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Abstract A megavoltage X-ray CT scanner has been devoloped in our department. Clinical
application of the system for positioning verification was investigated. Megavoltage X-ray
CT scanning was performed in treatment position just prior to irradiation. The patient’s
positioning was verified by comparing the megavoltage X-ray CT section with diagnostic CT
slices used for treatment planning. Contours of the anatomical structures on the diagnostic
CT section at the isocenter level were traced and then superimposed onto the megavoltage
X-ray CT section for quantitative comparison on the axial plane. Superimposition was done
by moving the traced contours in parallel such that the isocenter on the diagnostic CT
coincided with the image center of the megavoltage X-ray CT. Clinical application of this
method in 15 cases suggested good prospects for the system.
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Fig. 1 a. A megavoltage X-ray CT imge for a humanoid phantom. A corre-
sponding conventional CT for the same site is indicated as super-
imposed lines.

b. A megavoltage X-ray CT image for the phatom with 2 mm devia-
tion from the isocenter in the horizontal direction.
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Table |. Summary of background information and results concerning positioning
deviation in the cases involved in the study

Case no. ! Age Sex Primary disease Treatment site
| 81 female Cervix cancer Uterus
2 41 female Cervix cancer Small pelvis
3 37 male Primary unknown Brain (parietal lobe)
4 58 male Lung cancer Pulmonary hilum
5 34 female Chondroblastoma Skull base
6 43 female Meningioma Skull base
7 72 male Lung cancer Brain (occipital lobe)
8 57 male HCC Brain (parietal lobe)
9 68 male S/0O Lung cancer Chest wall
10 56 male Pituitary adenoma Pituitary gland
11 31 male Chondrosarcoma Clivus
12 50 female Chordoma Skull base
13 50 male HCC Hepatic hilum
14 63 female Meningioma Skull base
15 27 male Testis teratoma Brain (occipital)
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Fig. 2a-c. CT slices for treatment planning in an
advanced lung cancer (case no.4). 2b is
the center slice, 2a and 2c are lcm ce-
phalad and caudal slices, respectively. The
arrow in Fig. 2b indicates the isocenter
determined through treatment planning.

J3v3l

Fig. 3. A megavoltage X-ray CT slice taken in treatment position for the
case no. 4.
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Fig. §a-c. CT slices for treatment planning in a skull
base chondrosarcoma (case no. I1). 5b is
the center slice, 5a and 5c are 1cm ce-
phalad and caudal slices, respectively. The
arrow in Fig. 5b indicates the isocenter
determined through treatment planning.
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Fig. 6. A megavoltage X-ray CT slice in treatment position for the case no.
11.

Fig. 7. A superimposed image for positioning verification.
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Table 2. Summary of clinical results concerning positioning deviation detected with
megavoltage X-ray CT scanning.

Case no. Shell Horizontal Vertical Longitudinal | Distortion
I (=) 0 mm 2 mm 4 mm
2 (=) (+)
3 () 0 mm 0 mm 0 mm
4 (=) 0mm 10 mm 0 mm
3 (+) 0 mm 0 mm 0 mm
6 (=) (+)
7 (—) 4 mm 0 mm 0 mm
8 (=) 4 mm 2 mm 4 mm
9 (=) 0 mm 10 mm 0 mm
10 () (+)
1 (—) 0 mm 0 mm 0 mm
12 (+) 0 mm 0 mm 0 mm
13 (=) 0 mm 4 mm 0 mm
14 (+) (+)
i 15 () 0 mm 0mm 0 mm

Fig. 8. A superimposed image in a case of metastatic brain tumor (case no.
7). Distortion (rotation along the longitudinal axis) in positioning
is detected.

WIBETIL S mm B ORE T L, 25K

TEBhote, EERBTEN T OB RRIHEC z B

LB A=A R REERNTH - 7o, A A DB E SR DS T o T,

B AR I REEE» S 10~159ThH o 7. BEHREEOERELLSEATHE. ZOBIE
YRIEE R B2 EHO—2 I CTEA» o BEEEE



BEEXH CT ck3BE 257

BNEEEBH I IBEOMEDOTNTHS.CT
BE OB 2 ERICHRTE R NEHEERE
BAE LN EOZERE L5, XMy IaLv—FFE

Bro4F+y 7EHESHET AHEROTECH,

LT, AETIE CT #GEOLERTH 379,
CTHRERERL T 2EBERFMEROBEHL
LTERANENEWwEEZ NS, BEEXECT
G GESER CT B ORI k> T, LBk
DOERNLEBEBAGREL 5,

AT, EETHE L TOREOREEEICHEART,
FEA R ORHEE X P RE S, IhiE—EDZM
F CT O fHeSS, BERTEPIC HA TRl A A
BOTRBICE LT, AT74 Ay F 2y
{F5ETHES N, HEDTRIEHRIBBHE
#AMCEL TRECE(T 2720, HETEA
CTOEYF%2mm &7 5L TRETFRADE
EFHcOVWTHFOBENE SN S, THEET
ERE ORI, B TIikh & Mmooz st &
WL D, ARCEVWEESERTES, —
#, LEER S0, EEAR THRRERPEBED
FBZ LOEA T, BESEACT 0%E
vy S5l < ThH, HEHHOEEDOBRELE
BLEasbhsb, IOBFRERESEBEL T
HBEE X ## Computed radiogram Z#H& L T, &
BAROEERRE L 2.

MNEBHRO ODBEEDOAZ 6T, REE T IHETHE
ZOLDEFMAT 2 LT, IGEHER CT XE
25 HEEBEE~OBENICEI MBEOTHEEET
& 2UHEMES D 5, HEEE L CTERE X&CT
BREL GREETE 21TV, BET 5, BERE
BRTECTESLTHEBEAT 3 L5, 1HE
FHEA CT EE 0 S B RE~OBE 2w, B
R, ERISREES L VEEMERELEL B 120,
FOBEIN CTHRESE T ILESRH B, 12
72U, COREBRERE X REREE—LT 5
BETEEMMPEEEOND I L o REFHED
BESHET 2 WEeMsH 219,

MEEE X CT, hisrEEE, BHEEL D
B LAN 2 v b7 —27 B (I8 L T 7 — 7 Xk
MoOEMHEEREE Lie, BEROBEIZEb T
EETEA CTEREMBTELFRELT, A~
<A 7 EEREE TS T & L WERI O EE

WS 2 —EIAEER S k2 .0 CERRIGH 2 6
BLTWw3,

BE, RHEBEFETFEHRRCEIILbOTH
555, ThEFERCETIL RHEEEY WS
ZET, BREEEOBH L LBEEX K
Computed radiogram %22 Z E B3R & & 3,
¥z, THIZEDEROEEE X # CT Eifth—
BrBETEXEIE»5, S5EAUVE:2
borEzoND, SBOKESLUBHRLEZ,
BEtEMmz w3,

—7, BHEBRTFOHCOME, 5, BHRTIAE
BRI D ABRHIBR R FE L, VIENGEEFIC D 48]
BETo 7. BIBEED L AR O TR PHARE
DOEACHFEET 3 720, (ERD OFRMEOREE
KIIAREEOBENEEND, FRBIM ®
HEBEEHL, FARCOAFEMBNRATA F
BRDZLEDHEERELTWE, &7, BER
BT IRREMN 10-155 L Bni®, ZoOMicEE
OEALZ TN EEL 2AREEVHZ, V7 v
7 OWRF I L 2 EEAREOERERET L 2w,

D —MITBELEENATEEEE 2-26 B
& U EE B8 HBAR 5E 01870046 12 & -
TiThhi:.

X ™

1) Scherouse, G. W., Novin, K., Chaney, E. L.: Com-
putation of digitally reconstructed radiographys
for use in radiotherapy design. Int. J. Radiat.
Oncol. Biol. Phys. 18: 651-658, 1990.

2) McShan, D. L., Fraass, B. A., Lichter, A.S.: Full
integration of the beam’s eye view concept into
computerized treatment planning. Int. J. Radiat.
Oncol. Biol Phys. 18: 1485-1494, 1990.

3) Badcock, P. C.: The role of computer tomography
in the planning of radiotherapy fields. Radiology
147: 241-244, 1983.

4) Prasad, S.C., Glasgow, G.P., Purdy, J. A.
Dosimetric evaluation of a computed tomography
treatment system. Radiology 130: 777-781, 1979.

5) Sontag, M. R., Cunningham, J. R.: The equivalent
tissue-air ratio method for making absorbed dose
calculations in a heterogeneous medium. Radiol
ogy 129: 787-794, 1978.

6) Henson, P. W., Fox, R. A.: The electron density of



258

bone for inhomogeneity correction in radiotherapy
planning using CT numbers. Phys. Med. Biol. 29:
351-359, 1984.

7} Mohan, R., Chui, C., Miller, D. et al: Use of
computerized tomography in dose calculation for
radiation treatment planning. CT 5: 273-282,
1981.

8) Goitein, M., Abrams, M., Rowell, D. et al: Multi-
dimensional treatment planning: II. Beam’s eye-
view, back projection, and projection through CT
sections. Int. J. Radiat. Oncol. Biol. Phys. 9: 789 -
797, 1983.

9) Chin, L. M., Kijewski, P. K., Svensson G. K. et al:

Dose optimization with computer-controlled gan-

try rotation, collimator motion and dose-rate varia-

tion. Int. J. Radiat. Oncol. Biol. Phys. 9: 723-729,

1983.

10) Takahashi, : K., Purdy, J. A,, Liu, Y. Y. Treatment

planning system for conformation radiotherapy.

Radiology 147: 567-673, 1983.

Il E— ft

11)

12)

13)

14)

15)

16)

Aoki, Y., Akanuma, A., Karasawa, K. et al: An
Integrated treatment system and its clinical applica-
tion. Radiation Medicine 5. 131-141, 1987.
Kartha, P. K. 1., Chung-Bin, A., Wachtor, T. et al:
Accuracy in patients setup and its consequence in
dosimetry. Medical Physics 2: 331-332, 1975.
Griffiths, S.E., Pearcey, R.G., Thorogood, J.
Quality control in radiotherapy: The reduction of
field placement errors. Int. J. Radiat. Oncol. Phys.
13: 1583-1588, 1987.

Kelsey, -C. A., Lane, R. G., Conner, W. G.: Mea-
surement of patients movement during radiation
therapy. Radiology 103: 697-698, 1972.
Norwood, H. M., Stubbs, B.: Patient movements
during radiotherapy. British J. Radiol. 57: 155 -
158, 1984.

Hjl|E—, FREE, FEER M BERIESO
BEEXBREHAVE: CTBREEE (BRECT) O
B, HABSHRRERFSEE 3: 265-276, 1991,

B FSHEHENEEOEEE XS —Aa2Hwi: CT BEEBEOBKLA 2BE L 2. SEIZIERD D
EEOWEE BT 2 FHE 21T - Vo, WEEETE IR > CTHREEEA LB 21T 704, aE X 8 CT 2
B, BEER CTHELB L 72, BEHER CT OB E2ME L TEEE X B CTHRIZCA—/3—A >
R—XF32:TC, EENEER2TREE L, BUBEOMBERD 2 ET 5 15 G CHRIRIGH 21T - 1R,

EEOEHELSER SN, SEEMFHOBREDED, FUORUAREEORE AR TH-> . BEE

OEBEERLZ, BRICAEZED TRET 5.




