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Fig. 1. Three types of immobilization devices. (A) Knee rest supine. This device can fix knees at supine position with comfort to
patients. The device can be used also as "Foot rest prone” to support feet in prone position. (B) Foot rest supine. This device can
fix feet with certain diversion angle in supine position. (C) Knee rest prone. This device can support thigh and knee in prone

position.
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Fig. 2. A volunteer on immobo-
lization devices. (A) The volunteer
is immobilized with “Knee rest
supine” and “Foot rest supine”.
(B) The volunteer is immobilized
with “Knee rest prone” and “Foot
rest prone”.



Fig. 3. The Left-Right direction, Anterior-Posterior direction
and Craniocaudal direction are defined along each axis.

Fig. 4. The leftright setup error was measured on an
anterior-posterior image. The length from isocenter to ischium
was measured. The difference of the length is the setup error.
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Fig. 5. The anterior-posterior setup error was measured on a
lateral image. The length from Y axis to sacrum was measured.
The difference of length is setup error.
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Fig. 6. The craniocaudal setup error was measured on an
anterior-posterior image. The reference point was determined
3cm distant from isocenter in the X axis. And vertical length
from reference point to ischium was measured. The difference
of the length is the setup error.
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ALeft Aleft 4 Anterior 4 Anterior 4 Cranio A Cranio
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Fig. 10. Left to right isocenter distances between DRR images and portal images. The origin of the ordinate’s axis represents the
isocenter position in DRR. (A) without immobilization devices. (B) with immobilization devices.
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Fig. 12. Craniocaudal isocenter distances between DRR images and portal images. (A) without immobilization devices. (B) with
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Table 2. Maximum Difference and Average Standard Deviation in Portal Films

Maximum difference (mm) for each axis

Average standard deviation (mm) for each Axis

. Anterior Cranio . Anterior Cranio

Left right posterior caudal Left right posterior caudal

Without 730 23.10 13.50 110 2.10 1.00
immobilization

With 490 8.20 4.80 0.90 1.60 0.80
immobilization

p-value 0.029 0.013 0.061

ex 9 H ZFEEAE A 2 A3 did 34 mmol|4 49 mmZ, 23.1 mmoll4] 82 mmE, 13.5 mmellA]
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Table 3. Percentage Setup Errors Greater than 3 mm and 5 mm for Each Axis

Percentage setup errors >3 mm (%) Percentage setup errors >5 mm (%)
Left right Anterl.or Cranio Left right Anterl‘or Cranio
posterior caudal posterior caudal
Without 2717 56.95 53.44 6.52 27.15 13.76
immobilization .
Wlth e 7.53 20.85 9.05 0.00 34 0.00
immobilization

Table 4. The Time Sequence Influence for Each Axis

Mean absolute difference (mm) for each axis

Group dleft ALeft 4 Anterior 4 Anterior 4 Cranio 4 Cranio
right right posterior posterior caudal caudal
(sim-DRR) (portal-DRR) (sim-DRR) (portal-DRR) (sim-DRR) (portal-DRR)
Group 1
(early treated) 11 09 1.2 12 038 14
Group 2
(late treated) 14 1.3 24 12 14 07
p-value 0.324 0.259 0.009 0.494 0.049 0.005

1.1 mmollA 09 mmZ(p=0.029), 2.1 mmollA 1.6 mmZ A7l wE 5 At Zhell fojg Aelvt gl A

(p=0.013), 1.0 mmell4] 0.8 mmZ(p=0.061) 7| 7-& A&  vrelxkek(Table 4).
oz FAsl= 20 F vehdh(Table 2).

. ok ol A=

3.3 mm, 5 mm Ol ITHLA} gt HiE

3 mm o9 1A QX Wk W%t 5 mm o449 3L ke skA| 2AZ7|FE AEsE AR, J)1HE ALEA
Aox WA HliEsE S AT Table 30 RN ok Wi}l nlwsle] AHAo] b4 i AL &l
. 2AVTE ALTe 2, A PUECE 3 mm o] T Rk T-test 73 A7 £ 54 A5 9
2% 27.17%ANA 7.53% %, 5 mm 1442 Q3= 6.52%0l g Ztol & Vel e WekolA] AR A o] s
A 0%% FAERIE, AFHWFLZE 3 mm o|Fe] X+ Awk, 3 A% Wk Fo) weke) 1 exst 2w
56.95%°01 4 20.85%%, 5 mm ©]&4Y A= 27.15%A gFol] Hlslo] EAs] a3 AL Feld 4 gk =4
340% % FlERUL, FUEYSRE 3 mm o X BAART YALANTAHAZ k] o5 AwE e,
53.44%°ll4 9.05% %, 5 mm o] X+ 13.76%914 0% IA7)F v AL A F9 wreke] 9x= ¢k 16 mm ASE
2 FolEdrh RARE A3 ke Fu) weke] ex}= ZH7E F 4.0 mm,

42 mm AEQh 7|E9] Aol w2, Fu) waksl A

4. DHI|TF ALERS SEHZ0| 2F wetHs "ot

% ol Ae] 14 A} ulad ZA el gl

TRTFE HEAez Agats MAAAY uEel w7 B AFe AT ole] st YAt 2
g ZAMST} QEA By febel, TRAT AL AT AL A 2F 24 H9, A, Ful oz 2
842 A7\ G2 F AL ABe ol AL 7 o 10mm, 12 mm, 12 mmE UERET o] 3ekE 3
=

& 24T SARATYANS RANRAA, A AT RH ez Aol Dol AF Y
ATFYAATL ZAGAAR ZHe] 2AE FAR A% A v PP 0RF FEAA, ARHoz B A

- 142 -

rld

T

=

gt 0!
=



FEE APAL Yehile %S o Hez BT

|
o

B ATodA FAHH 3 e X 71EY oA 27T
off #gk Aol Huxle 24 2xpuc A3 22 A
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alpha cradle, foam leg support 52 A7 FE AL &
wf Rolx] 8 AR zAAAR Alele] A QX Zb
7t #-9- weko g oF 1.9 mm, 2.7 mm, 3.2 mm, A& Wk
©2 23 mm, 32 mm, 32 mm, 79| @O E 26 mm, 3.2
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NTFE ALsRE vl ox A wiert AR EoES
g 4 ek 2
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WA B DI NS £ 3, Aol AR
5 ANAL SAE) 2] g Al Akl
g 2 X7t Bk S Helvke A7 AL 9)
o0, el £ dFeldE 2ol Aol ehbA g
T e E T
E AEAY] 357 24 2x}ol| vx] o] mmjs}

)
%0,
£
i
o

971 wEeleta Azt

AR, B AdFelA ke oAl ZA7TE AL
A7d A A8 5 g3, 3RpellA AGtE AlF3t
o, AP S FEAI 22 2Rt 34 X8 Al SRS
&S v Aoz Jdd

Dk
kd
Ao
rek

1. Corn BW, Hanks GE, Schultheiss TE, et al. Conformal
treatment of prostate cancer with improved targeting: superior
prostate-specific antigen response compared to standard
treatment. Int J Radiat Oncol Biol Phys 1995;32:325-330

2. Fukunga-Johnson N, Sandler HM, McLaughlin PW, et
al. Results of 3D conformal radiotherapy in the treatment of
localized prostate cancer. Int J Radiat Oncol Biol Phys 1997;
38:311-317

3. Pollack A, Zegars GK, Starkschall G, et al. Conven-

10.

11.

12.

13.

14.

15.

16.

17.

- 143 -

. Rosenthal SA, Roach M I,

. CAtton C, Lebar L, Warde P, et al.

SER 2 40 ofX LEINF Y ¥ S84 ot
tional vs conformal radiotherapy for prostate cancer: prelimi-
nary results of dosimetry and acute toxicity. Int J Radiat Oncol
Biol Phys 1996;343:555-564

. Soffen EM, Hanks GE. Hutn MA, et al. Conformal static

field radiation therapy treatment of early prostate cancer ver—
sus non-conformal techniques: a reduction in acute morbidity.
Int H Radiat Oncol Biol Phys 1992;24:485-488

. Schultheiss TE, Hanks GE, Hunt MA, et al. Incidence of

and factors related to late complications in conformal and
conventional radiation treatment of cancer of the prostate. Int
H Radiat Oncol Biol Phys 1995;32:643-649

. Hanks GE, Schultheiss TE, Hunt MA, et al. Factors in-

fluencing incidence of acute grade 2 morbidity in conformal
and standard radiation treatment of prostate cancer. Int H
Radiat Oncol Biol Phys 1995;31:25-29

. Suh YL, Yi BY, Shin SA, et al. A feasibility study on the

abdomen immobilization with air injected balloon blanket.
Korean J Med Phys 2002;13:176-180

Goldsmith BJ, et al.
Immobilization improves the reproducibility of patient position—
ing during six-field conformal radiation therapy for prostate
carcinoma. Int J Radiat Oncol Biol Phys 1993;27:921-926
Improvement in total
positioning error for lateral prostatic fields using a soft immobi-
lization device. Radiother Oncol 1997;44:265-270

Garcia R, Qozer R, Le Thanh H, et al. Radiotherapie
confirmationelle des cancers de la prostate: apport de la con-
tention pelvienne et de nouveaux reperes de positionnement.
Cancer Radiother 1997;1:307-313

Faiz M. The physics of radiation therapy. 3rd ed. Philadel-
phia; Lippincott wiliams & wilkins, 2003:220-226

Huh SN, Cho W, Park YK, Ha SW. Development of de-
vices for improving the reproducibility of patient positioning on
a breast board. J Korean Soc Ther Radiol Oncol 2005:23:
123-130

Malone S, Szanto J, Perry G, et al. A prospective com-
parison of three systems of patient immobilization for prostate
radiotherapy. Int J Radiat Oncol Biol Phys 2000:;48:657-665
Andrew K, Val G, Nicole H, Sandra T. A randomized
trial evaluating rigid immobilization for pelvic irradiation. Int J
Radiat Oncol Biol Phys 2003;56:1105-1111

Dunscombe P, Loos S, Leszczynski K. Sizes and sour-
ces of field placement error in routine irradiation for prostate
cancer. Radiother Oncol 1993;26:174-176

Song PY, Washington M, Vaida F, et al. A comparison
of four patient immobilization devices in the treatment of pros—
tate cancer patients with three dimensional conformal
radiotherapy. Int J Radiat Oncol Biol Phys 1996;34:213-219
Gildersleve J, Dearnaley D, Evans P, et al. Reproduci-
bility of patient positioning during routine radiotherapy, as as—
sessed by an integrated megavoltage imaging system. Radio-
ther Oncol 1995;35:151-160



oll

ch

E

FHARE B 2EE| X 2007:25(2):134~ 144

—— Abstract

Development of Immobilization Devices for Patients with Pelvic
Malignancies and a Feasibility Evaluation during Radiotherapy

Jong Min Park, B.S.*, Yang Kyun Park, M.Sc.*, Woong Cho, M.Sc.*,
Charn Il Park, M.D." T and Sung Whan Ha, M.D.TT

*Department of Radiation Applying Life Science, Seoul National University Graduate School,
TDepartment of Radiation Oncology, Seoul National University College of Medicine,
TInstitute of Radiation Medicine, Medical Research Center, Seoul National University, Seoul, Korea

Purpose: Immobilization devices that improve the setup reproducibility of pelvic cancer patients and that provide
comfort to patients during radiotherapy were designed and the feasibility of the devices was evaluated.
Materials and Methods: A customized device was designed to immobilize a knee, thigh, and foot of a patient.
Sixty—one patients with prostate cancer were selected and were divided into two groups-with or without devices.
The setup errors were measured with respect to bony landmarks. The difference between digitally reconstructed
radiographs (DRR) and simulation films, and the differences between DRR and portal films were measured.
Results: The left-right (LR), anterior—posterior (AP) and craniocaudal (CC) errors between the DRR and
simulation films were 1.5£0.9 mm, 3.0%£3.6 mm, and 1.6+0.9 mm, respectively without devices. The errors
were reduced to 1.3%1.9 mm, 1.8%1.5 mm and 1.1+£1.1 mm, respectively with the devices. The errors
between DRR and portal films were 1.6+£1.2 mm, 4.0+4.1 mm, and 4.2+5.5 mm, respectively without the
devices and were reduced to 1.0£1.8 mm, 1.2£0.9 mm, and 1.2+0.8 mm, respectively, with the devices. The
standard deviations among the portal fims were 1.1 mm, 2.1 mm, and 1.0 mm at each axis without the
devices and 0.9 mm, 1.6 mm and 0.8 mm with the devices. The percentage of setup errors larger than 3 mm
and 5 mm were significantly reduced by use of the immobilization devices.

Conclusion: The designed devices improved the setup reproducibility for all three directions and significantly
reduced critical setup errors.

Key Words: Radiation therapy, Prostate cancer, Immoblization devices, Positioning reproducibility
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