o}
Uz a-tA g ¥3l7](video camera-analog to

=
o 4y o
0

Lo

ok
30 oft o

o Of

.
i)

of
I PN o2 P oox b oo

oX of
S XA (koA e & cH o3l o



digital converter)9} CCD 2:7}vi(charge cou-
pled device linear photodiode array slide scan-
ner)® UA29dAA (digital imaging sys-
tem)& H|X33L CCD 271U $94& 2
AT

ARG S HGZR Y AR ATl H
3 AFEHGFEAGA Y AU TGN B
o PRI 9 Adde By glo] g4 £
Z A (calibration)d} 31 ¥ 3§ 5/ (parallel projec-
tion)3F Az}olr}, ol wha| At HAS
28] ARLATA T2aWL PP AT
249 A9 dolel matrixE o] 439 B
HE Aoz Qo] RegA I

FH HAFEHILFENIRE o] &3 AT
e 927 F9A 3237 F (intensity

transformation function)®& o] &3td=d A
Aela S AR AR TS ¥ 8k
Beto] 2 RHHY F74 X BA Y AA
£ol3tarh.

d| o] €} matrix7} 3] A& o] 3} W(screen)dl L}
e kA A7 98 AAddE A
AANEA #2385+ Q2™ masking tech-
nique®] thFAdel o A4 ol matrixe
Eato] 7edt e A(dissection)Alo & &
47t & B2 F AU

E d3e 5 AF489 71ed
Bol A4 72EF ¥y F2E9
2% ARE AT F QUS Ao

Ane o
SEEE
Az g,
v.a =

#4A B4

i
T
RN
of
dob
ﬂ'.
ot
N,
2{_14
=
©
[uc
ity
o
2
o
N,
uy)
>

L
)
ofj
2
)
lo
il
of
rot
ot

A%

ofj
>
=)
e
£ 4
[
[
o
aU
ol
>
e
2
X

341

—

(g M2 (H o
(e Y
1 ro

T 2% on

P EE 3R o

ox
ik

o ;4;
o

a

= o

o
M
>

e}
q9] o) g2zl o Feh
4 4 9% BAE o
Aol 7ol

REFERENCES

. Christiansen, E. L., Thompson, J. R., Kopp, S. F.

0., Hasso, A. N. and Hinshaw, D. B. : Radio-
graphic signs of temporomandibular joint disease:
An investigation utilizing X-ray computed tomo-
graphy, Dentomaxillofac. Radiol. 14:83-92, 1985,
Cohen, E., Ross, S. and Gordon, R. : Computerized
tomography as a guide in the diagnosis of
temporomandibular joint disease, JADA 110:57-60,
1985. :

Dijkgraaf, L. C., Bont, L. G. D., Otten, E. and
Boering, G. : Three-dimensional visualization of
the temporomandibular joint: A computerized
multisectional autopsy study of disc position and
configuration, J. Oral Maxillofac. Surg. 50:2-10,
1992.

Donlon, W. C., Young, P. and Vassiliadis, A. :
Three-dimensional computed tomography for
maxillofacial surgery: Report of Cases, J. Oral
Maxillofac. Surg. 46:142-147, 1988.

Fishman, E. K., Drebin, R. A., Hruban, R. H., Ney,
D. R. and Magid, D. : Three-dimensional recon-
struction of the human body, AJR 150:1419-1420,
1988.

Fishman, E. K., Magid, D., Ney, D. R., Drebin, R.
A. and Kuhlman,. J. E. | Three-dimensional Ima-
ging and display of musculoskeletal anatomy, J.
Comput. Assist. Tomogr. 12:465-467, 1938.
Fishman, E. K., Drebin, B., Magid, D. and Scott,
W. W. - Volumetric rendering techniques: Appli-
cations for three-dimensional imaging of the hip,
Radiology 163:737-738, 1987.

. Fishman, E. K., Magid, D., Robertson, D. D., Br-

ooker, A. F., Weiss, P. and Siegelman, S. S. :



10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Metallic Hip Implants: CT with multiplanar re-
construction, Radiology 160:675-681, 1986.

. Fjellstroem, C. and Olofsson, O. : Computed tomo—

graphy of the temporomandibular joint meniscus,
J. Maxillofac. Surg. 13:24-27, 1985.

Gelfand, D. W. and Ott, D. J. : Methodologic con-
siderations in comparing imaging methods, AJR
144:1117-1121, 1985.

Goodenough, D., Weaver, K., Davis, D. and La-
Falce, S. Volume averaging limitations of
computed tomography, AJR 138:313-316, 1982.
Gray, J. E,, Karsell, P. R., Becker, G. P. and Geh-
ring, D., G. : Total digital radiology: Is it feasible?
or desirable? AJR 143:1345-1349, 1984.

Heffez, L., Mafee, M. F. and Langer, B. : Double
~contrast arthrography of the temporomandibular
joint: Role of direct sagittal CT imaging, Oral
Surg. Oral Med. Oral Pathol. 65:511-514, 1988.
Helms, C. A., Katzberg, R. W., Morrish, R. and
Dolwick, M. F. : Computed tomography of tem-
poromandibular joint meniscus, J. Oral Maxillofac.
Surg. 41:512-517, 1983.

Helms, C. A., Morrish, R. B., Kircos, L. T., Katz—-
berg, R. W., Dolwick and M. F. : Computed tomo-
graphy of the meniscus of the temporomandibular
joint, Radiology 145:719-722, 1982.

Helms, C. A., Vogler, J. B., Morrish, R. B., Gold-
man, S. M., Capra, R. E. and Proctor, E. : Tempo-
romandibular joint internal derangements: CT
diagnosis, Radiology 152:459-462, 1984.

Helms, C. A, Vogler, J. B. and Morrish, R. B. :
Diagnosis by computed tomography of temporo-
mandibular joint meniscus displacement, J. Pros-
thet. Dent. 51:544-547, 1984.

Hemmy, D. C., David, D. J. and Herman, G. T. :
Three-dimensional reconstruction of craniofacial
deformity using computed tomography, Neuro-
surgery 13:534-541, 1983.

Hildebolt, C. F., Vannier, M. W., Pilgram, T. K. :
Quantitative evaluation of digital dental radio-
graph imaging systems, Oral Surg. Oral Med.
Oral Pathol. 70:661-668, 1990.

Katzberg, R. W.:'Temporomandibular joint ima-
ging, Radiology 170:297-307, 1989.

Kuhlman, ]. E., Fishman, E. K,, Ney, D. R. and
Magid, D.:.Two- and three- dimensional imaging
of the painful shoulder, Orthopaedic Review 13:
1201-1208, 1989.

. Kuijl, B., Vencken, L. M, Bont, L. G. M. and Bo-

ering, G. : Temporomandibular joint direct sagittal

342

23.

24.

26.

21.

30.

31.

32.

computed tomography: Evaluation of image pro-
cessing modalities, J. Prosthet. Dent. 64:589-595,
1990.

Kuijl, B., Vencken, L. M., Bont, L. G. M. and Bo-
ering, G. : Temporomandibular joint computed
tomography: Development of a direct sagittal
technique, J. Prosthet. Dent. 64:709-715, 1990.
Kursunoglu, S., Kaplan, P., Resnick, D. and Sar-
toris, D. J. : Three dimensional computed tomo-
graphic analysis of the normal temporomandibular
joint, J. Oral Maxillofac. Surg. 44:257-259, 1986.

. Magid, D., Fishman, E. K., Scott, W. W. : Femoral

head avascular necrosis: CT assessment with
multiplanar reconstruction, Radiology 157:751-756,
1985.

Magid, D., Michelson, J. D, Ney, D. R. and Fish-
man, E. K. : Adult ankle fractures: Comparison of
plain films and interactive two- and three-dimen-
sional CT scans, AJR 154:1017-1023, 1990.
Manco, L. G., Messing, S. G., Busino, L. J., Fasulo,
C. P, Sordill, W. C. : Internal derangements of the
temporomandibular joint evaluated with direct
sagittal CT: A prospective study, Radiology 157
407-412, 1985.

. Manco, L. G. and Messing, S. G. : Splint therapy

evaluation with direct sagittal computed tomo-
graphy, Oral Surg. Oral Med. Oral Pathol. 61:5-11,
1986.

. Manzione, J. V., Seltzer, S. E., Katzberg, R. W,

Hammerschlag, S. B. and Chiango, B. F. : Direct
sagittal computed tomography of temporomandi-
bular joint, AJR 140:165-167, 1983.

Manzione, J. V., Katzberg, R. W., Brodsky, G. L.,
Seltzer, S. E. and Mellins, H. Z. : Internal de-
rangements of the temporomandibular joint: Dia-
gnosis by direct sagittal computed tomography,
Radiology 150:111-115, 1984.

Maravilla, K. R. : Computer reconstructed sagittal
and coronal computed tomography head scans:
Clinical applications, J. Comput. Assist. Tomogr.
2:189-198, 1978.

Marsh, J. L. and Vannier, M. W. : Surface imaging
from computerized tomographic scans, Surgery
94:159-165, 1983.

. Matteson, S. R., Bechtold, W., Phillips, C. and

Staab, E. V. : A Method for three-dimensional
image reformation for quantitative cephalometric
analysis, J. Oral Maxillofac. Surg. 47:1053-1061,
1989.

. Moaddab, M. B., Dumas, A. L., Chavoor, A. G.,



Neff, P. A. and Homayoun, N. :Temporoman-
dibular joint: Computed tomographic three-di-
mensional reconstruction, Am. J. Orthod. 88:342
~-352, 1985,

35. Ney, D. R., Kuhlman, J. E., Hruban, R. H., Ren, H,,

Hutchins, G. M. and Fishman, E. K. : Three
-dimensional CT-volumetric reconstruction and
display of the bronchial tree, Invest. Radiol.
25:736-742, 1990.

36. Osborn, A. G. and Anderson, R. E. : Direct sagittal

37.

39.

41.

42.

computed tomographic scans of the face and
paranasal sinuses, Radiology 129:81-87, 1978.
Pate, D., Resnick, D., Andre, M., Sartoris, D. G,
Kursunoglu, S., Bielecki, D., Dev, P. and Vassi-
Ladis, A. : Perspective: Three-dimensional ima-
ging of the musculoskeletal system, AJR 147:545
~-551, 1986.

. Paz, M. E., Katzberg., R. W,, Tallents, R. H,

Westesson, P., Proskin, H. M. and Murphy, W. C.
. Computed tomographic evaluation of the density
of the temporomandibular joint meniscus, Oral
Surg. Oral Med. Oral Pathol. 66:519-524, 1988.

Pettigrew, J., Roberts, D., Riddle, R., Udupa, ].,
Collier, D. and Ram, C. : Identification of an an-
teriorly displaced meniscus in vitro by means of
three-dimensional image reconstructions, Oral
Surg. Oral Med. Oral Pathol. 59:535-542, 1985.

. Price, C., Connell, D. G., MacKay, A. and Tobias,

D. L. : Three-dimensional reconstruction of mag-
netic resonance images of the temporomandibular
joint by I-DEAS, Dentomaxillofac. Radiol. 21:148
-53, 1992.

Roberts, D., Pettigrew, J., Uduppa, J. and Ram, C.
. Three-dimensional imaging and display of the
temporomandibular joint, Oral Surg. Oral Med.
Oral Pathol. 58:461-474, 1984.

Sartoris, D. J., Neumann, C. H,, Riley, R. W. : The
temporomandibular joint : True sagittal computed
tomography  with  meniscus  visualization,
Radiology 150:250-254, 1984.

. Scapino, R. P. : Histopathology associated with

malposition of the human temporomandibular joint
disc, Oral Surg. Oral Med. Oral Pathol
55:382-397, 1983.

. Scott, W. W., Fishman, E. K. and Magid, D. :

Acetabular fractures: Optimal imaging, Radiology
165: 537-539, 1987.

343

47.

49.

51

52.

. FEI, LBE

. Simon, D. C., Hess, M. L., Smilak, M. S. and

Beltran, J. : Direct sagittal CT of the temporo-
mandibular joint, Radiology 157:545, 1985.

. Smith, D. K., Berquist, T. H., An, K., Robb, R. A.

and Chao, E. Y. S Validation of three
-dimensional reconstructions of knee anatomy:
CT vs MR imaging, J. Comput. Assist. Tomogr.
13:294-301, 1989.

Thompson, J. R., Christiansen, E., Sauser, D., Ha-
sso, A. N., Hinshaw, D. B. | Temporomandibular
joint: High-resolution computed tomographic
evaluation, Radiology 150:105-110, 1984.

. Thompson, J. R., Christiansen, E., Sauser, D., Ha-

sso, A. N. and Hinshaw, D. B. : Dislocation of the
temporomandibular joint meniscus: Contrast ar—
thrography vs. computed tomography, AJR 144:
171-174, 1985.

Totty, W. G. and Vannier, M. W. : Complex mu-
sculoskeletal anatomy: Analysis using three di-
mensional surface reconstruction, Radiology 150:
173-177.

. Vannier, M. W, Marsh, J. L., Warren, J. O. :

Three dimensional CT reconstruction images for
craniofacial surgical planning and evaluation,
Radiology 150:179-184, 1984.

Wallis, J. W. and Miller, T. R. : Three-dimen-
sional display in nuclear medicine and radiology,
J. Nucl. Med. 32:534-546, 1991.

Wayne, W. S, Ward, M. F,, Helms, C. A., Man-
zione, J. V. and Katzberg, R. W.: Computed tomo-
graphy for internal derangements of the tempo-—
romandibular joint: A technical report, Oral Surg.
Oral Med. Oral Pathol. 62:453-462, 1986.

. Wells, W. A, Path, M. R. C,, Rainer, R. O. : Basic

principles of image processing, Anatomic Patho-
logy 98(5):493-501, 1992,

. Zerhouni, E. A, Stitik, F. P. and Siegelman, S. S.

: CT of the pulmonary nodule: A cooperative
study, Radiology 160:319-327, 1986.

. Kim, S. H,, Chung, S. S, Yoo, S. K. and Kim, W.

K. ! 3-dimensional computer simulation of stereo-
tactic surgery, Stereotactic and functional neuro-
surgery 1990.

HASGE 4L ol &5 A E 3
AQATALE B AT, BTt
g3l A] 22(2):283-292, 1992.



- ABSTRACT -

A COMPARATIVE STUDY OF THREE-DIMENSIONAL
RECONSTRUCTIVE IMAGES OF TEMPOROMANDIBULAR JOINT
USING COMPUTED TOMOGRAM

SUK-YOUNG LIM - KWANG-JOON KOH

Department of Oral and Maxillofacial Radiology, College of Dentistry
Chonbuk National University

The purpose of this study was to clarify the spatial relationship of temporomandibular joint and to
an aid in the diagnosis of temporomandibular disorder. For this study, three-dimensional images of
normal temporomandibular joints were reconstructed by computer image analysis system and
three-dimensional reconstructive program integrated in computed tomography.

The obtained results were as follows :

1. Two-dimensional computed tomograms had the better resolution than three dimensional computed
tomograms in the evaluation of bone structure and the disk of TM]J.

2. Direct sagittal computed tomograms and coronal computed tomograms had the better resolution in
the evaluation of the disk of TM].

3. The positional relationship of the disk could be visualized, but the configuration of the disk could
not be clearly visualized on three-dimensional reconstructive CT images.

4. Three-dimensional reconstructive CT images had the smoother margin than three-dimensional
images reconstructed by computer image analysis system, but the images of the latter had the
better perspective.

5. Three-dimensional reconstructive images had the better spatial relationship of the TM] articulation,
and the joint spaces were more clearly visualized on dissection images.
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Fig 4. Coronal CT images: Closed mouth(Rt) and 2.5cm mouth opening(Lt.)



Fig 5. Three—dimensional reconstructive image (axial scan):

CT(Lt) and Computer image analysis system(Rt.)

Fig 6. Three-dimensional reconstructive image (dissectional axial scan):

CT(Lt) and Computer image analysis system(Rt.)

Fig 7. Three-dimensional reconstructive CT image



