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Determination of Target Coordinates and Dose Parameters of
Trans-multi-arc Beam in Photon Knife System
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Abstract : To obtain small rim thickness of normal brain tissue against high dose which is
concentrated at target region, the authors developed the Photon Knife system (PKS) for
stereotactic radiosurgery with linear accelerator which 1s 6 MV x—rays. The beam of PKS was
specially designed for the trans—multi—arc beam (TMAB) combined the multi—arc beam to
avoid the limitation of arc beam selection as dependence of critical organ around target lesion.
The TMAB was processed with right decubitus of patient position to obtain a proper beam
selection. When the beam selection was a TMAB, the coordinate should be represented the
geometric rotation system with dose matrix to obtaining the stereotactic dose distribution. The
authors converted the parameter of the couch and gantry angle in trans—multi—arc system to
that of multi—arc beam and used an intermediary parameter of cubic coordinate system.
Furthermore, this study showed the determination of depth from skin to any dose matrix using
schematic cubic contours.

Key Words : Non—coplanar multi—arc beam, Photon knife, Stereotactic radiosurgery,
Trans —multi—arc beam

N = o AR U] 14 ARl A g
49 &4 glol WA AF EE AW E f34
WAS &S 9ol 15-30 Gy 4R9 v 71 RO THL-3]



—Alo] itk FdA Y 54 AF 873 el A
=2 el E YERIL Straggling® 33 o] g5k ¥
ol o MBS Toaly|m B Anv) 9 a7
oA R o)Folx a3 Qu), WA EE o 7 7l
A X-4L Fag o2 Yo ou x|t ‘ﬂ&%"é
Q] A7), Ee o] TS W X018 P olrHA

Lekshell[1] o] 7&3E Zmpfo]s - HV‘}“EH
A4l FIE 6004 WEE = BaeldA] 1.25
MeV el & o] &35k, 79 el A el 99
AERE Wduo] Q&= 20470 AE-60 AL
A VR 2 @Akl TS sk Qe RSl
A A A & Fdel HEEH T AA T

AYG7447)9) X-41& 6 —10 MVY X-Al&
Z o] g3}, Hartmann 5 [4]2 8745715 ©]
5}0% H*"Vﬂ—?%‘ﬁ% I R ¢ R o e o
607PHAl el Bla] ey =] 7} o}

=3 A7 % 3mmel £33
SAakaho] A2 Zlo® A A 9o
2 UL BT AR

d g
ATH4 - 6],
&

o T mx 32 oo N

%
ZHZFAF (non—coplanan) & 94 F
ARG AJBISER AAF Vel e =

Al =& S Wil JAE5AE 5 3 E}. T
A FFHAETE A FEAHEE o] FH

il HOWU? FRpel] YT UFEF

ﬁ il

A7

m\ﬂ
Mo
2
ot
X
b
~

il
o
ofo
kD
ofx
Y
Y
-1
o
ol
k)

ol
Ol
ol
2
BN
~
3
4>
o
rl”
jinss
__>P_l4‘
k)
ol
o

ofo of
1,
o

EN
-~
R
2 1m
10 o

| ) kel whak fE AT

a4 25

3 AYRE D B 2719 mel HEIA 24
@ 4 QY WA ENE AL BRS 5 Ak6]

FUEA T2A AL AAAY A7 22
o gzel B4 8L FAste] ol FolH oE,
o] ol A= BAke] SRel A AFE AN A 4
w9 ARHY FERyE B4 AR ol dY 4
#AT 45 AN WL WA sk

Lo sl

Arg gt 2 gt A At E WA ST
Tl EEUo|Z= MY 747 (ML-15MDX) 8] 6
MV FAAE ol gat™, HAAZ| 5 TNl &
2t oy A gdaEsE g HV\PH & ZR ¥
& Fatol dAF HasA

542 Flg 1JJr7L°] AFE 3
ek v, NP7 719 AR AL AekE daxA)
S AlEet E}f A i ARl (multi—arc beam) 3
s EE FaL AE AAAFE dotRE JRIFe R
A gHof] ﬁt}? A 32 A (trans —multi—arc
beam) S AFR5l] File] o AA HFEZ S A
ATHB—10].

ﬂ-‘j oﬂ EFJ—Q.‘: H]—/\]»/{]_ /1\_‘]_ 1:.% kgﬁ\_% %/\] Vorﬁ

98 AR (matrix) o B4 5= 3% AR &J 5
AFg oaF4 o2 T4 sk YUl tHEig. 2).

Sl ZAbel 8l x,y,z AAE AAE s A
(x,yz) 8 A 2(1) 3% 2t}

D(x,yz)= 42 Z Dl dm) - PDD (r, d) - K(h)

m=] m=

BY S DG dm) PDD (r.d) - Kh) (1)

m=1 m=1

(D) ofA] -1 A oA EFdE FHOR
ZAVE] = ThE -9 3 2 AR o ]i’l Ao, =4
Fo gor 2AHE m}g ALl ot
AlZko|t), = ZF o A A A= 1/mn¥ B=

1/mn & #2390 Dirdm) S 2 QA4 9 #



26

YlAERo] 3, PDDE AR GRS Eh o,
K& 24 Aol haks doln 9 433
(BALR) ) D ol BAFARE ek 282
oz Age.

AFATEE AN GG 201

kel
A7 B R, 7—.“?‘31]/‘1 =
AR R vk olgAlT & AF2 F4 5= ZololA
O]‘ﬂ’ﬂﬂ%?‘%@(ﬁg 1).

Az AR A - 313 F4 (isocenter) @A
A9 (source) 7+ A A ¥l (source—isocenter
distance; o = 1,000 mm) 7} Fig. 13} 3¥o] F=0]X]

F3} F49E gols

Fig. 1. Schematic diagram of the coordinates in PKRS.
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Linac Beam

Fig. 2. Verification of beam pathway of multi-arc mode in axial (a) and coronal plane (b) with using the 2 cm diameter
of collimator. Inserted schematic diagram epresents the plane of film setup and show the beam pathway.
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Fig. 3. The model for determination of plane cross
-point on a given cubics.
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Fig. 4. A: Schematic angular mode represents the couch and gantry angle for multi-arc beam. B: Schematic angular
mode represents the couch and gantry angle for trans-multi-arc beam.

Fig. 5. Typical isodose distributions of multi-arc beams (A) and combined trans-multi-arc beams (B).
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Table 1. Couch and gantry angles of multi-arc were conversed from trans-multi-arc beam angles

Trans-multi-arc Multi-arc Source position
CTA GTA CMA GMA Sx Sy Sz

15 0.0 0 90.0 1000.0 0 0
45.0 14.5 46.9 707.1 183.0 683.0

90.0 90.0 15.0 0 258.8 965.9

135.0 165.5 46.9 -707.1 183.0 683.0

180.0 180.0 90.0 -1000.0 0 0

270.0 270.0 160.0 0 -258.8 -965.9

60 0.0 0.0 90.0 1000.0 0.0 0.0
45.0 40.9 69.3 707.1 612.4 353.6

90.0 90.0 60.0 0.0 866.1 500.0

135.0 139.1 46.9 -707.1 612.4 353.6

180.0 180.0 90.0 -1000.0 0.0 0.0

270.0 270.0 120.0 0.0 -866.1 -500.0

135 0.0 0.0 90.0 1000.0 0.0 0.0
45.0 35.2 120.0 707.1 500.0 -500.0

90.0 90.0 135.0 0.0 707.1 -707.1

135.0 144.8 120.0 -707.1 500.0 -500.0

180.0 180.0 90.0 -1000.0 0.0 0.0

270.0 270.0 45.0 0.0 -707.1 -707.1

The sx, sy and sz are elements of source position in mm. CTA represents couch angle and GTA for gantry
angle in trans-multi-arc. CMA represents couch angle and GMA for gantry angle in multi-arc.
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Table 2. Cross-points on a given cubic surface as a function of couch and gantry angles

Angle Source position Cross-point on a given cubic surface
Couch GMA Sx Sy Sz Cx Cy Cz
0 0.0 0.0 1000.0 0.0 0.0 25.0
45 707.1 0.0 707.1 25.0 0.0 25.0
0 60 866.0 0.0 500.0 25.0 0.0 14.4
90 1000.0 0.0 0.0 25.0 0.0 0.0
135 707.1 0.0 -707.1 25.0 0.0 -25.0
45 500.0 500.0 707.1 17.7 17.7 25.0
45 90 707.1 707.1 0.0 25.0 25.0 0.0
135 500.0 500.0 -707.1 17.7 17.7 -25.0
45 0.0 707.1 707.1 0.0 25.0 25.0
90 90 0.0 1000.0 0.0 0.0 25.0 0.0
135 0.0 707.1 -707.1 0.0 25.0 -25.0
45 -500.0 500.0 707.1 -17.7 17.7 25.0
135 90 -707.1 707.1 0.0 -25.0 25.0 0.0
135 -500.0 500.0 -707.1 -17.7 17.7 -25.0
180 90 -1000.0 0.0 0.0 -25.0 0.0 0.0
180 0.0 0.0 -1000.0 0.0 0.0 -25.0

The source position is also determined by equations in text as a couch and gantry angles.
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