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Utilization of Tissue Compensator for Uniform
Dose Distribution in Total Body Irradiation

Seung Jin Park®, Ph.D., Woong Ki Chung. M.D.,
Sung Ja Ahn, M.D., Taek Keun Nam, M.D. and Byung Sik Nah, M.D.

Department of Therapeutic Radiology . Gy eongsang National University Hospital®
Department of T herapeutic Radiology, Chonnam University Hospital

Purpose : This study was performed to verify dose distribution with the tissue com-
pensator which is used for uniform dose distribution in total body irradiation(TBI).
Materials and methods : The compensators were made of lead(0.8mm thickness)
and aluminum(1mm or 5mm thickness) plates. The humanoid phantom of aduilt size
was made of paraffin as a real treatment position for bilateral total body technique.
The humanoid phantom was set at 360cm of source-axis distance(SAD) and irradiat-
ed with geographical field size(FS) 144 x 144cm?* 40 x40cm’ at SAD 100cm) which
covered the entire phantom. Irradiation was done with 1TOMV X-ray(CLINAC 1800,
Varian Co., USA) of linear accelerator set at Department of Therapeutic Radiology,
Chonnam University Hospital. The midline absorbed dose was checked at the various
regions such as head, mouth, mid-neck, sternal notch, mid-mediastinum, xiphoid, um-
bilicus, pelvis, knee and ankle with or without compensator, respectively. We used
exposure/exposure rate meter(model 192, Capintec Inc., USA) with ionization cham-
ber(PR 05) for dosimetry. For the dosimetry of thorax region TLD rods of IxIx6mm?®
in volume(LiF, Harshaw Co., Netherland) was used at the commercially available hu-
manoid phantom.

Results : The absorbed dose of each point without tissue compensator revealed sig-
nificant difference(from —11.8% to 21.1%) compared with the umbilicus dose
which is a dose prescription point in TBIl. The absorbed dose without compensator at
sternal notch including shoulder was 11.8% less than the dose of umbilicus. With
lead compensator the absorbed doses ranged from +1.3% to —5.3% except mid-
neck which revealed over-compensation(—7.9%). In case of aluminum compensator
the absorbed doses were measured with less difference(from —2.6% to 5.3%) com-
pared with umbilicus dose.
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Congclusion : Both of lead and aluminum compensators applied to the skull or lower
leg revealed a good compensation effect. It was recognized that boost irradiation or
choosing reference point of dose prescription at sternal notch according to the lat-
eral thickness of patient in TBI should be considered.

Key Words . Total body irradiation, Compensator, Dose distribution
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Fig. 1. The humanoid phantom of adult size was
made of paraffin as a real treatment posi-
tion for bilateral total body technique
with holes(arrows) at measurement
points.



humanoid phantomel} 7to} Z34] o] ¥l 2 3g
952 of7)e)) Paraffing o] Ro mE9)
zation chamberg o|-438F MzuZEAg
2] A4 4 head, mouth, neck, sternal notch,
xiphoid, mid-mediastinum, umbilicus, pelvis, kn-
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72 4 Qe =719 holes WHEArk(Fig. 1).
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Fig. 2. Schematic illustration of the bilateral total
body irradiation technique. Abbreviations
used are: C, compensator tray; P, patient;
S, radiation source; W, treatment room
wall.
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Fig. 3. The compenastors(arrows) for head-neck
and leg-foot are attached to the shadow
tray of treatment head.
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Table 1. The calculated compensator thick-
ness for humanoid paraffin phan-
tom.

Site Lateral  Tissue  Compensator thickness(cm)

thickness deficit

(cm) (g/cm®) Lead Aluminum

Head 17.0 9.0 0.279 1.166
Mid-Neck 10.5 15.5 0.480 2.007
Shoulder 35.0 -9.0 * *
Midmedias-

tinum 295 -3.5 * *
Xiphoid 26.0 0.0 * *
Umbilicus 26.0 0.0 * *
Pelvis 335 -7.5 * *
Thigh 25.0 1.0 0.031 0.130
Knee 20.0 6.0 0.186 0.777
Mid-calf 19.0 7.0 0.217 0.907
Ankle 14.0 12.0 0.372 1.654

* Compensator is not necessary

Table 2. Mean absorbed dose at the various
points of phantom measured at SAD
360cm, FS 144 x 144cm? and 100MU
by 10MV X-ray(lead compensator).

Mean absorbed dose

Wwithout comp. Ellead comp. CIAluminum comp.

Percent difference

1 1 1 1 L 1

1 2 I |

5 :
Head Mouth Neck SN Med Xip Umb Pel Kne Ank

Measurement point

Fig. 4. Comparison of dose distribution with um-
bilicus dose after application of lead or
aluminum compensator. Abbreviations
used are: comp, compensator; SN, sternal
notch; Med, mid-mediastinum; Xip, xiph-
oid; Umb, umbilicus; Pel, pelvis; Kne, knee;
Ank, ankle.

Table 3. Mean absorbed dose at the various
points of phantom measured at SAD
360cm, FS 144 x 144cm? by 10MV
X-ray{aluminum compensator).

Mean absorbed dose

Measurement without compensator withcompensator

Mgasurement without compensator withcompensator point rad difference(%)* rad difference(%)
oint

P rad difference(%)* rad difference(%) Head 85 +118 756  -13
Head 85 +11.8 72 53 Mouth 88 4158 78 +26
Mouth 89  +171 77 413 Mid-neck 9.1 +197 76 00
Mid-neck 92 4211 70 7.9 Sternal notch 6.7 ~11.8 *
Sternal notch 6.7 -11.8 * * M‘ld-m‘ed|ast|num 7.3 —3.9 * *
Mid-mediastinum 7.3 -3.9 x Xiphoid 770 A3k *
Xiphoid 7.7 +13 " * Umblshcus 7.6 0.0 * *
Umbilicus 7.6 00  * * Pelvis 71 64 % *
Pelvis 71 66 * * Thigh 7.4 -2.6 7.4 -2.6
Knee 80  +53 74 26 Knee 79 489 78 426
Ankle 88 1158 74 o6 Ankle 88 +158 80  +53

# Percent difference relative to umbilicus dose.
* Compensator is Not necessary.

®32 100MUE 2AlEL g &d FpAlske Al=rEdd
ol umbilicusoll4] 7.6radolglx 2A AL 7} &
mid-ncek ¥+ 9.2rad24] umbilicusel B35}
21.1%7 23 = e Z2FA7 71 & sternal
notch(ol7i5-¢]) ol A& 6.7rad24 11.8%7} =]
slgich. oz ARg =2ARAANE AT F 5

# Percent difference relative to umbilicus dose.
* Compensator is not necessary.
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Table 4. Mean absorbed dose at thorax mea-
sured by ionization chamber and TLD
at SAD 360cm, FS 144 x 144cm’.

Mean absorbed dose

Measurement ionization chamber™ TLD®
point

rad difference(%)* rad difference(%)*

Sternal notch 6.7 -11.8 7.5 -9.6

Mid-mediastinum 7.3 -3.9 7.9 4.8
Xiphoid 7.7 +1.3 8.1 2.4
Umbilicus 7.6 0.0 8.3 0.0

% Measured at paraffin phantom.
$ Measured at commercial humanoid phantom.
# Percent difference relative to umbilicus dose.

antom£ ©l4-8e] mid-mediastinum(sternal not-
che} xiphoid®] $7k4)& Ad=ste] TLD= =33
gk, SAD 360cm, FS 144 x 144cm*Z 764
10MV XrayE 100MU Z=Aletd-e o A4 54
Ze 7 9rad¥z umbilicus dose 8.3rad(mea-
sured by TLD)ol| u)ste] 4.8%Aic}. slejgo g
"HE  arm$ humanoid phantomel ®2x)7]3
TLDE &A3 sternal notch %% A2k 7 brad4d
3 umbilicus dose 8.3 radell ulate] 9.6% A ¢rt.
glelsl Melol 4 jonization chmaber® A% th-
orax §-¢| Al#ke umbilicus dose 7.6radol] Hl3}e]
sternal notchell4 6.7rad® 11.8%, mid-medias-
tinumoll 4 7.3rad2 3.9%7} zZt2+ #9lem xiphoid
HHolA= 7. 7rad® 1.3% 2atch(Table 4).
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R¥o} A 5 ol tishe] 22t Aztalgch. B9 NFPAEAA] 7 AR E-$o
4& 9sted shefger Aql 719 QA YL AA XgA)e Aflel vlwstA vt
ol AHg3tgdn). ¥habde 10MV X-ray(CLIAC 1800, Varian Co., USA)E, Z47]7+ expo-
sure/exposure rate meter(model 192, Capintec, Inc., USA)with ionization chamber(PR 05)
< ol83ldx SAD 360cmel metdl diwde] HFAE w5y s)sleta whadEAlelE 144 X
144cm’ e 23led HAale] EJE L2 slglew head, mouth, mid-neck, sternal notch, mid-medi-
astinum, xiphoid, umbilicus, pelvis, thigh, knee % ankle-$Jsll 4] midline absorbed dose & 77}
FA3A. 59 A% FA= 2AEVHEAE AR AFd4 humanoid AglelA 11X 1 xBmm*F
92} TLD rod(LiF, Harshaw Co., Netherland)& o]&-3}%ict.

Z5 : Umbilicus® 71E22 #9ed ZARAAE A43t4 42 2SS FFA%S —11.8%A
21.1%741 9] zpolE Hgdrt. o7z E£3H=EE sternal notchellxle) Az 11.8% 443}t =4
BAAE A8 A5-o F5A%S 0.8mm FRAAS] 7% mid-neckel A —7.9%, 2.9 b 54
& +1.3%0°14 —5.3%7t7 gt 222 1mm % bmm ¢-FelE 2AAE 2438 25 ankle ¥4
N 5.3%, 29 }E ¥-9e —2.6%NM 2.6%71A 9] F5Ale 2bo]E Bych

ZE i $Fv)Foe ARg HAMMIAEAN ZARAAE A2k7)23 e umbilicus kel w2
hode o FAN9 Ao glelAd vl wkEauigt RAEHE vehlgich ot dE AEFelA
= Algke] 11.8% A= Z23k2Z #x}e] lateral thickness zlelol] el A=k7}5%& sternal
notch® Al&islAv} boost irradiatione] 2] ojo}dhe- o 4= glgirh.
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