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57| 2|5l 32 s-thermoplastic mask?} mouthpieceE 0|26t 151 3W2
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7|2510 AP Z|ChX|(Max), Z[2X|(Min), ZxtA|(Mean), EZHX}standard deviation, SD) 510§ H|w5}R1Ct, EESt StereoPHAN Phantom
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brain tumor) 5 TFE = Wl 288 4= 1A =AU

A v 9o EmH ety (Tomotherapy) ] A0 2
coplanar(F L) WA& o] &3 A7 2dPA A=
(Intensity modulated radiation therapy; IMRT)RF 7|55}
Zofo] 9x|3t= FH AA A7) (critical organ)$} A7)

Table 1, Patients characteristics

o Jste] Beamo] ZApE
RRo|| A M#k 2AP}F 2L non-Coplanar(H] 5 ) Beam
o}, ole} tlEo] 7]Ee] o
AL 2| & A] ARE-3F= s-thermoplastic maskS AF-&-
0] SRsell oA F /A=

AR B8k Aokol

W] At g

24 EHE I

No, Age sex number Location Total dose
of tumor (Gy)

1 68 M 2 Both, frontal lobe 18
Fraxion* 2 73 F 1 Lt. parietal lobe 18

3 74 M 1 Lt, frontal lobe 18

4 52 M 1 Rt, Frontal lobe 21

5 62 F 1 Rt, occipital area 21
mask T . .

6 57 F 1 parietooccipital 18

area

* Praxion® system, * s-thermoplastic mask+mouthpiece

®Vaccum cushion

@Thermoplastic mask nose (@Frontpiece
-

(®Stereotactic frame

(DFraxion frame 3®Custom mouthpiece

Fraxion® system



ZeEf@l 2| 791 : Fraxion™ SystemZ 0|&%t & HeIA A = REM HIt
317] §1E0] SRSE Alds7]dll= ofE o] ATt » E A= R HE Head Immobilization system?l

ojo] B9l 20141 5¥ 7}&H VERSA HD$} Fraxion®  Fraxion®system& o]-&3F A9 WA % A H84S
system© E3 HEA) B ) wE ARA 0 WA dv,
714:7] 9 2] 471 7e] Aol T el B
B o] o]-8H Fraxion® system-S =7 Fraxion frame,
Frontpiece, Mouthpiece, Thermoplastic mask nose, Vacuum

cushion, PCU(Patient Control unit), RCT(Reposition Check

Tool), Stereotactic Frame 52 & o]F o]z Q& Head 1,945 CHAb
Immobilization System© 2 mouthpieceE A}-&38}+=
Thermoplastic mask Nose®} AF8-8}A] &= Thermoplastic H oA VERSA HD7} &3 =] 7] AZH8E 595 E 1097}
s head S5 42 5l T A6 9] s A Tl e AR F WAL SR
thermoplastic mask 2} O] W o] /Pssha e wd  A9)E WA Fog Be B 69S tro = sk,
2= 7| 5 A =H}Aok Y (Figure 1) 32 71E] Al dethe (Supme)x}‘ﬂ AN s-
Table 2, Setup Error of total patients unit (mmé&deg)
) relative
Fraxion mask |l rate* (%)
Max Min Mean SD Max Min Mean SD Mean
Translation Lat(x) + 0.3 0.2 0.23 0.05 2.8 0.4 1.4 1.24 -83
Long(y) ¥ -1.4 -1.1 1.23 0.15 2.6 1.8 2.07 0.46 -40
Ver(z)$§ 0.3 0.1 0.23 0.11 -4.8 1.3 3.03 1.75 -92
Pitch(x) 0.9 0.1 0.4 0.43 -1.4 -1 1.13 0.23 -64
Rotation Roll(y) 0.1 0.1 0.1 0 1.2 -0.3 0.83 0.47  -88
Yaw(z) 0.2 0.1 0.13 0.05 2.0 -0.3 1.03 0.87 -87

*Reference Fraxion® system, 1 Lateral(x), ¥ Vertical(z), §Longitudinal(y),

I s-thermoplastic mask+mouthpiece

Fig 2. s-thermoplastic mask + mouthpiece
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Table 3, absorbed dose of total patients unit (%)
Fraxion + mask F relative
rate*
Max Min Mean Max Min Mean Mean
correction before 3.95 -1.42 -2.85 -27.44 -12.65 -17.72 83
after -2.65 -1.18 -2.04 -2.46 -1.62 -2.08 -1.9

*reference s-thermoplastic mask+mouthpiece, + Fraxion® system,

F s-thermoplastic mask+mouthpiece

ferencepoint Sisocenjer

thermoplastic mask®} mouthpieceE °]-&3te] HElE 11
gstdem 33 deob9l(Supine)AFA el A Fraxion®
systeme AR&She] ME]E AT 94} F IF o R 728t
&t} (Table 1, Figure 2)

2. AFE

8747 BYoA 7HE %91 VERSA HD(Elekta,
England)ol] 24 micro-MLCQ] APEX(Elekta, England)&

Azakslo] A3 %3l Immobilization system-2 Fraxion?

]

R

=k

.
=i
=

system(medical intelligence, Germany)3} S-plate(MedTec,

348

Fig 3.
CBCT images of patients (Left
Image: Fraxion® system,
Right Image: s-thermoplastic
mask)

orange city, IA, USA), s-thermoplastic mask(Chunsung
medical, Korea), mouthpiece(Precise BiteTM, CIVCO
Medical Solutions, Kalona, IA, USA)Z 3HAS AT}
™ 67]e] o2 ¥2F o= Couch® Hexapod evo RT
System; iguide 2.0(medical intelligence, Germany)& A}-&
ahol AR el ARAE ol nA Sheic) Eat, WA}
A 4% A X-ray Volume Tmage(XVI 4.5.1)5 A|3§3}o]
BT AAe AsaAn. Bae] WSS Ade

Raystation Planning System(Raystation v4.5.0.19,

=
T
o

=
-

RaySearch, Sweden), Monaco(Elekta, England),

Ergott(Elekta, England)& AF&3l1o ™ o]= StereoPHAN



Table 4. The reference data of CBCT(XVI 4.5.1)

ZENR 2] 721 : Fraxion® System= 0|26t =] & B}

rx
>

3 +

CBCT*

Mode

Start Angle (deg)

Stop Angle (deg)
Direction

Gantry Speed (deg/min)
kv

Frames

Nominal Scan Dose (mGy)
Total mAs (mAs)

kV Collimator

kV Pannel Position

Head and Neck S20
230

70

CW

180

100

306

1.2

36.6

FO

Small

*Cone Beam Computerized Tomography

Fig 4, StereoPHAN Phantom

Phantom(SUN Nuclear, USA) % Pinpoint 3D cylindrical
chamber(PTW, Germany)oll 2-83}e] A=k 42 Aldds}
oA
AT

o
[=]

3. 7

1) &5 g

3k} 7h7R el e vt wHEo] % thermoplastic maskS o|-&
te] A5 A SF & WA e d Ade 91A] Fels
18kl 3D FRICTE #JstFem o]} 3 Translation:

Vertical(z), Longitudinal(y), Lateral(x) & 3%} Rotation:

349

Pitch(x), Roll(y), Yaw(2)7}A] &2 ¢]:= HexapodE ©]-&3}
o] Ak HAEE &= Q1= Fraxion Headrest %] %] (Sagging)
2 A&k 7192 (Couch) HAE kTt

5% SHCT &2 ZYAm A 453 7+ 9
(Reference Tmage)S &4 F9|o] B4 3% Al7] #h&
W% 3= 3% 2 He 7)%5(Grey value matching)<
0]-83}4] boneo] =] 2 PTV(Planning Target Volume)
QFell FFol Aet=A] Elatdon 3z 245 et 7]
5ol nEgk A¢ % 75 (Manual Mode) 2 2 K A3}9]
t}. (Table 4)

}\o}.
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2) mask &0 = M 2X}KSetup Error)Q| 7|12
2} 9] (Supine) AF A o A s-thermoplastic mask<}f

mouthpiece ©]&3te] WS A3 A9} Fraxion®

system& 0|83 A2 TRIL U T 1§ vF 247
o] maskE o]-gale] BAE AT F ZHICT P A

SPFSRAA R FdS A x 2 HE 715 (Grey value
matching)& o]-&3Fo] uj3 3}tk (Figure 3)
w2 S o] 8at Ak vl I zpolvt Ui HE Gk Al
Lato] whE o)F S 71538 At

A

SR ER LR

QXIZ 0|23} M2k EX

Lo |Jo

7} QA elshs 84

W A x| (Patient Specific Quality Assurance, PSQA)2}¢
T o R A 548 skt
ghapo] WA A 5719 9 Stereo PHAN Phantom,

Pinpoint 3D cylindrical chamberg& AR5} o™ ZRICT

o} AAslE=w ol X7 A HnE 7|EE F 120 Ay
_?_i} 7S Stereo PHAN Phantomel A<
5 A ol|A A3kl 7 A 2 F

EE R
12H 9] AgF=AL

A3t ik,
AAPM 142 report Lol whe} 20604 o] = A= Hloju}
A elskaL o] & Hlaatar #A5kdct. ¥ (Figure 4)

1. 254 MY 2%

e} 9] (Supine) &} A o 4] s-thermoplastic mask2}
8340l vzl 2 253 5 A
] Fraxion® system= AFE-3F 152 WA 5 A 24
crE Bk AU LAz G4 AL
A% 23} A ke 0ol F7hslol Bkl §HI5lo] Ko
Aoz &4 F7F Jon HhX|(Max), HAX(Min), HtA|
(Mean), ¥+ HA}(standard deviation, SD)2 A} FH& H]
wskSict,

H20|4 Hol= nle} o] ©h=3] s-thermoplastic mask
9} mouthpieceFS AF8-3F 749 Translation: X3 Min: 0.4

mouthpieceZ 9|

Fig 5.
RCT(Reposition Check Tool)



mmollA] Max: 2.8 mm (Mean: 1.4 mm SD: 1,24 mm) &%
RFom Y= Min: 1.8 mmeolA] Max: 2.6 mm (Mean: 2.07
mm SD: 0.46 mm), ZZ Min: 1.3 mmo||A Max: -4.8 mm
(Mean: 3,03 mm SD: 1,75 mm), Rotation: X Min: -1 °9]|
A} Max: -1.4 ° (Mean: 1,13 ° SD: 0.23 °), Y= Min: -0.3 °
o] A] Max: 1.2 ° (Mean: 0,83 ° SD: 0.47 °), ZZ Min: -0.3 °
oA Max: 2 ° (Mean: 1,03 ° SD: 0.87 °) W&o g2 229
t}.

Fraxion® system< AF&-3F 7-¢- Translation: X& Min:
0.2 mmol|A Max: 0.3 mm (Mean: 0.23 mm SD: 0,05 mm)
2o Y& Min: -1.1 mmollA4] Max: -1.4 mm (Mean:
1.23 mm SD: 0.15 mm), Z= Min: 0,1 mmolA] Max: 0.3
mm (Mean: 0.23 mm SD: 0,11 mm), Rotation: XZ Min:
0.1 “ol]4] Max: 0.9 ° (Mean: 0.4 ° SD: 0.43 °), Y= 0.1 °
(Mean: 0.1 ° SD: 0 °), Z& Min: 0.1 “°J|4] Max: 0.2 °
(Mean: 0,13 ° SD: 0,05 °) WaFo & 22 i},

Fraxion®™ system©] s-thermoplastic mask2} mouthpiece
£ ARES AR A LAt BiEs Vo= vl &
9GS A XZ 83% A, YE 40% T, 73 920 A

=St}

Pitch 64% 712>, Roll 88% 74, Yaw 87% AR RE =
NA AR o]F gho]l AL A& &+ AU (Table
2, Figure 7)

2, 1EE Ma &1

MPFZA7ES AAPM 142 reportol] whe} A o2 BA
F sFo] 206 ol Vhslo} vl 1A A ghe 200 717t
o) &= maske] Aol Frhar & 5 3t

T OE AY 2 B d AY S A9 geEs
Fraxion® system< Min: -1,42%09]|A] Max: -3,95% (Mean: -

2.85%), s-thermoplastic mask®} mouthpiecei= Min:

114-2

Fig 6, Stereotactic Frame
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AA O

S 2 7

o

Es

ZIEfl2l Q| 791 : Fraxion® SystemS 0|83 x| M |& HhAlA 24

Ok

7t

?12.65%°l| 4] Max: -27.44% (Mean: -17.72%)% Fraxion®
systen A3 3971 2060 2350,

A 22 A F AFS4 A7 o2 Fraxion®
system-2 Min: -1,18%9]|A4] Max: -2,65% (Mean: -2,04%), s-
thermoplastic mask®} mouthpiece™ Min: -1.62%%] 4
Max: -2.46% (Mean: -2,08%) it 2%0] E3HEA
o},

o213l A3}t #HE& EWE s-thermoplastic mask$}
mouthpieceE AF&3F 7497} Fraxion® system® .t} Hi<
NEoR2 A ok BA AL AR 83% 1HAEte]
I, B T 1.9% gt 9SS B

ol A eAE BA kA b= e I #hel E5F
StereoPHANO]| #2HH Pinpoint 3D cylindrical chamber7}
WAL A g e 34 FAloA] HojA R MFfo] i
A EAHEER Aoz MY A gho]l & s-
thermoplastic mask”} Fraxion® system®.t} 2%04] o Bl
o= A& & AT (Table 3, Figure 8)

CRCES

% U ZE

Ask sl @Al WA o] A 3349 AP
BES H1T 5 Qe hxEgolsl Wl mopel 2
Beam®| %9F 9 A7) W7} 7Pk vhol A vhel Felv]

o]E] (micro Multi-leaf collimator, microMLC), X|EA|7F 7F
25 9J3) Photon beam Flattening Filter Free(FFF) Mode,
FHCTE o] g3 AT X E(Image Guided
Radiation Therapy, IGRT) % 2z}l A E 67)]9] o =2
HASE 4= 9= 6D Couch?l Hexapod 5 o8] sl=4o]E
Tgsel Bae AN APHE Hol = 4

Immobilization system%® 7] W3} I},

0] =
AN
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350 1772
-18
300 m Thermoplastic mask +
mouthpiece -16 -  Thermoplastic mask +

250 4 — -14 - mouthpiece
E &
c Fraxion® system o 12 | )
T 200 A é Fraxion® system
E o _10 4
4 150 2
2 1.03 5 8
vl

100 | 2 &

050 4 -4 -2.85

.13 -2.08 -2.04
000 - -2 1
z o0 -
Translation Rotation before after
correction
Fig 7. The comparison of registration offset, thereby Fig 8, comparison of absorbed dose before and after

setup error for Fraxion® system and thermoplastic
mask

48 531 ZHEH Fraxion® system-& Mask A2t
Frontpiece’} Craniocaudal ¥&Fo 2wt %Z}?j_l
Ak slo] Bke] He) o] 7t St
Head Fix System2 Frontpiece”} o= Hl
CE st AE A =4

=3t
] 3]AS WA} 7Rl o] %] A (dentition)ol] Bk
mouthpieceE A|ZH& 4= ) &<l (Suction) 7152 %
mouthpiece®} YA (Plate) Atolo] Z-g(Vacuum)S
Ast 4= o] mouthpiece”} JQtollA] Stz oz 1A
Heg il 3 AAE ot s ATIHA BT = 9L
wlele] 798 A5 4 s s, -
RCT(Reposition Check Tool)e] AF&-& nf== A|2F GA|
0.001mm7}A] 234 7153} Distance indicator®] Fraxionprobe
£ o]-83}o] Ap/Left/Right/Superior B¢Fo| A mask= 2§ &
AR KOV AR SIc}. ol
T5g olgshel Bk A Al BE WO AZgete] 2t
2tel Al 48 vmao] A ARAE W 5 ook,
(Figure 5)

3} Stereotactic FrameS ©]-8-3F Frame Base %213}
HICTE o]-&3}+= Frameless WA1S &7 A&8F 4= 9lo]
U] ek $1x] oA SRSE Al &= St} (Figure 6)

ol g thekgt 7|79 HFH ALEORE &Y s-
A5G B3 AY A7t A
9k Fraxion® system& ©]-&3F ] Atjxo g2 ¢ & 2

by & A

rlr

=38 5

i

=

of

2

—_

thermoplastic maskE-

2/ Ag B 978 B4 2 5 90,
Lena Sharp &=%-ol 2J5}% thermoplastic mask =7] 9|
me ARG Fole vuAAR FT4E ALFLE
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image registration for Fraxion® system and

thermoplastic mask

(claustrophobia) &-&o] Eolxth= B} gJ+=H
(nose)7}A] Y= thermoplastic mask nosei= €& ZA|
7BET @A glojA o Ve Hel s
T UAS Ao g AztdEnt Y

AN B AGE FYPsFHA FX]o}(edentulous) E ¢

<2 mouthpiece 27] 0|4 & 4 gl A} 7] mouthpiece
o] Ago] FEH s E WAAAT ol Y™ ]S maskell
Hla) 7 A A7 E e Aol E Wl A B ALY 3

wol [y

=R

g zeste] @Al BARE F ¢ dlo] ROz A%

2] A5 E3}o] 0% AL 5 YEE sof T Zol),
AR B4 A9 A BT AY A A Sl

A eAwrE 49 7hsAel ek oleld FHe 4l

9 _l)s

E
A 037l 4% BAF
514 9200 Aol e Aako] 24
a}7] izl P A AF 9 a7 BHE AT R
A A eatE #HAsks 4= 3l Fraxion® systeme A $]

A Sgold B AR E AL Aoe AztEd

LR EERE SRR W
SH

A [e]
= A&

gk, wglo] g3t ALg3E HES AMESHA] 2]
W 2o SRS9} Tl B o] BaHuFA}AH 42 (fractionated

stereotactic radiosurgery)ﬂ,‘i aHH o7 o]g 7bs 3

AFE AAE S B2 7120 ARAYRT O] 2 n3)
3 APl Shol BEEANE 2o o] EIE Be

Mg A 5 9lo] 135]0) B HaFo] 2AEE A 9H
LA a3 dut HEG A BT 2 ©90] B Aol
Al Hloh,




10.

it
r

=
alw

. Larson DA: Introduction to radiosurgery. Clin
Neurosurg 1992;38:391-404

. Tae Jin Choi: Methodologic Aspect of LINAC-based
Stereotactic RadioSurgery, PROGRESS in MEDICAL
PHYSICS 2012;23:127-137

. Arthur J. Olch, Robert S Lavey: Reproducibility and
treatment planning advantages of a carbon fiber
relocatable head fixation system. radiotherapy and
oncology 2002;65:165-168

. L Sharp, F Lewin, H Johansson, et al.: Randomized
trial on two types of thermoplastic masks for patient
immobilization during radiation therapy for head-and-
neck cancer, International Journal of Radiation
Oncology - Biology * Physics 2005;61:250-256

. Reinhart Sweeney, Reto Bale, Michael Vogele, et al.:
Repositioning Accuracy: Comparison Of A Noninvasive
Head Holder With Thermoplastic Mask For
Fractionated Radiotherapy And A case Report. Int. J.
Radiation Oncology Biol. Phys., 1998;41:475-483

. A Sahgal, L Ma, E Chang, et al.: Advance in
Technology for intracranal stereotactic radiosurgery.
Thechnology in Cancer Research & Treatment
2009;8(4):271-280

. J Meyer, ] Wilbert, K Baier, et al.: Positioning accuracy
of cone-beam computed tomography in combination
with a HexaPOD robot treatment table. International
Journal of Radiation Oncology*Biology*Physics
2007;67:1220-1228

. Soisson ET, Tome WA, Richards GM, et al.:
Comparison of linac based fractionated sterotactic
radiotherapy and tomotherapt treatment plans for
skull-base tumors, radiother Oncol 2006;78:313-321

. AAPM REPORT No,142 -Quality assurance of medical
accelerators of Task Group 142 report

334, AHA, HAIFE 51 Variable Axis Baseplate2
©]-8-3F Non-coplanar EXE| 2} 9] -84, thshiA}

AR 78F3]A] 2011;23:31-39

353

ZIE]

§2l @ 791 : Fraxion™ SystemE 0|&

ot

o

|

s

o
2

A
a3

LA

rx
>

A
a



[ml
ful
o

HEAMALX| 2 8H5| | 2014 ; 26(2) : 345~354

Abstract

Evaluation on Usefulness of Stereotactic Radio
Surgery using Fraxion® System

Department of Radiation Oncology, Gangnam Severance Hospital, Seoul, Korea
Department of Radiation Oncology, Yonsei Cancer Center, Severance Hospital

Tae Won Kim - Kwang Woo Park - Jin Sook Ha - Mi Jin Jeon
Yoon Jin Cho - Sei Joon Kim - Jong Dae Kim - Dong Bong Shin

Purpose : We evaluated the usefulness of Fraxion® system and s-thermoplastic mask by analyzing setup error when
stereotactic radiousurgery (SRS) was treated for brain metastasis,

Materials and Methods : 6 patients who received definite diagnosis as brain metastasis between May 2014 and October
2014 were selected, 3 patients were immobilized s-thermoplastic mask and mouthpiece (group1), while Fraxion® system was
used for the other 3 patients (group2). Cone Beam Computerized Tomography (CBCT) scan was acquired to register planning
CT scan, The registration offset was compared for each group. We compared and reported the errors using maximum,
minimum, mean, and standard deviation of registration offsets, Furthermore, We used the same method as patient specific
quality assurance to verify absorbed dose of PTV,

Results : The setup error which is registration offset was reduced 83% in x, 40% in y, and 92% in z-direction when Fraxion®
system was used compared to the case of using s-thermoplastic mask and mouthpiece, In addition, using Fraxion® system
showed improved results in rotational components, pitch (rotation along x-axis), roll (y), and yaw (z) which were reduced 64, 88,
and 87% respectively compared to the case of using s-thermoplastic mask and mouthpiece, In dosimetry results, when s-
thermoplastic mask and mouthpiece used, absorbed dose was reduce 83% compared to before and after registration.
However, using Fraxion® system showed only 1,9%. All percentage were calculated with respect to average value,

Conclusion : Using Fraxion® system including mouthpiece, Fraxion frame, frontpiece, and thermoplastic mask, showed better
repeatability and precision compared to using s-thermoplastic mask and mouthpiece, which is consequently considered as
more improved immobilization system,

Keyword : Fraxion® system, stereotactic radiousurgery(SRS), Setup Error
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