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Immobilization Device of Head and Neck by the Mold of Rigid
Polyurethane Foam

Nobuichi Makino
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A new and easy method of patients’ immobilization mold using rigid polyurethane foam (Hi Prene
Super Froth, Mitsui-Nisso Urethane, Inc., Tokyo) (HPSF) has been developed. Methods of rnaking
immobilization mold and of its reinforcement are mentioned. Basic studies of the material and clinical
applications of the mold are described as follows. 1. Thermogenesis during the foaming and expanding.
2. Physical characteristics. 3. Linear attenuation coefficients for Co-60 gamma-rays. 4. Impairment of
skin sparing effect. 5. Irritability to skin. 6. Movements measurement of patients with HPSF mold in
clinical use.

This method has following advantages: 1. A very low density (0.05 g/cm?): The mold makes no ar-
tifact shadow in diagnostic images or rarely needs correction of dose in therapeutic radiology. 2. A
proper amount of pressure: Since frothy HPSF foams and expands in 2—2.5 times, it can directly make a
mold as a block from head through upper dorsum to fit the patient’s contour. 3. Simplicity in making and
trimming: A sac of vinyl in HPSF can make the mold anywhere such as in treatment room, simulater
room and CT room. A hardened mold can be easily shaped by knife cut. 4. Reinforecement of im-
mobilization: Plastic casts reinforce immobilization. 5. Safety and low irritability to skin. 6. Applicability
to any part of the body: Various sizes and shapes of sacs and a variable amount of HPSF can be adjusted
to any part of the body.

Hereafter, we expect the simplifying the foaming apparatus.
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D) SERR BB TR M &

D REOFERCALhBZ &

D ANMEwRETES L TMEER I &

DLETHS,

II-2, RikE e RE

HPSF o¥&ER, O FRAv <, © &H
B, Q BREVALENAER O <28,
® v (FvERfEE /s An), ® BEHLRHS,
FAEHEA Vo 7R = LSy 2EHF 4D H
VRORKAS TS, ERERV0LENFE
BTETRLNIZ6.5kg/cm? B OEESY % 5,
F-ARSERAEDOEEOSMOEIDIOY
BFHLE, 2EBEY Y TRESHh, 72 AREE
THEHIID, BRI L VRETH D,
F#, 7eAxATHv, 7 AABRRBRELTVEISIC
TETWA, /7 AAVIZEREL Ocm, £&E30cm O F
7RYFa— TS EBELRT LB,

II-3. E&-—J FERLFIR

HPSFREZTh R BELEML SR E—A %
YEBZEMTEBN, TR Iiav—2—0
BOLTHE X CEERHOBEEL L FR+5F
JIE % 7B,

DBEERMLTA-cB4DH, KEXo
HPSF o3 CicE % » -tk (Fig. 1-a) & Bi#ES
5, BEMBEANCEBHTAICE L 7obh 2 1T,
FMOTICEE, 3= —a vETWLEOM
Brkds, o, BESLCEE~—27%D
%,

2) BEA*—BEZL, HPSFoltg e =—-1
£5 (K Z1365X80cm, £ 20.02mm) DI AR,
HPSF% / Ao L h 7 v ARRETHH X8
% (Fig. 1-b).

3) W, R THAR®H(Z v VIR,
BRARA) w=—AEFOANME ks T, A
EREMCY I av—vav Lt tAU ALY
EBE, FA e mhITAY—THURBETS,
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Fig. 1 Process to make HPSF mold.
a) A number of pillows made of HPSF in various sizes and shapes are

prepared.

b) Frothy HPSF is belched from teflon-tube into a vinyl sac.

¢) HPSF is foaming and hardening on the couch of a simulator. Out-side
frames are fixed and press a expanding foam.

d) Unnecessary parts of a hardened mold are cut-off for better shaping.

HPSF M LT bELLIED 2 ETH6 &
HMxET3, Colic7 7 ) VBNARETE, A,
HEARI VEET A E, REE EE (12g/
eI B e, EOBEIC X < #E LEEICLL
Ehm3FIcRR4cR LR+ 5 (Fig lo).

) BERviav—vav T4 LARES,
5 HH X b #1545 LHEI L, BEL L
LCoFENThbo tailel b, BF
OIEFERE T -4 F X hiFEs X eRE D 8T
5,

6) BRI 5 L LI T B DT, BRED

HKO AT, BREHBEREYD v 2 —F4 7%
THBRTHEE—A F2TE LR (Fig 1d).
I FEE Y L4227+ —LnERNKRET

-1, REELEFENRES (Fig. 2)

HPSF 3L DT & MRFICRET 55, £0
R A BET 2 DCBERERIV-&FrL T
EHEE AT o fo. A EI160X85cm, B £0.02mm @
RV zFrve=—LDFEORIC6, 9 cm &12
cm D 3BOEIHEREE, bLfic=—n
LAHETORBORBLRE L v+ —THEL
fo, ¥, RBRFOERII23CTH T,
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Thermo-senser(surface)
% - Thermo-senser(center)
T j -
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Fig. 2 Diagram for measurement of ther-
mogenesis of HPSF (T=3, 6 and 9cm)

III-2. #tE—LbEk 4 i 1o —

REEOHNTE-—AL FHELTHERLEERD
HLRWAF e -1 (LATRELCSF), v 735 v-
R (LIFEE LT S-R) & HPSF o 3 &% JIS #i
(JIS-A 951N HEWFHEE, FEMESREE, B IHEE®
SHBWRSZREL A, EMEEIX50mm 350
AR THEEBEA L =7 5 7 R200WT €10
mm/ 7 OEECEME L, iR RS
v u v UTM-ML #C£ 2300mm, §E75mm,
JE 220mm O &FkE A2 200mm, AV O
RC1I0mm/ DT ERE CRIE L., Zhbofl
B2 TRE RFEOREONEL 3ET, &
hCHIR L b O *FEE L,

IIT-3. HaHROTRIN

SF, S-R, HPSF @ 3 Zixf LT =34 + —60
DHCERFEZ AT D REEAR L EIE L .,
WIS Ci DEREGTEH = <0 b, JIERIT R —
WRTF 4 2% v F - (ELBEELSR, NMB-
WBS-101-1#) B Nal (T v Fvr—%—
(Harshaw Chemical #8, J&'EF##2% ; RCA
4525) ZOEMA Lic, BESHFIL1024F + R D
< NFeF v VENT FF 4% — (Tracor-North-
ern ££8 TN-17108)) & A\ iz, JIEOE MR
Gt (Fig. 3) BRIE—RIESEM39.0cm, RFE
SEBER F T14.0cm, FEHIMERT.0X7.0cm
THEIWNcm DbDTHELK, $i7 ey 7DE
&5.0cm, % OFEEI D 7i30.5cm, RIERM DT
131.0cm BT L7, &HE1,000KV, range 60,
HERFEI600%, Gross count region 107.0—153.0
channels DRIESEHTH - 7z,

II-4. ERRERI-s L 2THE

BEM##&ELT\5E—n Foiskin sparing
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Fig. 3 Schematic diagram for measurement of
linear attenuation coefficients of narrow beam
for Co-60 gamma rays

effect B HEA VMBI d a0 F—607 v
~H#CEZ # 7+ A8, RCR-120-C1 &), 10MV
XREZH, LMRZE) D 22o0BEDRLS
BEEZ A, BEDOZEDOKESF & HPSF @ 2
HEORmMHE TS X i¥#E% TLD THIFEL
o, 250 T SSD 80cm, 10MV X gl
SSD 100cm, FRSHEF DA & 13361210 X 10cm, &
¥lo K i fi#12 X 12cm, B %1.0, 2.5, 5.0,
10.0cm o 4 18, FR&HEE X Dmax 2Gy (200rad)

—_—

TT—Co-60
80cm
F 87‘—-— Material
T1=TLD
I?Cm _{-Chember
——1— Mix-DP

Fig. 4 Schematic diagram for measurement of
effects of SF and HPSF on surface doses
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Table 1 Physical characteristics of the foaming materials

SF SR HPSF

Density (kg/m?) 14.7 35.3 46.0
Compression Longitudinal 0.74 2.76 1.82
test (kgf/om=*) Sideways 0.81 2.09 2.50
Eending test (kgf/cm?*) 1.01 2,024 3.24

* 1 kgflem?=9.80665 x 104 N/em? (N=newton)

** Two of 3 specimens were broken down during the test.

THo7", Mix-DP 77 v + — & DZFEHE IZ1lcm
¥ Z1Z TLD O A% R +XFERI 5 212 Hi,
TLD ({bEiA 7 b = 7 248, MBO-S type) %
ZFoPi 5 @EAL TR \WTRRERS L (Fig.
4). TLD ORE L5 %LUADbORERL .
¥, 77 b—AORMEL H10cm T THOLHER
PEAFIICT A4 H v 27 A« F=v3— (0.6¢cc,
2505/380) #HHA L CREHREXIEL, HRE
(Nuclear Enterprise ##, 2500/3%) THEZRL
7o, IIMVXEBTiEF+ YV T r—vavii+2%
A, =250 T+ 1 BLEATH -1,

ITI-5. FZFIBEAER

S-R, HPSF ¢ et T RIBMER < v 7
7TAMOTERE Lic, BEBREO > HLEEFEL20
ANOBEBREOLERIEA A #EREL.0X1.0cm TE
S 1mm Ok % 48R B A1 LASKRERE & 72K
2[E, v&hoEMBMEMBRICEHE LR, H
EEEE, () BEkl, () ERICHEV-ED
LSk, (4) BV ASam Rk, H)
o &Y LIc—HORRRIEE Az, 2Doo
HDSLHEDRIEDOENRNKE VT & D iBEEH
EE LT,

IV, #% 3

IV-1, ®uEEoR# (Fig 5)

HH X h20~3043 5% L REERECET S, &
DE O B SR E L35 A 26cm O JE & TT4TC, 9
cm T9C, 12cm CTlM4CTE S NETIZEVE
RBEnsd, —HREREGFLTL VHI0FTEE
EBhURERECET M, oM Bk
<, SCHIET—ETHS,

IV-2. %tk (Table 1)

B L SF 14.7kg/m?, S-R 35.3Kg/m?®, HPSF
46.0kg/m*T S-R X SF 0 2 538, HPSF 1349

EG
¢ o //"J Center
§ "
g ~
-
i /
L
L=
a

50 . ° Surface

- o
50 100 mm

Thickness ot foam

Fig. 5 Relationship of the highest temperature
and thickness of HPSF at foaming and hardening

IBmOWENRD 5,

FEME TR EE BB 13 SR AMERE 36 i 2kgf/em2LL
EHp—FENLTRY, HPSF,SFOJETH 5.
BIFRERER T, S-Ro 3EOMED 5 B 2
BB CIEELHIFITH L AEHEIT T,
Z OEEBTIL HPSF 2 —F R WERHE LA,
IV-3. BRI

=0 b =600 E L Icm @ W §7 5 Cll E
L7z SF, S-R, HPSF % h% h o A% e R 1958
B 1 (em=)20.0009, 0.0029, 0.0028-C, Table
2T b ORER Y KOMEEERE pw=0.0630

Table 2 Linear attenuation coefficients for Co-60
gamma rays

. Linear attenuation . Density
Material coefficients U (cm~-1) M (g/cm?)
SF 0.0009 0.014 0.014
S-R 0.0029 0.045 0.048
HPSF 0.0028 0.045 0.048

Hw*=0.0630cm-1
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ThLAbD L, ThZhoRBOEE &L oM
FRLTWS, EREOBBICHWSEWEREKR T
HEHROBIULE e leisd 2 EXFHEIR
5.

IV-4, EEERIcH & FTRE

Fig. 6 i~ Dmax 2Gy (200rad) #100% & L,
TLD THIE S hicRAERELY 77 v b L, B3
(@) 54& D TLD ©FEIgfEY, -~ — 1 3EERFE
T, ¥l ZOBIEMEIIE TLD BEo 2 .
Ty 7HRIETATVS,

20 Tl b v — L EI1362+ 7%, 5cm
JE® HPSF & SF offiz FhFhol+ 6%, 72+
6%, 10cm ETIXFAT<94+8%, 90+ 7%TH
5, 54F» Z71I0MVXETiEav b r—-126+
3 %, 5cm E o HPSF, SF Offi345+ 1%, 35+
2%, 10cm E55+ 5%, 44+ 3% TH 5,

PlEX Y ERRECHMOBEIZa A b o F
VeROFNIAF» 27I0MV XL b KE
{, ¥« HPSFXSF X W bR ULEZITIZ KL
i s,

IV-5. B #I#ER8&% (Table 3)

BEHED(-), (B)EEBHRE, (+), ()
RIGWHRIC E LT x B %175 L, SSRit=v
b r—n (p<0.001), HPSF (p<0.001) & DfH
WCHEREY R - CEMFI B, HPSF 3=
Vihr— A EFEETRG (p>0.3),

LAk X b S-R, HPSF D%# % Table 4 iz ¥ &
Bz,
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100 HPSE
—_ ic:o-ao
- o w—"
K - —_ -
é / — g
H oo
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.--'-"'"'-_'+
'..——. -
50 _——TiPer o

| -“—4’ S _,_,..--—'+
/‘1/ o - "'SF
—

%——éﬁ

0 5 mcm
Thickress
Fig. 6 The effects of surface dose by blocks of
various thickness of SF and HPSF.
(+ Jmean value (I) standard deviations

Table 3 Integrated results of Patch test (irritant
contact test)

Control
] .
(vinyl film) SR HPSF
. 19 3 13
+ 1 1 5
* 10 >
* 6

V. BE0EILFE—-TF 2
FwoFTRIZEB—
V-1. &EH
HPSF THEEEXHE > € -1 FR{FE5H &

Table 4 Material comparison between S-R and HPSF

HPSF

complicated and necessi-

Preparation process simple ) ;
2 B 5 tates technical skill
Properties of raw materials viscous liquid form frothy
considerably variable relatively constant

Expansion rate of foaming

(10—30 times) (2—2.5 times)
Thermogenesis slightly hot: moderately warm
Emission of irritating smell fairly strong weak
Irritability to skin strong weak

uncomfortable,
harmful to skin

Touch feeling

durable, safe

Bending, distortion frail

tolerant
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Table 5 Comparison between two plastic plaster casts
SCC TL-R
Carrier material knitted fabric of glassfiber nonwoven fabric
Imprognating material polyurethane prepolymer polyurethane prepolymer
Hardening liquid water water
Hardening period at room temperature 6—10 min. 6 min. B
) Density (g/cms3) - 0.65
Plllij::lwistim‘ Tensile strength (kgf/cms) 108 78
Tensile elongation (%) 3 18
Facility of Molding poor good i
fabrications Cutting poor good
Weight slightly heavier light B
General Impact resistance good good )
features Transmission of X-ray slightly radio opaque nearly radiolucent }
Irritability to skin harmful safe

*]JIS Standard L-1096

LITEETH BN, £ HT5 LB, RENIFEFE
WwHEEIC I D L, F R e RS A B
T5 &, RIRETT 441X HPSF @ € — 4 F T/
FL, EESIILEARHRERED I \T T A
F v 7 ¥ 7 ATEIERHLTHIHBEYTHS,
2 oMEIE 22y FF R (M ERHE, L
TFEELTSCC), #7541 +-R (ZEFELV A= v
B, LUF#E L€ TL-R) D EBRMHR X T o 7cD T
HwET S,
V-2, %5 (Table 5)

SCC & TL-R ok, T, —eii e
L7z, #ptEik JIS #24& (JIS L-1096) 1R\~ JIE
L7, BREEIL SCC AMERT VB, I & —i%
iz wT TL-ROFHRRY, ¥ TL-R
AOREATEBENY LAY TR Y =—Th
50T X ERMARIFTH B (Fig. 7).

V-3. {ERKE

SCCRBMEORBEETHZ ERH T
fed@PpeHEREFIE L,

= 2Tk TL-R @y owCah<%, TL-Rix

Fig. 7 Radiographs of left forearm enrolled by
plastic casts (left: SCC, right: TL-R) in six
layers.

Fig. 8 One-step procedure. Direct cast forming
over head and face by TL-R



BEFN594E 5 A25H

KTELT 50, LGl -5k TEHL LB
I{BETH., BEREETCEIFET LA,
PIZIEH TR LD THGTLEET 528
FREMOFT TN, BEEHI < B v
{rD T one-step procedure (ZRIEE B 5, ¥4, TL-
RZBEL LIRS TH S 1 ALIA 7 & B 5 En
Itc&5,

a) one step ¥ (Fig. 8)

A2 B 2 E R B fo iz B\ 5 el R
HY, KEhbo, BELRIALEE»HRE
ErTTOL 5 EEETHSD, & 2 CIREH
MO<R 27 ¥WMBHEXHAT S, TLRY 4@
CERTEY R AKEXDr — 220, #, T,
KR EFRMICE « 24 THE 2 h 5, TLR%
F 7 ARICHIER & TR TEL, K@l
THhBLAGTEEZD<R I RITFT o ENTE
5, 4Tk~ v 75— 7T HPSF & TL.R®D
E-LFERESLTLS,

b) two-step ¥

XD 7 7V, B =—AHRE D shell
ZEHATEVL Q ¥ 72 8®2HEB &L

721--(63)

plaster cast #{F5. @ plaster cast G % ¥
T.Q BEM»LT7 2 VAR EEl = — B
T shell #ERT 5D CH 72, TL-R 2{F - T
DHETIDORELZDEFTHEIQONR ST I
h, @ TLR K> FicAHici (Fig. 9-
a), @ Kizol, @ At vFRy bEE=—n
W hERETERY 75T 5 (Fig 9-b), @
JEcT& E2i%(Fig. 9-¢). @@ shell fER D 4,
BHTFEEO» 05 TR\ I h, BALL
i TTH o OFETE, BEHER one-step ¥ i
SR L, BEOKEYET AEECHT
5,
VI. EEE DR

BRELICEEROHRLHERT 5D, 1)
set-up OFHM:IIE 1 B O E &2 CERERNIZA —
AT 4 A EEFYFENETRO L h & L Ty
%.2) BRFPOBXICHTHEESRIBEOR
¥ ~—7 OB ¥ % closed-circuit TV camera
system'C-€ =% — L, JHEEN, & KT#
DIRET7 4+ L 2ABELTRELTWS, ¥4
EFINR+ STVt o cREELEDEE T X

-
.‘E ! 4 e
el

c

Fig. 9 Two step procedures
a) Stretched TL-R are rolled up on plaster model
b) Plaster model is covered by stockinett and a vinyl sac, then vacuumized.

¢) The completed cast.
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Fig. 10 Case 1; male, age 65, with a metastasis to the second cervical vertebra

from a bronchogenic carcinoma

a) Midplane sagital tomograph shows defect
b) Patient with HPSF mold on the couch of Linac
c¢) CT scan with the mold at 2nd cervical vertebra

DRI D - TR IIEGI A FIEET 5.

FEFIL) 65%%, B, B0 BEBAITHE 2 Hi
ol & LcBHE?R S 5 (Fig. 10-a), 71 F v
7 10MV X $2Cxfm) 2 PIfBE 2 BRAA L 1o A%, HiR
hORLHEREIFNRE - F (Fig. 10-b) % {Ehl
L54Gy D& 5E% LB, Fig. 10-c iXEEE

PEFE LICBRBEEMTO CTRTHD, =—AF
D4 LA O display DFCiHRLHH I
T oy,

REGI2) 67k, S, 72 EFARE (T, NoM,Ai FH
W) EArge~re, BEHOBEWE & BEHEST OB
F03B B iz, HPSF @& — 4 F O LoEEE



—-cranial -3

BEFN594E 5 A25H

-3

Fig. 11-a Case 2; male, age 67, ca. of left maxil-
lary antrum, Movement on the monitoring TV in
each treatment. Point 0: before treatment, O :
midway without attaching mold, O : immediately
after treatment without attaching mold, = :
midway with attaching mold, ® : immediately
after treatment with attaching mold.

riilht
3

e
1/7

-3

Fig. 11-b Case 3; female, age 41, postoperative
status of ca. of left parotid gland. Movement on
the monitoring TV. The patient was treated on
the right lateral position. Marks were the same
as Fig. 11-a

AFR LT, HERROBH PO X% Fig. 11-a
CABEBOBHER (0 2, v = oo,

723—-(65)

m), BHEHEH (0, @) DIFETE=2— 11
fEx7ey b L, BEEOEFFERLRVBE
e, EELCe=2—-LBEYHREDL S
LTFEHLE BEEZLY2mm Ll Eos) &
e Tsnteh, —EAMCBETHEEITELL
ow, TOXSTRIEMCIET I AFy 2 ¥ 7 2010
L HEEDOEHLETH B,

REFI) 435, #H:, EHTEHE (T.NoM,) i
BRESELTC=20 —60F =, FAF w2
BEF RO % F—&AL T 5 feddic, QBT
BEELI T, T=2— LB 2ERMN2 &
FU X 5 R L A (Fig. 11-b), BlEE#ES - X
hRSTEIHZE S Z LB bl haote, B
TE LT S WA T b ESELI X b B ¥ %2mm L)
ST e

M, SEEF, =2k e FI 7412 B
BEMoOKBE CllsetupdOFEBITED b i
Mmoo,

VII. & E S

BiFE L7 HPSF = — A FORBEE RO
R LBRIHEER, BE ROt
REBTHRBLERT S,

VII-1, HPSF E—Jl F D458

BZE L EE R ko FEEr B LT T
DRELD 5,

1) HPSF (% B 2395 /b X (190.045g/
cm®) 7S CT i EDFH LW BT LEHEOE
Freinbizse, ICBEREYHWET ST 50E
DR ETRL, B, Rkl & 0EBBAR S
EFTH S,

2) HPSF X FhA» b@EOEN (12g/cm?) T
FWLRT 510, EBOEE, Bt Lk
X < AELICHRRYTES, =, L5
Bfklitofce—A F2ECE 5, EEEO -
AR I\ TR AR critical organ imis 2 = &
BEGR, BREFMCEHYEFEL V50 TH
7@ localization error 234> 7t < 705,

DE=—ABONTREILEDTEEILES
LE—ALF2LHEETE, viav—2—0g,
CTolEgEsEo X 5 e\ T b onestep T

— A PR TE S,
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) 75AF 9 7 ¥ 7 ATCEEBRHWLT A &
MTEB, B TLRZELEMIIES CE
<, HHBERELR L,

5) HPSF, SL-Rizdticy v 2 v ®#FEHMIZL T
Bh, BETHMCEREREL T IR
Ly,

VII-Z. #&ISniEx

E=—-AROKkEX, BWEEXLBZLEILLD,
O, FFR'Y, RERE Iz & OB b FgH
T TORHE, AYER, ~v rrikihlol
M CK & IcBEHE € @ half body % 7z whole
body cast'®'?, PR O FEB I X OBKIBER O
BER S bBGRILATE D, FNTHREFRTIX
BEYBEELI 2K —F20THEL L LTORE
bRTEELS,

VII-3, =RIFCAMETE & A RAEM TRM T
& 2EEENER

CT o HBIC X b fERkD kTR IR E D b
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