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Stereotaxic Radiotherapy Instrument Applicable to X-ray CT and MRI
1. Effects of the Matertials on X-ray CT and MRI Images

Nobuichi Makino, Takeo Ishigaki and Sadayuki Sakuma
Department of Radiology, Nagoya University School of Medicine

Research Code No. : 209.2, 601.1
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Evaluation of the materials applicapable to stereotaxic radiotherapy instrument for X-ray CT and
MRI was carried out in the phantom and human head studies. From the view point of volume
resistivity, MRI image quality, CT number and artifacts on the images, applicability of various kinds
of plastics and ceramics to each part of the device, e.g., a basal ring, head pin, coordinate frame, were
examined.

On MRI examination, both a stereotaxic instrument and a human head are exposed to the
magnetic and radiofequency field. Therefore the device must be made from such materials that
produce minimal radiofequency losses which may worsen the signal-to-noise ratio. So, it is necessary
to use an insulator which shows no inductive loss. In this study non polar plastics and insulated
ceramics showed lowest dielectric loss factor.

On X-ray CT examination, materials with relative low X-ray attenuation coefficient are required
in order to avoid artifacts on the image.

Basal ring and coordinate frame need transparency, heat resistance, chemical resistance and size
stability. Head pin rezuires high strengh and excellent processing.

From this study, the most suitable material for each component is as follows;

Basal ring and coordinate frame: polysulfone which has high strength, transparency and relative
low dielectric loss factor.

Rod of head pin: epoxy-whisker-reinforced plastic.

Tip of head pin: silicon nitrid which is a insulated ceramic.

. # E bOrLEHOME, k& XOHHEUIER T
AFvAsxs—&KE (LLFBLTSTD i3, L e, o STIEAVWLhAHEBAOHR
BEPRZE % Imm Hi O E CRBOMREN T X - T, X # CT FI?®, MRI Ji9D STI 0%
5LDTHBY, 1k, BEALHTERIZ e - THE,
X # CT, MRI(BRETILBIREE) (ZE{EF D CT o aiitE c i EE o BEDS

(60) AAEERSEE H4TE F55



BE E—-f24
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—@FA TR EIT, BEAM L O ¥ CIERM
M SRR BT T& 2 STIOMEZT-
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II. EENEES & HEDFESG

1) &8N

st EBHE o STI 1%, (a) Basal ring, (b) Head
pin, (c¢) Coordinate frame, (d) Supporter for
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(b) Head pin; CT CTiX & 0 ¥4 % slice ™
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BEFI624 5 A250

(61)

755

Sy
%

Fig. 1 Diagram of stereotaxic instrument. a:
Basal ring, b: Head pin, ¢: Coordinate frame.
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4{F7s Effective quality factor (Qe) %
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TR =AM AMEBHTH S,
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LT PBT-CFR 20), @R\ RERMIc=H+ v
BifE (LI TRE L CTEP) #&® 387D (CFR ©
EHET0%) (LI LT EP-CFR70), ®7 1 =
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7 V66D BLER (SizN,) DML 5255 2
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p DREFEILBRFESDDORE IR, B
BRAEZHCLEEEBRRAERE ©T-7% (Fig.
2). K& 21310 X 10cm, JE X 3mm TEER DO KR
(%15mm, #» — FEMOEI12mm, SEEDFE
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Fig. 2 Schematic diagram of measurement
method of volume resistivity. PS: Voltmeter, M :
Ammeter, A: Main electrode, B: Guard elec-
trode, C: Opposite electrode, S : Subject material.

VaEmEEL, BRIXBAERE (Keithley Inst-
rument #:8610B &) Z A\EIE U7, £Eist
0.1mA B EDB &I, 1500 DOFEES 2 41T,
0.05V 265V ¥ coBEATMEEL, BHHCE
KEfERAESR, VDAC-757 ) cilE L,
p DHEIHIEKFLDORE
p=QA/DRy (4)

THELE, ZZCTRy:Fig 2 TRIEXhA-B
TiLfE & BHED B3R D b B EFIEH(Q), d | R
FOEE(m), A FEEOER (M) ThH5 (E
BRCREBEB L & — FEBOFMA T TELITLE
P EBTROFRE L),

3) MRI o fE=#

MK B O AR & A THRE L e,

a) fMiKF TALI=VARYTFTAF w7 D
AR A Z Z10x10cm 72 512X12cm, E X
¥3iamTH B, €7 19 A WXL =7
(Zr0p), 71 37 (ALOy), ZELEESE (SisN,),
BALEESR (SiC) © 4 BEOERR2cm OB % L
o, Thoo&EER L& 224cm, Bldom, & X
Bem oAV =5 v v Z2EPC 8 5 BfAKE A
H, TodZ#dem EIFRCRE 3, 4@ Ahic,
£ &50cm, BEEE23cm @ saddle #l =2 4 L Oz =
DRV =5V v ERKE XBRBEE) 15T (E
Z % MRT-15A) ¢ Saturation recovery (LB
LT SR), Spinecho (LLTFEEL T SE) 500/30,
SE 1600/70DETHE—~2F 14 A, A5 4 AElecm
THREL, KT 7 ) =FRECEBR Y FRBR
L=,
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b) AEEHF—7 2+ 3 = v A, EP-CFR 70,
PMMA #hZ h O Eizo\ T Basal ring o
WA LB X #92cm o 718 £224cm O 7 % B
W, FoMflic Surface coil ¥ %, FoOPicA
7v T4 TOETE AN, BROFEER LIcHR
WAKES X Swiclic, B5EE0.15T TSR, SE
500/30, SE1,600/70% A F 14 Algl.0cm, 3 25
1 ARIRFC R L,
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A7 4 AEL.0cm THEEL, v~ v FIEL00, 1
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IvV. # &

1) #FHEEHERE o (Qm)

PIEED S EE LcHR % Table 1 @R,
PBT & PBT-GFR 30123 & A & p 0 F(L i
o 7eh PBT-CFR 20 TR D - 1o,
NY 66, NY 66-WRP-SiC 20, NY 66-WRP-Si,-
N, 4013k oo, SiCRFEHETH 5 05

Table 1 Volume resistivity of various plastics

PBT— PBT EP NY 66 NY 66

Material PMMA PET NY 66 —WRP— —WRP—

GFR 30 CFR 20 CFR 70 SisN,40 SiC 20

) 600 600 600 6.24 0.079 600 600 600

C““{f;::n} 1.65x10-  1.05x10-% 250%10~7 500%102 500x102 296x10-8 7.74x10® 4.05x10-8
Rv @ 3.63x10M  571x1010  2.40x 101 125 1.58 2.03x1010  7.75x10° 148 x 1010
A (m?) 855x10~  &04x10* 855x10* 855x10~% 855x10~% 855x107% 8.04x10-+ 7.07x10-
(m2) 3101073 2.06x10°% 3.04x10% 3.09x10-3 357x10°3 2.25x10-3 261x10-3 2.53x10-3

g\‘fi't"y”gnﬁe“s' 11010 15x10°  7x100  35x10  4x10-! 6 10° 2510 4x10°

SiC Sighy Al;0; Zr02

i IXKE

| [
B ——————
3b

Fig. 3 MR images in pure water
a Transaxial section(SR) Almininum and EP-CFR 70 make a marked hazard

images. PMMA makes no artifact.

b Sagittal section(SR) passing through the midline of ceramics balls about 2cm
in diameter. SiC makes a marked artifact. Dielectiric ceramics (ZrO,, Al,Os, Sis

N,) show no deterioration.
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20%DEFETRERRCELE & Shado
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B, JISHETRT 7 25y 7 0BREHEIE
HREPEEL T 5B DO WHS L ORGESH
TAFRIN-HUE & F 4 OWEEORMICITEEE
WS DI L TIAERRE N Tz,

2) MRI mfEE5

a) MiKkp  BEEHOL{BELLr-TdD
F (=), HALEEMET LY, BENEALD
D (L), PAOMHREGIBALD, MEAICHE

EYNEL BIXEerstobo®(4), EENE
&, BEEEMLEMICIES FLARLLDE (H)
LLTHEL, Table 2immL7e,

73 =9 s, EP-CFR 70# (Fig. 3a) &
SiC ok (Fig. 3bh) Tl ARFITEEE N
HE L7, R¥EMAwcEyv PBT-CFR 20, #&E
»% PBT-GFR 30, WRP &7 5 A5 7 BT
H 5 PMMA, PBT, NY 66 RUE&EME+L 5 3 »
2 A ZrQ,, AlLO;, SN B WTIREER 114 ¢
N ARFUFE I FEE Linh Tz,

Fig. 4 Transverse section throuth orbits ; test objects are attached in the similar
shape of basal ring

a SR 400/30 image ; alumininum basal ring markedly distorts head image.

b SE 1600/70 image ; EP-CFR 70 makes noisy image but no apparent distortion.

¢ SE 1600/70 image ; PMMA slightly deteriorates image quality.

d SE 1600/70 image ; Without ring the best image quality is demonstrated. SE

1600/70 sequences detect image hazard more clealy than SR and SE 500/30.
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Table 2 Imaging hazards of plastics and ceramics or X-ray CT and MKI

PBT— PBT— EP— NY 66 NY 66 Alumi-
Material PMMA PBT —WRP -—WRP Zr0; AlyOs SiC SiaNy
GFR30 CFR20 CFRT0 SisM.40  SiC20 num
MRI _ i _ _ a B _ i B B o _
Hazards
Hazards = == = - - = +* - +# 1 # + +
CcT
Number 111 226 711 289 488 94 648 391 >2,000  >2,000 2000 >2,000 @ >2,000

b) AEES—7 4 3 = v A TEHRVEEY
(Fig. 4a) #HE L7z, EP-CFR 70 Tlx@EE L&
DB ST E T4 SRR EOEIITL D
Ailch ot (Fig. 4b), PMMA (Fig, 4c) Tli4
REBE AT evBE (Fig 4d) it~ E
BoE T 46T, i SE 1600/700 ¢ 4 2 5
FITIE T A B - 1o,

3) X CT miEEs

EEFoEEL CT{E% Table 2 1R ¥IE
X MRI D¥E 12 U 25 CT B & ic g &
M7z h oL () & L7 (Table 2), i#E O
EENRRELNORTALI =T ALET I v 7 A
(Zr0,, AlQ,;, SiC, SisN,) TH-71-.

V. & %=

1) X#k CT & MRI oigFhiEic & 218

XBCTTRBYEINDLATA AR LECESE
MORRAEHMENRRITHIRED CT &%
bha, —H MRI Tli#EEEEEIBREA
CEENHDT, BRAERLEZ LT IORR
DRI LishE i, MRICEE T 5HE
DOEIROF L HNCHETH S Z L1112 O
THRENT,

2) MRI (2@ L =B nEs

LSEOEEEERICE S MRICE L -HE
D&M IERRM I EE, FEEAOYWEOFERY
2}, HERETH- THHFEEBREETFOOED
FEEE (tan §) KWHhEWF FRF v 7 (SEBK
FSAF e ZHRBEBEVIVRDT LT I v 7 A%
BRIRTHOR,

3) BAIKIRK E RRER & DE

MK BT 2HEE KD 77 2 F v 7 D MRI
TiEA e h o BEA (3910m LITF) Tlaid ks
EFIHR Lo t, —FHREF v 22T

FEFI624F 5 A25H
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13 SiC FEFETHEEESHB L, S ERD
Basal ringRic LT A5 v 7+ 7 OBETIRE %
TolefER i #fBEiEo PMMA CTh3hicEE
PMET L, ZhEB oG MKF TR
KA 0200 EizicoTvb 2 & & PMMA @
FHEEEE (tan §=0.02~0.03(10°Hz)) »iLLERY
KEWZ LI BT EEZELZBRS,

4) CT niEEENRRA

MEFEE CI3 BT X 5 beam hardening'® & 2%
Wiz & o artifact 235 5. STIIZ & » THEEEH
Wi X 5103 510t 2 5 4 ATH, %Iz Head pin
OPE CTEOE VS OOFEREYRAIBRITT BN
EXH 5,

5) MENREIR

HERL A SREE, THEE, WEERME, BB, M
IS inigs,

(a) Basal ring—B A X ERBEHE O 7 I 2
F v 7 CLEOEEEZELTSON I, EiRH:
FIAF o 7 CERARLOEAY RF Ly (LT
BELCTPS) EAYV AFAvFTv (LTFBELT
TPX) 235 %4 PS kit /kiF, TPX 358
DBRYIEWREDDDH, FEES 25y 7 TL
LO&HFRHE L, FREIEE LEREV-R Y ¥
v v (LLFBEE L C PSF) (tan 6=0.005(10°
Hz)), #R L7 (Fig. 5a, 5b).

(b) Head pin-Rod IZ\X38EE & BL#H 7o hn T A5
BERIhBOTREME TS AFy 7 THBEP
Dy ke CH 5 EP-WRP-5i;N,-40 235 7 L
TWwb:EL2bNRS, ¥ EP-WRP-SIC T3 20~
0% DSICOEHERLLFERTETH S (Fig.
6a, 6b), % 7= pin DEIMHIZF ORENEER S h,
ZThE#HTbo L LTRERBUATIEET v 7
ALMiel, TORTHEER (SizsN,) »iE#
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Fig. 5

SP mamd TIRARA A
GT: 3o

BRRIGIRA A 7 v 2 % o —%B—HEOBER~0O P E OB

: bt e S e U
: PSF
PMMA

5b

CT and MR images of PSF

F and PMMA in water make no hazard.

b MR ; SE 1600/70 image, Two plates (each sizes 10X 10em) in pure water show

absent MR signal without distortion.

I!i!I .

¢
o0

L_..------.h...l
6b

Fig. 6 Images of three EP-WRP-Sic rods which contain 20% (top), 25% (right

bottom), 30% (left bottom) Sic

a CT ;three rods in air make no artifact.
b MR ; SE 1600/70 image, each rod shows absent MR signal.

EZTHH MRIZb#LT\5, CT Tartifacts
t % 23, pin (34072 8512 artifact O HBITE T
H5,

(c¢) Coordinate frame-PSF o ® iz NMR
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Ah%, B4z PSFIXEEL. 24g/cm?, CT {#
#230TH 5,

(d) Supporter-CT iz i\ % 84 1213 CFR #%
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BELA D 719, MRI TRERN: 75 25 » 7 O
AN 7 e vy (LUFES LT PP) 23t B L 7-jifss
EDKIED T PPAE R & Bbh, BEE M
L GFR o hid kv,

VI. # &%

STI #4&E L T X # CT, MRI ##88 L, st
WERZXTT 57200 STI OMEOKRE, ERPFT
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2. MRI TIX STI % &% T4 AN ERIBHIC
EEnblcd, TTHRBRETHLZ LHDBETH
h, X fkfsik &\ Basal ring TIREEAHR
SRTFONIWEBEEO T 7 AF » 7 OFERIE
F L,

3. BB R E LSEIRT 5 &, Basal ring,
Cordinate frame I2% PSF 3B4ED & & AHE T
# % . Head pin ICIZ/HIE O IEE & I TiEHER S
HEP-WRPTSi;N, 40% &7 2>SiC 20~30% &H
DHONREHTH 5, PindeumilSi;N,. Supporter
2 WTIRXHMCTIXCFR, MRITRHER % 1
70 PP %5\ 32D GFR A3\,

ZOHRVYOERR, BAERFHHRERESSE ST
£ (B&R) cHFELL, KK) HEBCEISNER, =
#r4avKK 27 H{LETEKK ZEREKK L hE
BHEOREELZT, FHOCHICREMBELET,
T SREBRIZY b BB E, MEOR VARV EAEEX
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I IE e RIS L T,
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