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' SRS (Stereotactic Radio Surgery)
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3 Gamma knife
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Percent by weight

Element Soft Skeleton Lung
tissue

H 10.454 7337 10.134
C 22 663 25475 10.238
N 2.490 3.057 2. 866
O 63.525 47893 75.752
F 0 0.025 Q

MNa 0112 0326 0.184
Mg 0.013 0112 0.007
51 0.030 0.002 0.006
P 0.134 5095 0.080
S 0204 0.173 0225
Cl 0.133 0.143 0.266
K 0.208 0.153 0.194
Ca 0.024 10.190 0.009
Fe 0.005 0.008 0.037
Zn 0.003 0.005 0.001
Fb 0.001 0002 0.001
Sr 0 0.003 0

Zr 0.001 0 Q

Pb 0 0.001 0
Deensity 1.04 g/em? 1.4 gicm’ 0.296 g/cm’
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Percent by weight

Flement Soft tissue Skeleton Lung=

H 10.625 7.005 10.134
C 14064 Q.708 10.238
N 1.681 2712 2.866
O 71.830 66.811 75.752
Na 0.075 0.314 0.184
Mg 0.019 0.143 0.007
P 0.179 3712 0.080
S 0.240 0.314 0.225
C1 0.079 0.140 0.266
K 0.301 0.148 0.194
Ca 0.003 7.005 0.009
Fe 0,004 0.008 0.037

Density  1.04g/cm® 122 glom® 0296 g/em®
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1. Gantry
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SSD type SAD type

60CoO beam, 60CoO beam,

SSD = 80 cm, SAD = 100 cm,

field size = 10x10 cm depth of isocenter = 10 cm,

field size of isometer = 10x10 cm
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Depth Dose %
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REGION

Dy = surface dose al the beam entrance side

D, = surface dose at the beam exit side
Dy ny = dose maximum often normalized to 100
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Superficial Orthovoltage Co-60 4MV 6MV 10MV 18MV 25MV

Depth of 0 0 0.5 1 1.5 2.5 3.5 5
D_  (cm)

Field size=5x5 cm
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6 MeV  9MeV 12 MeV I5MeV 18 MeV 22 MeV

Depth of D (cm) 1.2 1.56 2.1 1.7 1.5 1.49
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_. Brain

Esophagus
. Lung

Spleen

Pancreas

11~ Kidney
Small intestine

Lower large intestine

__ Height = 174 cm
Weight = 71.1 kg

[FAJICRP _ulul 5y bl gy (FY-1) S5

" International Commission on Radiological Protection
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Tissue Tissue weighting factor (W)
Gonads 0.20

Lung, bone marrow, stomach, colon 0.12

Thyroid, liver, esophagus, breast, bladder 0.05

Bone surface 0.01

Skin 0.01

Other organs 0.05

Total 1
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Bone marrow

Liver

Stomach

Small intestine

Brain

Spinal cord
Heart
Lung

Kidney

Fetus

Damage

Aplasia, pancytopenia

Acute and chronic
hepatitis

Perforation, bleeding
Perforation. bleeding

Infarction, necrosis

Infarction, necrosis
Pericarditis. pancarditis

Acute and chronic
pneumonia

Acute and chronic
nephrosclerosis

Death

TD 5/5

TD3S0/5

(Gy)

Irradiated field size
or volume

Total
Segmental

Total
Total thin band

100 cm?

400 cm?
100 cm?

Total
25%

10cm
100 cm?

60%
Total

Total
Whole thin band

Total

el 008 Lany 5 Lagio b o 2 lse sl il ol aplasl g5 ,lads (oM (A1) Jsor

TDS/S Irradiated ficld

size or volume

Oral cavity
and pharynx

Skin

Esophagus
Rectum
Salivary glands
Bladder
Urcters

Testis

Ovaries
Growing cartilage
Child bone
Adult cartilage
Adult bone

Eye
Retina
Comeca
Lens

Endocrine glands
Thyroid
Surrenal
Hypophysis

Peripheral nerves

Ear
Middle car
Vestibule

Mucositis, ulceration

Acute and chronic
dermatitis
Esophagitis, ulceration
Ulcer, stricture
Xerostomia
Contracture
Stricture
Sterilization
Sterilization
Growth retardation
Dwarfism
Necrosis

Fracture, sclerosis

Retinopathy
Keratopathy
Cataract

Hypothyroidism
Hypoadrenalism
Hy‘popilhimrism
Neuritis

Secrous otitis

Meniere's syndrome

(Gy)

55

888

60
7

2—3
10
10

75

70

75

70

100

N

6-12
30
30
100
100

70

12

150
20-30

100

70
70

S50 cm’®

100 cm?®

75 cm?
100 cm”
50 cm?
Total
S5-10cm
Total
Total
Total

10 cm?®
Total

10 cm®

Total
Total
Total/partial

Total

Total

Total
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[80] 51 sasszMal .55 o Slacl pimsms 1,305 10 s slael IS sl Sloyogiy 30 TD B/5 (4-1) g

Single fraction (Gy) Fractionated dose (Gy)

Brain 15-25 60-70
Lens 2-10 6—12
Skin 1520 3040
Spinal cord 810 50-60
VCTS 1020 50-60
Mucosa 5-20 6577
Peripheral nerve 1520 6577
Muscle =30 =70
Bone—cartilage =30 =70
Thyroid — 3040

(05T L 55l 635 po omare olftws Sloydgip 40 Jloy <l oo 30 (Vo)) Jgo

Organ TD5/5 TD50/5 End-point

1/3 2/3 3/3 1/3 2/3 3/3
Brain 60 50 45 75 65 60 Necrosis, infarction
Brainstem 60 53 50 - - 65 Necrosis, infarction

Spinalcord 5cm  10cm  20cm Scm 10ecm  20em  Myelitis
50 50 47 70 70 — Necrosis
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O-F S8 azgi b Jsl s slajlucsslse 4 g pe blas laises (V-V) Jgor

oylais X Y z oyleis X y z
1 0] 1.567 14.92 23 0 1.567 -14.92
2 2.123 1.567 14.77 24 -2.123 1.567 -14.77
3 4.203 1.567 14.31 25 -4.203 1.567 -14.31
4 6.197 1.567 13.57 26 -6.197 1.567 -13.57
5 8.065 1.567 12.55 27 -8.065 1.567 -12.55
6 9.769 1.567 11.27 28 -9.769 1.567 -11.27
7 11.27 1.567 9.769 29 -11.27 1.567 -9.769
8 12.55 1.567 8.065 30 -12.55 1.567 -8.065
9 13.57 1.567 6.197 31 -13.57 1.567 -6.197
10 14.31 1.567 4.203 32 -14.31 1.567 -4.203
11 14.77 1.567 2.123 33 -14.77 1.567 -2.123
12 14.92 1.567 0 34 -14.92 1.567 0o
13 14.77 1.567 -2.123 35 -14.77 1.567 2.123
14 14.31 1.567 -4.203 36 -14.31 1.567 4.203
15 13.57 1.567 -6.197 37 -13.57 1.567 6.197
16 12.55 1.567 -8.065 38 -12.55 1.567 8.065
17 11.27 1.567 -9.769 39 -11.27 1.567 9.769
18 9.769 1.567 -11.27 40 -9.769 1.567 11.27
19 8.065 1.567 -12.55 41 -8.065 1.567 12.55
20 6.197 1.567 -13.57 42 -6.197 1.567 13.57
21 4.203 1.567 -14.31 43 -4.203 1.567 14.31
22 2.123 1.567 -14.77 44 -2.123 1.567 14.77

VoV S8z gi b pgs sy lajlussloe 4 bgr o bl Slaises (F-V) Jyoo

oyl X Yy z oyl X Yy z
1 0 3.501 14.58 23 (0] 3.501 -14.58
2 2.076 3.501 14.44 24 -2.076 3.501 -14.44
3 4.109 3.501 13.99 25 -4.109 3.501 -13.99
4 6.059 3.501 13.27 26 -6.059 3.501 -13.27
5 7.885 3.501 12.27 27 -7.885 3.501 -12.27
6 9.551 3.501 11.02 28 -9.551 3.501 -11.02
7 11.02 3.501 9.551 29 -11.02 3.501 -9.551
8 12.27 3.501 7.885 30 -12.27 3.501 -7.885
9 13.27 3.501 6.059 31 -13.27 3.501 -6.059
10 13.99 3.501 4.109 32 -13.99 3.501 -4.109
11 14.44 3.501 2.076 33 -14.44 3.501 -2.076
12 14.58 3.501 (0] 34 -14.58 3.501 (0]
13 14.44 3.501 -2.076 35 -14.44 3.501 2.076
14 13.99 3.501 -4.109 36 -13.99 3.501 4.109
15 13.27 3.501 -6.059 37 -13.27 3.501 6.059
16 12.27 3.501 -7.885 38 -12.27 3.501 7.885
17 11.02 3.501 -9.551 39 -11.02 3.501 9.551
18 9.551 3.501 -11.02 40 -9.551 3.501 11.02
19 7.885 3.501 -12.27 41 -7.885 3.501 12.27
20 6.059 3.501 -13.27 42 -6.059 3.501 13.27
21 4.109 3.501 -13.99 43 -4.109 3.501 13.99
22 2.076 3.501 -14.44 44 -2.076 3.501 14.44

Yo



VoV IS5 @ azgi b pgms <o) sl (s5l5e 4 bgy o LS wlaties (F-Y) Jgor

olais X y z oylads X y z

1 1688 5374 13.9 21  -2.801 5374 -13.72
2 38% 5374 1345 22 -4965 5374  -13.09
3 6003 5374 1265 23 -7.001 5374 -12.13
4 7.954 5.374 11.52 24 -8.856 5.374  -10.85
5 9.7 >.374 10.1 25  -10.48 5.374  -9.285
6] 11.19] 5374 8412 26 -11.83 5374  -7.484
/ 124] 5374] 6.507 27 -12.88 5374  -5.489
8 1328 5374 4434 28 -13.6 5374  -3.351
9  13.82 5374 2246

29 -13.96 5.374 -1.127

12 13.:zl ?232 -2.24(6) 30 -13.96 5374 1.1%
12 13.28 5374  -4.434 31 136 5374 3351
13 154 5372 6507 32 -12.88 5374  5.489
14 1119 5374  -8.412 33] -1183) 5374 7484
15 97 5374 101 34 -1048 5374  9.285
16  7.954 5374  -11.52 35 -886 5374 1085
17 6.003 5.374  -12.65 36 -7.001 5.374 12.13
18 3.896 5.374 -13.45 37 -4.965 5.374 13.09
19 1688  5.374 -13.9 38 -2801 5374  13.72
20 -0563 5374 -13.9 39 -0563 5374  13.9

Y-V S8 @ axei bpylea <o) slojlusilae 4y b e bl laize (0-Y) Jooo

oylois X \ z oylais X \ z

1 1589 7156  13.09 21 -2637 7156  -12.92
2 3667 7156  12.66 22 -4647 7156  -12.33
3 5.651 7.156 11.91 23 -6.591 7.156  -11.42
4 7.488 7.156 10.85 24  -8.337 7.156  -10.21
5 9131 7.156] 9.507 25 -9.867  7.156 -8.741
6| 1054 7156 7.919 26 -11.14  7.156  -7.045
7] 1167 7.156] 6.126 27 -12.13  7.156  -5.167
8 125 7.156] 4.174 28 -12.8  7.156  -3.155
9 1301 7156 2115

29 -13.14 7.156 -1.061

10 1318  7.156 0

11 13.01  7.156  -2.115 30| -13.14] 7.156] 1.061
12 125  7.156  -4.174 31 -128 7156 3.155
13 1167 715  -6.126 32| -1213] 7.156] 5.167
14 1054  7.156  -7.919 33] -11.14] 7.156] 7.045
15 9.131  7.156  -9.507 34 987 715 8741
16 7.488 7.156  -10.85 35 -8337 7.156 10.21
17 5.651 7.156 -11.91 36 -6.591 7.156 11.42
18 3.667 7.156  -12.66 37  -4.674 7.156 12.33
19 1589  7.156  -13.09 38  -2637 7156  11.92
20  -053 7156  -13.17 39  -053 7156  13.17

A



Y-y Ko aasgl pE SURE IR soslusilae 4 by e blas Slaise (-Y) Jgoo

oylocde X y z o)lade X y z

1 1629 8815  12.03 19  -27 8815 -11.83
2 375 8815 1154 20 -4769 8815 -11.16
3 575 8815  10.69 21 -6685 8815 -10.13
4 755% 8815 9488 22 -838 8815 -8771
5 9139 8815  7.98 53 0817 8815 -7133
6 1042 83815 6224 24 -1093 8815  -5265
7 1136 8815  4.264 = 117 sels| .32
8 1194 8815  2.167 6 203 g8z -Loss
9 1214 8815 0

27 -12.09 8.815 1.088
28 -11.7 8.815 3.228
29 -10.93 8.815 5.265

10 11.94 8.815  -2.167
11 11.36 8.815  -4.264
12 10.42 8.815  -6.224

13 9139 8815 -7.984 30, 9817 885 7135
14 7556 8815  -9.488 31 -838 8815 8771
15 5.75 8815  -10.69 32 -6.685 8.815 10.31
16 3.75 8815  -11.54 33 -4769 8815 1116
17 1629 8815 -12.03 3 27 8815 1183
18 -0544 8815 -12.12 35 0544 8815 1212

L jlwsilen 2kl LG S Olaiso awlxo F-1-Y

SN Al satwy g3, 2 |y bilusilse 5l S Slol K puiilys bads Lo IS gl b
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Pl Sl bl Sl plas e )57 cpl (gl st LILS glodsidr (655,18 oo 40 Loy e oLl bl
8 el cpl b, o lss #-Y I ailen ajlusilse olesl bl Slaie a5 o085 o
wlanl bla 1 6las e Slaue 0o b oplply 1allls S cwls gojlasl a4 glalold b Jg 0,.5 o
Joee Sols blas opl a5 wlce caws @ lesslse o oll bla labe @bl Seds cwlbs o
CIlS deiiz Vo) @ by Slaise gauilre 4 0B L cplpls aiil oo IS sbhasis S
5 Ao Syge 4 @, 2 glp 1) bacis S Olabu e LLE oSws jo ouds colaul
ol o g ool Cawsdy Slate .439,5 (5,919,5 9 dwlee 11T 9 V=Y A-Y A-Y VST glas

VI

A%



YL sled 31 bl olliws )0 sluisslae G 4y bgye ool g olail blas (P-Y) JSCo

0ylad X y z oyloin X y z
1 0 2272 21.634 23 0 2272  -21.634
2 3.078 2272 21.416 24 -3.078 2272 -21.416
3 6.094 2272 20.749 25 -6.094 2272  -20.749
4 8.985 2.272  19.676 26 -8.985 2.272  -19.676
5 11.6%4 2272 18.197 27 -11.694 2,272 -18.197
6  14.165 2.272  16.341 28 -14.165 2272  -16.341
7 16.341 2272 14.165 29 -16.341 2272 -14.165
8 18.197 2272 11.694 30 -18.197 2272 -11.694
9 19.676 2.272 8.985 31 -19.676 2.272 -8.985
10  20.749 2.272 6.094 32 -20.749 2.272 -6.094
11 21.416 2.272 3.078 33 -21.416 2.272 -3.078
12 21.634 2.272 0 34 -21.634 2.272 0
13 21.416 2.272 -3.078 35 -21.416 2.272 3.078
14 20.749 2.272 -6.094 36 -20.749 2.272 6.094
15 19.676 2.272 -8.985 37 -19.676 2.272 8.985
16 18.197 2.272  -11.694 38 -18.197 2272 11.6%94
17  16.341 2272  -14.165 39 -16.341 2272 14.165
18  14.165 2.272  -16.341 40 -14.165 2272 16.341
19 11.694 2272 -18.197 41 -11.694 2272 18.197
20 8.985 2.272 -19.676 42 -8.985 2272  19.676
21 6.094 2272 -20.749 43 -6.094 2272 20.749
22 3.078 2272  -21.416 44 -3.078 2272 21.416
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0

3.01
5.958
8.785
11.433
13.848
15.979
17.791
19.241
20.285
20.938
21.141
20.938
20.285
19.241
17.791
15.979
13.848
11.433
8.785
5.958
3.01

X
2.447
5.649
8.704
11.533
14.065
16.225
17.98
19.256
20.039
20.3
20.039
19.256
17.98
16.225
14.065
11.533
8.704
5.649
2.447
-0.817

Y

5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076

7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793

z
21.141
20.938
20.285
19.241
17.791
15.979
13.848
11.433

8.785

5.958

3.01

0

-3.01
-5.958
-8.785
-11.433
-13.848
-15.979
-17.791
-19.241
-20.285
-20.938
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23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44

0
-3.01
-5.958
-8.785
11.433
13.848
15.979
17.791
19.241
20.285
20.938
21.141
20.938
20.285
19.241
17.791
15.979
13.848
11.433
-8.785
-5.958
-3.01

Y

5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076
5.076

z
-21.141
-20.938
-20.285
-19.241
-17.791
-15.979
-13.849
-11.433

-8.785
-5.958
-3.01
0

3.01
5.958
8.785
11.433
13.848
15.979
17.791
19.241
20.285
20.938

Ry Lgl:bct.o..i;.?:- 6)-.‘:)‘)5 Joee Slaize (A-Y) Jgo

z
20.155
19.502
18.342
16.704
14.645
12.197

9.435

6.429

3.256

-3.256

-6.429

-9.435
-12.197
-14.645
-16.704
-18.342
-19.502
-20.155
-20.285

vAa

oylais

21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

X
-4.061
-7.199
10.151
12.841
15.196
17.153
18.676
-19.72
20.242
20.242
-19.72
18.676
17.153
15.196
12.841
10.151
-7.199
-4.061
-0.817

y
7.793

7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793
7.793

z
-19.894
-18.98
-17.588
-15.732
-13.463
-10.851
-7.959
-4.858
-1.634
1.634
4.858
7.959
10.851
13.463
15.732
17.588
18.98
19.894
20.285
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X
2.304
5.317
8.193
10.857
13.239
15.283
16.921
18.125
18.864
19.111
18.864
18.125
16.921
15.283
13.239
10.857
8.193
5.317
2.304
-0.769

Y
10.376

10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376

z
18.98
18.357
17.269
15.732
13.785
11.482
8.882
6.052
3.066
0
-3.066
-6.052
-8.882
-11.482
-13.785
-15.732
-17.269
-18.357
-18.98
-19.096

oylads
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

X
-3.823
-6.738
-9.556

-12.088
-14.307
-16.153
-17.588
-18.56
-19.053
-19.053
-18.56
-17.588
-16.153
-14.307
-12.088
-9.556
-6.777
-3.823
-0.769

y
10.376

10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376
10.376

z
-18.734
-17.878
-16.559
-14.804
-12.674
-10.215

-7.492
-4.574
-1.538

1.538

4.574

7.492

10.215
12.674
14.804
16.559
17.878
17.284
19.096

T @0, slasle (glae 4 bogy e LS sladeiz (65,5 1,8 Jore Olaizee (VV-V) Jgu

DJLA.&

O 00 NOO UL A WN -
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0o NoOY UL A WN PR O

X
2.362
5.437
8.337
10.956
13.251
15.109
16.472
17.313
17.603
17.313
16.472
15.109
13.251
10.956
8.337
5.437
2.362
-0.789

Y
12.782

12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782

z
17.443
16.733

15.5
13.757
11.576

9.024

6.182

3.142

-3.142
-6.182
-9.024
-11.576
-13.757
-15.5
-16.733
-17.443
-17.574

0)ylod
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

X
-3.915
-6.915
-9.693

-12.159
-14.234
-15.848
-16.965
-17.53
-17.53
-16.965
-15.848
-14.234
-12.159
-9.693
-6.915
-3.915
-0.789

Y
12.782

12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782
12.782

z
-17.153
-16.182
-14.688
-12.717
-10.342

-7.634
-4.68
-1.577
1.577
4.68
7.634
10.342
12.717
14.949
16.182
17.153
17.574
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L 5L 1T latzea (VY-Y) Jgas

aladi o,lels X z
1 0 0
2 0 1
3 0.7 0.7
4 1 0
5 0.7 -0.7
6 0 -1
7 -0.7 -0.7
8 -1 0
9 -0.7 0.7
10 0 2
11 1.4 1.4
12 2 0
13 1.4 -1.4
14 0 -2
15 -1.4 -1.4
16 -2 0
17 -1.4 1.4
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Abstract

Nowadays canser is one of the most dangerous disease of humans and takes into account
as an important factor of morbidity that it's treatment limited into three methods: surgery,
radiotherapy and chemotherapy.

Radiation therapy was carried out in distant years by devices that are still in the
radiotherapy hospital departments throughout Iran. In recent years, other treatments for cancer
have been developed using radiotherapy techniques that have more advanced technology.

Gamma knife's device in the process of treatment of tumors of the skull area treats canser
faster than radiation therapy. In the manufacture of Cyberknife, many of the problems associated
with the old radiation therapy devices and even the Gamma knife device have been resolved and
help the Cancer patients in terms of treatment, time and cost.

This dissertation attempts to make a comparison between the dosage received in distant
and near radiation sources in the radiation therapy device and the Gamma knife system, as well
as points related to healthy and cancerous tissues in the skull area, to determine which
Radiotherapy devices are less harmful to healthy tissues while it radiates to cancerous tissues.
After performing the simulation, the radiation therapy device did not have a one-dimensional
strain on the cancerous area. Gamma knife device with 201 sources of radiation in different
directions is more appropriate than radiotherapy, but in the Gamma knife system, it only works
in the skull area and does not eliminate the need for cancer tissues in other areas of body. The
Cyberknife system covers many areas of the body in the face of cancer, and because of its
robotic arm and radiation in different directions, the amount of received doses in the cancerous
tissue reaches its maximum, and in other areas it reaches its minimum. The Cyberknife system,
with a pre-designed program of radiation from different angles on cancerous tissue, causes a
healthy tissue that receives less doses of radiation between the radiation source and the cancerous
area, thereby destroying the cancerous tumor and the tissue around the tumor remains healthy.

Key words: Radiotherapy, Gamma knife, Cyberknife



%7 t‘}-’,’%,

Shahrood University of Technology

Faculty of Physics and Nuclear Engineering

MSc Thesis in Nuclear physics

Comparing local dose of healthy and cancerous tissue in the
phantom of brain in two ways Cyber knife and conventional
radiotherapy by Monte Carlo method

By: Mohammad jokar

Supervisor:
Dr H. tavakoli anbaran

September 2017



