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Radiation Dose of Lens and Thyroid in Linac-based
Radiosurgery in Humanoid Phantom
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*Department of Radiation Oncology, Samsung Medical Center,
Sungkyunkwan University College of Medicine, Seoul
TDepartment of Therapeutic Radiology, Y Institute of Radiation Medicine, Medical Research Center,
Seoul National University College of Medicine, Seoul, Korea

Purpose - Although many studies have investigated the dosimetric aspects of
stereotactic radiosurgery in terms of target volume, the absorbed doses at
extracranial sites: especially the lens or thyroid - which are sensitive to ra-
diation for deterministic or stochastic effect -have infrequently been reported.
The aim of this study is to evaluate what effects the parameters of radiosur-
gery have on the absorbed doses of the lens and thyroid in patients treated
by stereotactic radiosurgery, using a systematic plan in a humanoid phantom.
Materials and Methods : Six isocenters were selected and radiosurgery was
planned using the stereotactic radiosurgery system which the Department of
Therapeutic Radiology at Seoul National University College of Medicine
developed. The experimental radiosurgery plan consisted of 6 arc planes per
one isocenter, 100 degrees for each arc range and an accessory collimator
diameter size of 2 cm. After 250 cGy of irradiation from each arc, the doses
absorbed at the lens and thyroid were measured by thermoluminescence
dosimetry.

Besults : The lens dose was 0.231:0.08% of the maximum dose for each iso-
center when the exit beam did not pass through the lens and was 0.76+0.12
% of the maximum dose for each isocenter when the exit beam passed
through the lens. The thyroid dose was 0.18%+0.05% of the maximum dose
for each isocenter when the exit beam did not pass through the thyroid and
was 0.41+£0.04% of the maximum dose for each isocenter when the exit
beam passed through the thyroid. The passing of the exit beam is the most
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significant factor of organ dose and the absorbed dose by an arc crossing
organ decides 80% of the total dose. The absorbed doses of the lens and
thyroid were larger as the isocenter sites and arc planes were closer to each
organ. There were no differences in the doses at the surface and 5 mm depth
from the surface in the eyelid and thyroid areas.

Conclusion : As the isocenter and arc plane were placed closer to the lens
and thyroid, the doses increased. Whether the exit beams passed through the
lens or thyroid greatly influenced the lens and thyroid dose. The surface dose
of the lens and thyroid consistently represent the tissue dose. Even when the
exit beam passes through the lens and thyroid, the doses are less than 1% of
the maximum dose and therefore, are too low to evoke late complications, but
nevertheless, we should try to minimize the thyroid dose in children, whenever
possible.
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Fig. 1. Location of isocenter #1-#6 in the axial plane.
If #1 is represented by(0, 0, 0) as reference
point, other isocenters are represenied
by(anterior-posterior, left-right, superior-inferior:
unit=mm) relatively to isocenter #1.
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AFAY #4-#6 o ASAYDNAE arc L0 A
exit beam o] W= FAA Y NS ¥ A
o TFAIIA g AS RE 4G FYPE
th AE5AEL JAFAHE €2 HoAFHe 15Gy
ZAEEE 7 arc vt} HojladzEde) 250cGy FAF
stAth AMEE Bz ZEuoly AVE AR 20mm

GANTRY

j LSO

L60

R60 \
A

R30 AXI L30

Fig. 2. Position of treatment couch and the
corresponding arc plane. The center of
these angle of rotation is the radio-
surgery isocenter.
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Table 1. Lens Dose at Isocenter #1 - #3

Dose according to couch angle(cGy) TOTAL
Isocenter Lens AXI L30 L60 L90 R60 R30 dose %)
RT 0.92 0.84 0.63 0.62 0.64 0.89 454 0.30
#1 LT 1.08 0.74 0.66 0.62 0.78 0.71 459 0.31
AVERAGE 1.00 0.79 0.65 0.62 0.71 0.80 457 0.30
RT 0.60 0.70 0.59 0.50 0.46 0.58 3.43 0.23
#2 LT 0.88 0.58 0.51 0.50 0.56 0.74 377 0.25
AVERAGE 0.74 0.64 0.55 0.50 - 051 0.66 3.60 0.24
RT 0.38 0.35 0.29 029 044 0.44 2.19 0.15
#3 LT 0.39 0.46 0.45 0.29 0.30 0.31 2.19 0.15
AVERAGE 0.38 0.40 0.37 0.29 0.37 0.38 2.19 0.15
Average RT .. 0.63 0.63 0.51 0.47 0.51 0.64 3.39 0.23
(#1-#3) LT 0.78 0.59 054 047 0.55 0.59 3.52 0.23
AVERAGE 0.71 0.61 0.53 0.47 0.53 0.62 3.46 0.23

*1500 cGy was irradiated at point of maximum dose and 250 cGy was given equally by each arc.

Isocenter #1-#3 are located at midline of brain.
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A5HA #1-#3 A & arc A FRAA FF
He HEAFE Table 1 o 71ed wst 2o, 7
FAE 349 TLD HE& BAET Hugtelth Az
AR #1eA F34 HNFe F$ 2 FGHo zz
4.54cGy(0.30%)9F 4.59cGy(0.31%), 4.57¢Gy(0.31%)
olty, Z} arc BE 0.62-1.08cGy(0.25-0.43%)8] A&
& Holn 92 HTFL 0.76+0.14cGy(0.30:0.06%),

Z HFEL 0.77%0.16cGy(0.31 £0.07%)°lth. 7+
Fe AFE B arc B #H$E BEF AXI 2 AP
2 Ztz} 0.92+0.14cGy(0.37£0.06%)F 1.08%0.29
cGy(0.43£0.12%) 0]}, SAFHA #2424 =34 2
Fe F¢ ¢ HTeo]l 4 3.43cGy(0.23%)9 377
cGy(0.25%), 3.60cGy(0.24%)0la, Z+ arc BE 0.46-
0.88cGy(0.18-0.35%)2] M #Z& By $& HFL
057+0.08cGy(0.23+£0.03%), #H& HFE 063+
0.15cGy(0.25£0.06%) It} 714 =& AFL B
arc £ 394 130, 344 AXI 2 AFe 47
0.70£0.01cGy{0.2820.01%) ¢ 0.88%0.18cGy(0.35
+0.07%) otk

AATHE #3904 Fe FAAd =2HE F4
HE 7 219cGy(0.15%)2 TYstHx, 2 arc |
2 0.29-046cGy(0.12-0.18%)8] ATE Holw o=
B 0.36+0.07cGy(0.15£0.03%), &&= HF 0.37%

0.08cGy(0.15£0.03%)°lt}. 73 &L AA%Fe B
arc £ $3o4 R603} R30, FHSo|AM L3 22 A
%2 Z+zt 0.44+0cGy(0.18£0%) ¢ 0.46+0.01cGy
(0.18+0%) oIt}

A ARFAEAY FF AFE $5 3394118
cGy(0.23+0.09%), F& 3.52+1.22cGy(0.23+0.08%)
ojth.

AFAE #4-#6 AA Z arc A FARAAA EFF
He YFAEL Table 2 ¢ 2k SAFTAA #49
A FARA AFe F¢ ¢ Haol A7 4.43cGy
(0.30%) ¢} 14.49¢Gy(0.97%), 9.46cGy(0.63%)]x, Zt
arc ¥2 0.38-11.04cGy(0.15-4.42%)¢] AHE Ho]
o 922 WFE 0.74+061cGy(0.30+0.24%), FHZ
£ BT 2412424cGy(0.97=1.70%)°lt). 73 =&
AFE B arc & 3994 R30, F34 L0 &
2 A%e 7 1.92+057¢Gy(0.77+£0.23%) <
11.04+1.03cGy(4.42+0.41%) o]t} 190 2] arc o
A exit beam °] HZ FAMNE TR FEE X
2AEE AN 4y FF FAALFL 05520.01
cGy(0.22£0%) o]t}

HAFAA 45004 FAA AFe FH4 QL Gl
Z+zt 5.52cGy(0.37%)¢}  13.81¢cGy(0.92%), 9.66cGy
(0.64%)o}aL, 2zt arc HE 0.34-10.93cGy(0.14-4.37
%) AAFE RBojd, 35L& HT 092+1.27cGy
(0.37+051%), #HZL HF 2.30£4.24cGy(0.92*
170%)°1t}, 7bg & AFg =2 arc © 5904
R30, FZoAd 190 o8 Mze zZHzb 350+224
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Table 2. Lens Dose at Isocenter #4 - #6

Dose according to couch angle(cGy) TOTAL
Isocenter  Lens AXI L30 L60 L90 R60 R30 dose (%)
RT 0.38 0.43 0.38 0.44 0.89 1.92 444 0.30
#4 LT 0.38 0.56 1.43 11.04 0.59 0.48 14.48 097
AVERAGE 0.38 0.50 0.91 574 0.74 1.20 9.46 063
RT 0.35 0.44 0.37 0.36 0.51 3.50 552 0.37
#5 LT 0.34 0.56 117 10.93 0.46 0.35 13.81 0.92
AVERAGE 0.34 0.50 0.77 5.65 0.48 1.92 9.66 0.64
RT 0.58 0.54 0.24 0.25 0.59 273 4.92 0.33
#6 LT 0.28 0.37 0.60 9.23 0.40 0.28 11.16 0.74
AVERAGE 0.43 045 0.42 474 0.49 1.50 8.04 0.54
Average RT 0.44 0.47 0.33 0.35 0.66 2.72 4,96 0.33
(#4—46) LT 0.33 0.5 1.07 10.4 0.48 0.37 13.15 0.88
AVERAGE 0.39 0.49 0.70 5.38 0.57 1.55 9.06 0.60

*1500 cGy was irradiated at point of maximum dose and 250 cGy was given equally by each arc.

Isocenter #4 —~ #6 are located 28 mm apart form midline to left side. Exit beams pass through left lens at L90
of couch angle.

LENS DOSE by % of MAX. DOSE

1.2
] BIRT LENS
@ 2 LT LENS
& 7 CJAVERAGE
7 7
7 7
% 7
Z 7
7 7
7 Z
m
|
% %
# #  AVERAGE
#1 #2 #3 #4 #5 #6 AVERAGE

RT LENS 0.30 0.23 0.15 0.30 0.37 0.33 0.28
LT LENS 0.31 0.25 0.15 0.97 0.92 0.74 0.56
AVERAGE 0.30 0.24 0.15 0.63 0.64 0.54 0.42

Fig. 3. Lens dose by percentage of maximum dose according to each isocenter.

cGy(1.40£0.90%) 9 10.93%1.10cGy(4.37 £0.44%) AAFAA #6904 FRA AFe F$ L ol
olth. L0 9] arc o)A exit beam ©] HZ FAAES Ztzd 4.92¢Gy(0.33%)9 11.16cGy(0.74%), 8.04cGy
TR ¥EF AFZAYS AE 99 FF5 A4 0.54%)0) 31, z} arc W& 0.24-9.23cGy(0.10-3.69%)
A EL 0.59+0.01cGy(0.24+£0%) ojth. 9] Hze Holm, $2£& FF 0.82+0.95cGy(0.33
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+0.38%), &L HT 1.86+3.64cGy(0.74+1.45%)
olt}, 714 & AFE B arc & $Z44 R3Q,
HZo M L9 o2 AMEe 747 273+1.49¢Gy(1.09
+0.06%) 9 9.23%+0.21cGy(3.69=0.01%) °lc}. L90
2] arc °lA exit beam °] F&F FAHAE XA
REE XN2AYES AYE 9y FHF FIAAZTLS
0.46£0.03cGy(0.18£0.01 %) °]t}.

Al S AFARNAMY HF AFL 5 496+
0.54cGy(0.33+£0.04%), FHZ 11.47x1.76cGy(0.76 %
0.12%) ojth.

Fig. 3 & Z 3AsA44 d= A3 A%
o gt FAAY AFe BEEZ YEld Ro=A
AAFA-Y AR mE AP WIAE RAFn
g} 629 FAFTHAALS U eE PP B o
T A F¥5 AN BE AFL o HF9
0.42£0.29% °|™ Hd 1% w|elt},

2. HYH M

AZAE #1-#3 AX Z arc A A EF
HE HFAZLS Table 3 I 2o AAFAE #14
A YA AFe H$ 2 HFe) 7 328cGy
(0.22%)¢} 3.00cGy(0.20%), 3.14cGy(0.21%)elx, 2}
arc ¥Z 0.38-0.84cGy(0.15-0.34%)¢] HAZHE Ro]
, $&& B©F 0.55%0.16cGy(0.22+0.06%), FH&

BT 050%0.15¢Gy(0.20£0.07%) °)tk 7% =
AL 2 arc £ $3004 Re0, FZ]4 L60
2 AFe B 0.75+0.26cGy(0.30+0.10%) <}

lo e e

0.84£0.34cGy(0.340.14%)°]th

AFAA #2004 M AFe FH$ 2 HTol
ZZt 2.95cGy(0.20%)9 2.96cGy(0.20%), 2.96cGy
(0.20%)0)31, Z+ arc ¥= 0.33-0.88cGy(0.13-0.35%)
9 A#%EL Bojy, $=¢& HF 0.4910.22¢Gy(0.20
+0.09%), &3 HF 049+0.18cGy(0.20£0.07%)
ot} /1 E& ML HQ arc & $=94 R60,
FHZA 160 o8 HAFe 77 0.88+0.31cGy(0.35
+0.12%) 2 0.83+0.37cGy(0.3320.15%) ]t}

HAFAE #3014 B AFS F¢ F BI
Z+zh  1.76cGy(0.12%)9}  1.88cGy(0.13%), 1.82cGy
0.12%)0] 2, Z arc ¥ 2 0.20-0.47cGy(0.08-0.19%)
9] Mg mBoln, $2e HF 0.2910.08cGy(0.12
+0.03%), &3 T 0.31£0.09cGy(0.13%0.04%)
o]t} 713 BL AT 1 arc & $34 R60,
HZqN 160 &2 AFL 7 0.37+0.12cGy(0.15
+0.05%) ¢ 0.47 £0.23cGy(0.190.09%) 0]},

A HRAFARANY FT AFLE $F 266k
0.80cGy(0.18%£0.05%), #Z 2.61:0.64cGy(0.18*
0.05%) o)t}

AFAA #4-#6 o)A Z arc A P FF
HE HFAFE Table 4 o 2l AAFTAA #40
A g MBe A% g FHEel IZ 1.78cCy
(0.12%)9+ 5.64cGy(0.38%), 3.71cGy(0.25%)°] L, Z}
arc 92 0.22-4.49cGy(0.09-1.80%)2] A FE Hol
o, $22 @ 0.30+£0.09cGy(0.12+0.04%), FH=
& B 0.9811.72cGyl0.39+£0.69%) oItk 7% =

Table 3. Thyroid Dose at Isocenter #1 - #3

Dose according to couch angle(cGy)

. TOTAL
Isocenter Thyroid o
AXI L30 L60 L90 R60 R30 dose (%)
RT 062 042 042 0.69 075 0.38 328 022
# LT 043 038 0.84 053 0.41 0.42 3.00 0.20
AVERAGE 052 040 063 061 0.58 0.40 3.14 0.21
RT 033 037 042 0.60 0.88 035 295 0.20
#2 LT 044 037 0.83 0.55 0.42 0.36 296 0.20
AVERAGE 038 037 062 058 0.65 0.35 296 0.20
RT 020 025 029 0.41 0.37 0.4 176 0.12
43 LT 026 025 0.47 039 027 0.24 188 0.13
AVERAGE 023 025 038 0.40 032 0.24 182 012
pverage N7 038 035 038 0.57 0.67 0.32 2,66 0.18
fege LT 037 033 071 0.49 0.37 0.34 261 017
AVERAGE 038 034 055 053 0.52 0.33 264 0.18

*1500cGy was irradiated at point of maximum dose and 250cGy was given equally by each arc.

Isocenter #1 - #3 are located at midline of brain.
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Table 4. Thyroid Dose at Isocenter #4 - #6

Dose according to couch angle{cGy) TOTAL
Isocenter  Thyroid AXI L30 L60 L90 R60 R dose (%)
RT 0.28 0.34 0.22 0.23 0.46 0.25 1.78 0.12
#4 LT 0.37 024 0.30 4.49 0.24 0.26 590 0.39
AVERAGE 0.32 0.29 0.26 2.36 0.35 0.26 384 0.26
RT 0.26 0.43 0.30 0.35 0.53 0.25 213 0.14
#5 LT 0.30 0.37 0.37 5.21 0.28 0.27 6.80 045
AVERAGE 0.28 0.40 0.34 278 0.40 0.26 446 0.30
RT 022 0.30 0.21 0.25 0.49 0.24 1.71 0.1
#6 LT 0.23 0.23 0.29 428 0.27 0.25 5.56 0.37
AVERAGE 022 027 0.25 227 0.38 0.24 3.63 0.24
Average RT 0.25 0.36 0.24 0.28 0.50 0.25 1.87 0.12
(#4—46) T 0.30 0.28 0.32 4.66 0.26 0.26 6.08 0.41
AVERAGE 0.28 0.32 0.28 2.47 0.38 0.26 3.98 0.27

*1500cGy was irradiated at point of maximum dose and 250cGy was given equally by each arc.
Isocenter #4 — #6 are located 28 mm apart form midline to left side. Exit beams pass through left thyroid at L90

of couch angle.

< %S B arc & %94 R60C, FHSoAM L0
o2 AHzZL ZZF 0.46+0.23cGy(0.19£0.09%) <
4.49+0.54cGy(1.80£0.21%) ot}

HHFAR #59A HgA ATE A L HFo)
Ztzt 2.13cGy(0.14%)9F  6.80cGy(0.45%), 4.46cGy
(0.30%)°]1x, Z+ arc W& 0.25-5.21cGy(0.10-2.08%)
9] A% Holn, $£22 HF 0.35+0.11cGy(0.14
+0.04%), FHEL FF 1.13+£2.00cGy(0.450.80%)
oty 7} &L AZE HQ arc & $=20A R6O,
FSod L0 o2 AHFe 77 0.49+0.20cGy(0.20
+0.08%) 2 5.21%0.21cGy(2.09£0.09%)°]c}.

IAFAE #6oA A A F$ L FF o
Z+z} 1.70cGy(0.11%)2}  5.56cGy(0.37%), 3.63cGy
(0.24%)°)3, Z+ arc 'ME 0.21-4.28¢cGy(0.08-1.71%)
9} AL woln, ¢ HF G280 HCOYO11
+0.04%), HEL HTF 0.93+1.64cGy(0.37 £ 0.66%)
olt}, 7} E& ML HQ arc £ $24A REO,
FZAHd L0 o= AFE ZHzZ 0.49+0.22cGy
(0.20+0.09%) < 4.28+0.27cGy(1.71£0.11%) ©]th

A AAFA-ANNY HF AFE = 1.8710.23
cGy(0.12+0.02%), #= 6.08£0.64cGy(0.41+0.04%)
o]},

Fig. 4 © Z FAFHAE 42 Hoddzkge A%
of g M MdTL wELEE Yl Ao
AAFAHe] YRl wWE AFe WIHE RAF
Ut 6rdle AAFHEE e
TFo A S A Ha A%e Fo Az

0.22+0.11% o|™ Hdl 05% wlgte]r},
3. B gl AR MeF

couch ZtE L90 o2 nAHA AHdA IJAFAH
#1 3 #4 oAX Zz W3} 5 mm el A
Table 5 ¢} o] Aol YehiA Fdrh

rflo o

&

K

AYPANAFEL BE e A9 FA o
9] AgJo] W3] oj&EFH it} olEY AE
AE7e AgEor JIEHH, AE EX F4 o
9] WAt qzHE Fldl
Ao wabde A4 2 fA73 addE 3t &
A9 et Arle) EFEe A% FEE ¥
ZAEE dxb AR 2 Aol A" AL
A3 x-ray target oy} ILE HAYL EAT @
= AHEL B33 FEFPACZEE 77 YR8
ot AgriE) IREXFEI|Y T AE R &
AZe dig Hed ZAXE UYL glen, dA
747 2EP megavoltlage UA e AAPAATE
A AR} wAFAe Fid s WA TS Table 6
3 2t} olF ARAAE A APEAbATEAl
FRA =D A AFes & ¢ Ug wEeld, X
82399 Ao uwE Mz Wsh} Z arc of wet
e FAA 2 A HX e A9 MIHE AL

sste] 97 ol

fr
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THYROID DOSE by % of MAX. DOSE
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Z
?
Z
Z
2
7
Z
#5 #6  AVERAGE
#1 #2 #3 #4 #5 #6 AVERAGE
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AVERAGE 0.21 0.20 0.12

0.12 0.14 0.11 0.15
0.39 0.45 0.37 0.29
0.25 0.30 0.24 0.22

Fig. 4. Thyroid dose by percentage of maximum dose according to each isocenter.

Table :5..Effect of Depth on the Absorbed Dose at the Upper Eyelid and the Thyroid Area
Measured by TLD in the Humanoid Phantom

Percent of maximum dose

Eyelid Thyroid
Isocenter Location of TLD Rt Lt Rt Lt
#1 surface 0.25+0.02 0.25+0.02 0.28+0.12 0.21£0.06
5 mm depth 0.26+0.02 0.25+0.02 0.26+0.03 0.20+0.02
#4 surface 0.17+0.01 4.42+041 0.0910.01 1.80£0.21
5 mm depth 0.18£0.02 4.38+0.40 0.09+0.01 1.77+0.16
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Table 6. Doses of Lens and Thyroid from Stereotactic Radiosurgery in the Literature

Dose(% by max. dose)

Author Facility Detector

Lens Thyroid
Walton(1987) “Co unit Diode — 0.26 1 patient
Chierego(1988) L A" TLD 0.0 0.17 phantom
Podgorsak(1988) LA TLD 25 0.2 phantom
Berk(1993) %co unit TLD 0.26" 0.437 111 patients

“Linear accelerator

Dose when the beam of dynamic stereotactic radiosurgery passes through the eyes
The dose absorbed in lens and thyroid were 9+8 cGy and 157 cGy when the average maximum target

absorbed dose was 358 Gy.
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