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�>5' image guided radiation therapy - quality assurance (IGRT-QA)�����������Ǌ�>&�!Ȼ
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 1ȹȻIGRT.cone beam computed tomography (CBCT)9êŒÎ�;-ňĝƓ¡AƐ
&�ǊƆÌAǛ�!
7�������������������������çµ�=�����<ȺImaging dose-řȓ»�ŷ7;
>= 2)Ȼ���Ⱥ�-ǟ/�ǈș.�ǊƆÌǠǊ-Ʊȴ(Œź+:<ƕ*=!7Ⱥ§�ƙ*Ľš�.Ƨ�>&�;�ȺÝ

¨é-ŎƋƹAÃǍ+Ǵ�AǛ��(�łð�>&
= 2)Ȼ�-!7myJ-\eI±]Ţ�Aèŗ��+�Ɛ�&
=

oyRy8ă*�;�ôß�=�(��Į�>=ȻȑÂ+. Imaging dose�ĤǦ�{+ȷ�ȺmyJ�+ŕŲǦŷ�Ǜ
@>!�� 3ȹ8)<oyRy+:=ƦǶ.ĤȮ')=ȻňĝŖ-etylty]9ȺCBCT-ňĝÙŌ*)-ŹƗŝț
�-]yX±-ǟ/�ǈș(�&8ǍĲ�=ĤǦ�)=.� ŊĀǈǟ/�A�� IGRT+Ȝ�&.as low as reasonably 
achievableȸALARAȹ-ħĮ.ĥ>&.*;*
. 



ştjy]'.Ëœǰ- kV Imaging +:= IGRT -ňĝŢ�-řȓ»(ǈș+ý�=ÔȃƼƎAƝƙ(�Ⱥ
Imaging doseAĹņ�=!7-ĶźAǯȍ�=((8+ȺŌœǰ'ƀ÷AǛ#!ǅťAÃǍ�(�&ń×�=. 
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ǲŐƐXǈȯã-æÌ-ÐÄǈșƀ÷+�
&Ⱥ100 kVp�|-æÌ.ƴ�'-ƀ÷'Ⱥ�>�{-æÌ.Ŷ�'-
ƀ÷AƐ
=�Ⱥƀ÷ŒźǻAzȀ�&��Ɲƙ'Ⱥ2Dňĝ.¥ȩÞȯã+�
&ƴ�'-ƀ÷AǛ#!. 5!Ⱥ3D
ňĝ+$
&.Ü�eCw]l�'-ƀ÷AǛ#!.�  
ǲŐȯã-Xǈƀ÷.ƆĀǈșAäƁ(�!ș'Ǵ��>=ȻŊĀǈŹƗȯãȸȷH`±Myȹ'-ÐÄǈșƀ÷-
:�+ȟűǐAǍĲ�!ǭƻƎǻ'.*�ȺȃșH`±MyÐÄ�ŌAƐ
!ǭƻƎǻ(*=Ȼ5!Ⱥştjy]'.

2Dňĝ.ƚǒǞȬǈșȺ3Dňĝ'.ǓØǈș-ƻ¬AƝů(�!Ȼ*�ȺǴ�Ƃ'-ǈș.ǄǉÐÄǈș'.*�Ŷ
ÐÄǈș(�!Ȼäşƙ*ƀ÷Œź.ŔşŊĀǈĸǜõ�ƘǛ-	¼Ɨǟ/�ƀ÷[LT]
4ȹAÃǍ+�!Ȼ 
� �  
�u��ok�

äƁ(*=�Ǌȸȏċ.DFWVwXȹ'-ƆĀǈșAƀ÷�ȺğŒŋ��Ō+:=ǢŲȺŶÐÄǈș1-èŅȺƚ

ǒǞȬ5'-ȆȨ+ý�=ǢŲAǛ�Ȼ5!Ⱥ�²+ǈȃȸø·H`±Myȹ-ƀ÷�ĤǦ')=Ȼ 
��'ŶÐÄǈș.�|-ǭƻĖ+:=Ȼ 

!! = ! ∙ !! ∙! ! ∙ !!" ! !"#$% ,!"# ∙ !"#  
DwȾŶÐÄǈș(Gy) 
MȾȩǙș(nC) 
N0Ⱦǈșǭ-ŨŲ÷Ō(C/kg/nC) 
W / eȾȩó-ƴŵ+ý�=W�(J/C)�  
(�en /�)water,airȾŶ-ƴŵ+ý�=ȃșH`±MyÐÄ�ŌŴ� � � �  
BSFȾğŒŋ��Ō 

�	�u�_gs �̂

�	�	�u�_ge�

zǗƙ+.ŀȱâȩȨƽ�Ɛ
;>=�ȺH`±My�ôĩ�ļ��>&
>/Al¾�ą9ø·H`±My8ÍŖ
+ƀ÷'�=XǈD_qFRȸ¾ā�Ū¬Øȹ8śƐ')=ȻǲŐȯã-ŀȱâȩȨƽ-úș(�&.3�6 ml-8
-�:�Ɛ
;>&
=ȸFig. 1Ⱥ2ȹ. 
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ǈșǭ.zǗǿÚź�ŔşÔȃ�ǳŰŭȺ8��.ŔşŊĀǈĸǜõ�ǭƀȔ��¥Ý10ƺĵ+ǲŐȯãǈșǭů
ƁVwXyAǰ�&�<ŨŲA�Ȳ�=�(�'�=ȻŨŲŖ-ø·H`±My.ȺȇXǈňĝAμ�/20�50 keV
ưĔ-H`±My(*= 4)Ȼ�-ț-H`±My(20�50 keVưĔ)+ý�=ŨŲ÷ŌAġ=�(�Ŝ5�
Ȼ*�Ⱥ
�Ù-ƀ÷'.ȺCBCTň¡Ŗ+�:�55 keV5'-ǈȃ�ǭƀ�>&
=. 

Fig. 1 ;:- (3 ml) Fig. 2 �`;:- ]6 ml),> �`���!
� 
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ǈȃȸø·H`±Myȹ-ƀ÷.Ⱥǈșǭ-ŨŲ÷Ō-Ÿ÷ȺȃșH`±MyÐÄ�Ō-Ÿ÷-!7ĤǦ(*=Ȼǲ

Őȯã'.Al¾�ąȸHVL: half value layerȹAƐ
=�(�'�=ȻAl¾�ą-ƀ÷+.ȺH`±My�ôĩ-ă
*
ȩȨƽAƐ
ȺÐÄ�+.ǂĔ99.8%�{-AlŤAƐ
=Ȼäşƙ*ƀ÷ȖǊAFig. 3+Ƨ�!.XǈƄƂ�;
AlŤ5'-ȆȨ.50 cm�{')=�(,ǃ
ǈšAƐ
=�(ƹ�ŷ7;>=�Ⱥ¥&- IGRTST[l'ƎĮƙ*
ƀ÷ȖǊAǰ÷'�=(.ȡ;*
.  

 
Fig. 3� ǲŐƐXǈ-¾�ąƀ÷-ȖǊȸÃǍŎƋ4:<ėƐȹ  

5!Ⱥø·H`±My.Al¾�ą(ûĔ�;ø·ƙ*ſę�ŌAŷ7Ⱥ�>+ýĦ�=ÀzH`±My(�&ƻ¬
�=Ȼ�>.Ⱥ¢óſę\yX:<ƻ¬�=�(�'�=ȻTable 1.DmrJÝƶůƁĸǜƥƳĵ-\yXAƐ
&
ƻ¬�!ǅť')=	�Ȼ 

Al¾�ą(mm) = Ln(1/2)ȼ(ȃșſę�Ō(cm2/g)ȼûĔ(g/cm3)) × 10 

Al-ûĔ.2.699 g/cm3 AƐ
!Ȼ 

¾ā�Ū¬Ø-XǈD_qFRAƐ
&ǈȃƀ÷AǛ�æÌ.ȺH`±My�ôĩ-ă*
ȩȨƽAƐ
!ƀ÷+
:<ŷ7!Al¾�ąAäƁ(�Ⱥǈȃƀ÷-ǀĔAŪǳ�&���(Aº7=Ȼ�

�  
� VarianƩǣ OBIST[l(Varian OBI)(ElektaƩǣ XVIST[l(Elekta XVI)+$
&Ⱥ2Dňĝny^+��=
Al¾�ą-ƀ÷AǛ#!ȸTable 2ȹȻ*�Ⱥ2DňĝŖ.Bowtie filterAƐ
&
*
Ȼ 
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ştjy]'.ȺAAPM TG-61 ȸAAPM protocol for 40 - 300 kV x-ray beam dosimetry in radiotherapy and 
radiobiologyȹ6ȹ+ǯȊ�>&
=Al-Ʒz¾�ą+ý�=ƴŵ+ý�=Ŷ-čáȃșH`±MyÐÄ�ŌŴAƐ
!Ȼ
Table 3+�-zȔAĻƿ�!Ȼ 
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ǈȃƀ÷:<ŷ7!Al¾�ąAƐ
&ȺAAPM TG-61-\yX�;Ŷ+ý�=čáȃșH`±MyÐÄ�ŌŴAŷ
7! 6ȹȻAl¾�ą�3�6 mm'čáH`±MyÐÄ�ŌŴ.1.021�1.034')#!Ȼ 
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ƚǒǞȬǈșAǴ��=æÌȺğŒŋ�+:=ǈșçµAǍĲ

�=ĤǦ�)=Ȼ  
ȏċ.ȺAl¾�ą(ƆĀȘAcqmyX(�!ğŒŋ��ŌA
��=Ȼ�>;. Grosswendt; 7ȹ9Klevenhagen ; 8ȹ���

��:�Ƣ;>&
=Ȼ���Ⱥ�>;.ƞĞ 20 cm�����
������������-6')<ȺIGRT+�
&zǗƙ+
�Ɛ�>=řë40 cmưĔ-ƣěƆĀȘ+$
&.ƞŁƐ
=�
(.'�*
Ȼ�-!7ştjy]'.µǚ;�åÒ�!ğŒŋ

��Ō-\yXAƐ
!. *��-\yX-SSD.80cm')=.
ȸFig. 4ȹȻµǚ;.Al¾�ą-6'ğŒŋ��ŌAŷ7=�(.
}Ʀøĩ+Öȳ�)=�Ⱥ¤ĀǞȬǈș+Ǧŷ�>=Ǵ�ǀĔ�

;6>/Öȳ+.*;*
ƾÛ"(ȍ2&
= 9ȹȻ 
ǈȃƀ÷:<ŷ7!Al¾�ąȸ3�6 mm)+&ȺƆĀȘ40 cm
�40 cm-ğŒŋ��ŌAµǚ;-\yX:<ŷ7!(�?Ⱥ1.40
�1.55(*#!Ȼøȥ+Fig.4:<BSFAŷ7=æÌȺOqe-ǹ6Å<+:=}Ʀ���ƘƏ�=!7Ⱥö¥�+
ǧƲ8#!ǹ6Å<AǛ�ĤǦ�)=.  

 
�	�u�_gdY�

�	�	�u�6V1<TXAB+ICihreps���3�6��'�t�

� ƆĀǈș-ƀ÷.DFWVwXȸ100 cmȹ'Ǜ#&

=�ȺƚǒǞȬ-�ǊAǍĲ�&SSDA85 cm+(
�&ȆȨ-Ȏ2�ǢŲAǛ#!. BSF+$
&.ë�
*è».*
(�&ȺSSD 80cm-�A�-55�Ɛ
�Ǵ�AǛ#!.Table 4+Varian OBI-\eI±]Ţ
�+:=¤ĀǞȬǈș-ƀ÷ǅť(ǲŐÃǍth±

ȸdiagnostic reference levels 2015 :DRLs201510ȹȹ-ǅ

ťA�> >Ƨ�Ȼ 
 

First HVL
mm AL
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Table 3� Al¾�ą(čáȃșH`±MyÐÄ�ŌŴ 

Fig. 4� ğŒŋ��Ō� ȸŎƋ8:<ėƐȹ 

Table 4 Varian OBIDRTKYS��CFH	�1</8 

Anatomy kV

Head-AP 100
Head-Lat 70
Thorax-AP 75
Thorax-Lat 95
Abdomen-AP 80
Abdomen-Lat 85
Pelvis-AP 75
Pelvis-Lat 105

mAs

8.0
5.0
5.0

40.0
32.0
40.0
10.0
80.0

��

��

1.5 3.0 ���


0.5 2.0 ���


0.5 3.0 ���


6.8 6.0 ���


3.9 3.0 	�

5.5 4.0 ���


1.1 4.0 ���


16.5 11.0 ���


mGy mGy

DRLs 2015
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Varian 2œǰȺElekta 1œǰ-ǭ3œǰ+�
&Ⱥ2DňĝŖ-DFWVwX+��=ǈșAƴŵJyk'-ŴȉA
Ǜ#!Ȼ ƀ÷Ø.PwcN]XǈD_qFRȸACCU-GOLD+ȺRadcalcƩȹ(¾ā�Ū¬ØȸAGMS-D+ȹA�Ɛ
�!ȸFig. 2ȹȻ�Ù�Ɛ�!Ū¬Ø.Ⱥ�²+ȩȨƽ'H`±My�ôĩ-ƦǶAǛ#!ȻŹƗüÈ{+Ŷƹ�eCw
]lȸXeGIyXyȹAǰǊ�Ⱥ�-ǞȬ+¾ā�Ū¬ØAȖǊ�!ȻŪ¬ØǞȬ.DFWVwX+Ì@�&ƀ÷A

Ǜ#!.� ňĝȸƀ÷ȹŢ�.ƼȩÞA80,100,120,125 kVȸElekta XVI+$
&.120 kV5'ȹȺƼȩŽA80 mA
ȸVarian OBIȹȺ40 mAȸElekta XVIȹȺƆĀŖț.10,20,32,80,250 msecȸVarian OBIȹȺ10,20,32,40 msec
ȸElekta XVIȹ(�!. �ŰƱ(8Bowtie Filter.Ǡơ��ȺÀ�Ŗț)!<-ÐÄǈșȸ�Gy/msecȹ'Ǵ�AǛ
#!Ȼ100 kV(120 kV+��=ǅťAȺFig. 5ȸVarian OBIȹ�:0Fig. 6ȸElekta XVIȹ+Ƨ�ȻVarian OBI
+$
&.Ⱥœǰț-Ċ.3(B)*�#!. 

 
��'ȺVarian OBI-1œǰ'-Xǈ¬´-ƤŖț
Ɖĩ+}§Ì�)#!�AFig. 7+Ƨ�Ȼ�-��'
.Ⱥ80 msec:<8ƤŖț-ȯã'ƞǈĩ�(>&
*

�(�Ǫ=ȻƤŖț3)ǈș�çµ�= Î+)<Ⱥ

ƤŖțȯã+�
&ȑ³ǈș+*=Çǐĩ�)=Ȼ5

!Ⱥ�-ĝφ.CBCT-ǈșƀ÷Ŗ+8ÍŮ-ǅť�
ƦǶ�>&�<Ⱥƃȵ*ǟ/�A~�=��>�)=

!7Żį�ĤǦ')=Ȼ�-ğ-Ǻō'�- Î.ŉ

×�>!�Ⱥ�-��.myJ�-÷ŝmw[_wT

'.ƦǶ'�&
*�#!ȻElekta XVI+Ȝ�&8�Ù-ƀ÷'ƤŖțƉĩ�ƀ÷�>&
=(Fig. 6)Ȼ�Ùƀ÷AǛ
#!Elekta XVI+ȡ#&.Ⱥ5�ƤŖț'ǈș�ſă�= Î')<Ⱥȑ³ǈș+*=�(.*
�Ⱥ�Ɛǎ�'-
Ĺņ.ĤǦ')=(Ǎ�=Ȼ 
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Varian OBI-vyNT[ySpw+.,� ňĝŖ-ÃǍǈș(�&ȺXǈƼƄƂ�;-ȆȨ85 cm'-ƴŵJyk�
ǞƧ�>=Ȼ�-ǞƧ�>=ÃǍǈș+$
&�Ù-ƀ÷ǅť�;ŪǳAǛ#!ȻTable 5.¾ā�Ū¬Ø'-ƴŵJ
yk-ƀ÷ǅť(ǞƧ�(-Ŵȉ')=ȻvyNT[ySpw+ǞƧ�>=ǈșADFWVwX'-ȆȨ100 cm+Ņ
ƻ�!æÌȺȆȨ100 cm'ƀ÷�!¾ā�Ū¬Ø-ǅť(řë'3.2%-ƾÛ'zǖ�!.  
Ġ#&Ⱥ¤ĀǞȬǈș(�=+.ȺVarian OBIST[l'-ǞƧ�+ŶÐÄǈș1-èŅ(ğŒŋ��Ō+:=Ǣ
ŲAǛ�ĤǦ�)=Ȼ 
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Table 5  Varian OBINPQUC1+AIH/8 

OBI Ver 1.6
80 mA

80 mSec (mGy)

������ 
	��������

100cm 100 cm 85 cm

80 0.374 0.362 0.501
100 0.574 0.564 0.780
120 0.807 0.791 1.095
125 0.868 0.853 1.180

��

kV�����
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2Dňĝ+��=¤ĀǞȬǈș-ƀ÷ǅť(DRLs201510ȹ-ŴȉAǛ#!�ȺOBI-\eI±]Ţ�+:=¤ĀǞȬ
ǈș.DRLs2015-łð�>=ǈș:<8ê
æÌ8)#!ȸTable 4ȹȻ 2D+:= IGRT-Ɲƙ.�+ȶkZYwO
+:=�ǊƆÌ')<ȺǲŐAƝƙ(�=ǈșth±ȸDRLs2015ȹA{Ù=�(.ñĚ'.*
(Ǎ�=. Ëœǰ+�
�= IGRT-ST[lİĔ-Ĺņ(ňĝŢ�-řȓ»�Ŝ5>=Ȼ 
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CBCT+:= Imaging Dose+$
&.ȺzǗƙ+.CT dose index (CTDI)+:=Ǵ��Ǜ@>=Ȼ���ȺCTDI
.CTǠǊ-ǈșŀů+.*=�Ⱥīǎ-ǟ/�ǈșAƞŁƙ+Ǵ��=8-'.*
Ȼ 
ştjy]'.CTDI+µ�&ǈșŪǳƐeCw]lȸIBAƩǣ I’mRTeCw]lȹ(eCykěǈșǭAƐ
!
ǟ/�ǈșǴ�+$
&ŪǳAǛ#!ȻCTDI-ƀ÷Œź+$
&.2Dňĝ(ÍŮ+	¼Ɨǟ/�ƀ÷[LT]
4ȹ

AÃǍ(�!Ȼ 
 
�	�u�_gs �̂

�	�	�u�_ge�

ƀ÷+.ÿƐ-DNr±ǣ©ŦeCw]lȸ16 cm�,32 cm�ȹ(ȺiwS±âǈșǭȸȏċ.ś·Ț10 cmȹAƐ

!ȸFig. 8,9ȹȻ©ŦeCw]l¨-�ģȸcȹ(ǞȬ�;1 cm¨�-4Ƃȸpȹ-CTDI100Aƀ÷�Ⱥȗ6��-ǭ

ƻ+:<weighted CTDI(CTDIw)(�&Ǵ��!ȸFig. 10ȹȻIGRT'Ɛ
=æÌȺ[yf±Ư¸.Ǜ@*
!7
Volume CTDI (CTDIvol)-Ǵ�.Ǜ#&
*
Ȼ 

�

�	�	�u�_gof�

� ƀ÷Ŗ-TqFTČ.ȺmyJń×-\yX(Ŵȉ�=!7+ȺVarian OBI+$
&.DFWVwXȬ'2 cm

Fig. 9 CT Chamber PTW 30009`radius 3.5 mm_length 100 mm Fig. 8 CTDI Acryl phantom =7( 16 cmφ×15 cm  



Č(*=:�+ǰ÷�! 11ȹȻTqFTČ-ǰ÷Œź.ǠǊ+:#&ƕ*=!7ȺǠǊ-ƉĩAƎǪ�!{'ǰ÷�=

ĤǦ�)=ȻŲƦ*TqFTČ.ȺĺĝƓ¡-¾�Čǭƀ+:#&ŷ7=�(�'�=Ȼ 
Bowtie filter.ňĝgu]P±�Head-æÌ.Full Fan Bowtie filterȺPelvis-æÌ.Half Fan Bowtie filterA
�Ɛ�!Ȼ5!Ⱥştjy]'.ƴŵJyk+:=CTDI(�&ƀ÷AǛ#!Ȼƀ÷Ţ�ATable 6+Ƨ�Ȼ 
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CBCTny^'-ǈȃƀ÷.ƼƍAÜ÷�!Ɗı'Bowtie filterAǠơ�Ⱥ2Dňĝ'Ǜ#!ȸTable 7ȹȻVarian OBI
.ƼȩÞ80�120 kV'ȺAl¾�ą+�&�:�5�6 mmAlȸø·H`±My'42�46 keVȹȺElekta XVI.�:
�6�8 mmAlȸ46�55 keVȹ')=Ȼ 

NȾÄȦ®ŌȺTȾǰ÷TqFTÁ 

!"#$%&& =
1
)" # * +*

,&

-,&
 1 
 

!"#$% =
1
3!"#$)**,, +

2
3!"#$)**,/ 1 

 

Fig. 10 > CTDIwD%�TJ[SUBOLVSX 

CTDI100,c 
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Standard
Dose Head Pelvis

kV 100 125 100 120
mA 20 80 20 40

msec 20 13 20 40
projections 360 655 183 660

Exposure(mAs) 145 680 73 528
Filter Full Half F0 F1

Scan mode Full Half - -

OBI XVI
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Table 12 W[QMYZ$CFHkQ,kphant Table 13 2,. D"5 
Standard Dose Head Pelvis
100kV 20mA 20msec 120kV 80mA 13msec

µ en�ρ 4.33 mGy 28.41 mGy

ND,W��Q 4.19 mGy 28.03 mGy

difference -3.23  % -1.34  %



kn�

� �Ù-ƀ÷+)!<ȺǠǊxƀ÷Ø-5¿´A
!"
!œǰȜ�ǎ-Œ�+Ⱥž��ƨAƒ�)�5�Ȼ 

Egr �̀

1ȹ  ŊĀǈŹƗ�!?�� IGRT-QA/QC Working group report,2012 
2ȹ  Ŕş¼õƈƎõ� QA/QC òÕ�.Ɠ¡ǷāŊĀǈŹƗǔĒā¤-!7-KF^qFw(ƔƮ:IGRT KF^qF

w).¼õƈƎ 2010; 30: 49-53. 
3ȹ  Palm A, Nilsson E and Herrnsdorf Lars Herrnsdorf , Absorbed dose and dose rate using the Varian OBI 1.3 

and 1.4 CBCT system. Journal of Applied Clinical Medical Physics, 11, 229-40,2010 
4ȹ  ŔşŊĀǈĸǜõ�ǭƀ­ƭ�,ŊĀǈ¼ƗĸǜõÆŘ(25)������ƀ÷[LT]
,2006 
5ȹ  http://physics.nist.gov/PhysRefData/XrayMassCoef/ElemTab/z13.htmlȸ2017Ď3Ś25Ŕȝǩȹ 
6ȹ  C.M. Ma, C. W. Coffey, L. A. DeWerd, C. Liu, R. Nath, S. M. Seltzer, J. P. Seuntjens, “AAPM protocol for 

40-300 kV x-ray beam dosimetry in radiotherapy and radiobiology”, Med. Phys. 28, 868-893 ,2001. 
7ȹ  Grosswendt, B., Dependence of the photon backscatter factor for water on source-to-phantom distance and 

irradiation field size. Phys. Med. Biol. 35, 1233-1245,1990 
8ȹ  Klevenhagen, S.C., Experimentally determined backscatter factors for X-rays generated at voltages between 

16 and 140 kV. Phys. Med. Biol. 34, 1871-1882.,1989. 
9ȹ  µǚƫȄ,Ģ­ğŒŋ��ŌAƐ
!ǲŐXǈ-ğŒŋ��Ōƻ¬źȺŔŊĸõǵȺ57(12),1503-1510,2001 
10ȹ  �����ƥƳĭå`Z]vyN(J-RIME)/řő-Ý¨øıǺŧǅť+ä%�ǲŐÃǍth±-ǰ÷,2015.6.7 
11ȹ  Varian medical systems, Dose in CBCT – OBI Advanced Imaging. On-Board Imager® (OBI) kV imaging 

system v1.4 and v1.5. Revision 1.3.  Jun , 2012. 
12ȹ  Varian Customer Technical Bulletin OB-885 Rev A 
13ȹ  ŔşŊĀǈĸǜõ�ŊĀǈŹƗ­ƭ�,ŊĀǈ¼ƗĸǜõÆŘ(33)	ŊĀǈŹƗ+��=�ǊƆÌ(VZ]DZg

-øȥ
,2015 


