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Fig 1,

Image of the Phantom Setup.
immobilization masks were used to
fix the head in the translational
(lateral, longitudinal, and vertical)
and rotational (pitch, roll, and yaw)
dimensions,

(a) ExacTrac

S—t—

(b) Registration

oW

Fig 2,

Image Registration Using kV Tubes
1 and 2 with BrainLAB ExacTrac for
Phantom, (a) ExacTrac image, and
(b) image registration,
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Table 1, Translation group(a, b, ¢) Rotation group(d, e, f) and divided ExacTrac 6.1 auto matching the average,

standard deviation analysis,

(a) Translation group LR moving

(Unit: mm, degree)

o4 <) %ﬁazﬂa Ak Y ol MR AL B

t}. coucho]Eo] 67) HHko & ola® F2AJo] §]
AATHLH 41,
BZAIEZE $£™= Phantom CBCT 2} Plan CT &It

ExacTrac 6D couch® X 2# %7} 4 ¥ Phantom< A}
3 1], Translation groupollA] LA ko] QA= FAS | HFeE DRRo| || X7} o}l d CBCTOA S ¥ 4 CT o]n)
6D couch WA 7F& 67 Weko 2 o] 0.5mm=E o] =3 o A9} Plan CT 3ehd GA}-8 v 2413 9 x| 3hS H-A4]

3 2], Translation group®l|A+ couch®] o X, v,

LR moving 0.5mm

LR moving 1mm

LR moving 2mm

Displacement

direction X-ray6Dcal X-ray6Dcal X-ray6Dcal
(mean, SD) (mean, SD) (mean, SD)

AP 0.15,0.05 0.15,0.03 0.16, 0,05

Translation
ST 0.22,0.04 0.24,0.03 0.27,0.07
(mm)

LR 0.26, 0.04 0.47,0.07 0.55,0.15

Pitch 0.23,0.02 0.05,0.13 0.15,0.02

Rotation Yaw 0.16, 0.06 0.18, 0.06 0.20, 0.06

(degree)

Roll 0.00 0.10 0.07,0.06

(b) Translation group AP moving

AP moving 0.5mm

APmoving Imm

APmoving 2mm

Displacement

direction X-ray6Dcal X-ray6Dcal X-ray6Dcal
(mean, SD) (mean, SD) (mean, SD)

AP 0.2,0.06 0.43,0.04 0.51,0.06

Translation
SI 0.12,0.03 0.19,0.03 0.15,0.05
(mm)

LR 0.17,0.06 0.16, 0.05 0.20,0.07

Pitch 0.04,0.25 0.19, 0.04 0.16, 0.01

Rotation Yaw 0.16, 0.06 0.17,0.04 0.14, 0.01

(degree)
Roll 0.15,0.09 0.13, 0.06 0.18, 0.02
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(¢) Translation group SI moving

SI moving 0,5mm SI moving 1mm SI moving 2mm
Displacement
direction X-ray6Dcal X-ray6Dcal X-ray6Dcal
(mean, SD) (mean, SD) (mean, SD)
AP 0.13,0.03 0.19,0.07 0.22,0.06
Translation -
ST 0.26, 0.08 0.35,0.10 0.19,0.07
(mm)
LR 0.15, 0.06 0.19, 0.06 0.25,0.03
Pitch 0.15, 0.31 0.17,0.06 0.15,0.04
Rotation Yaw 0.07,0.17 0.13,0.06 0.18,0.07
(degree)
Roll 0.00 0.03, 0.06 0.03,0.03
(d) Rotation group Pitch moving
Pitch moving 0,1° Pitch moving 0.5° Pitch moving 1°
Displacement
direction X-ray6Dcal X-ray6Dcal X-ray6Dcal
(mean, SD) (mean, SD) (mean, SD)
AP 9.89,0.59 12,96, 0.15 23.97,1.70
Translation .
S 2.00,0.11 0.41,0.19 1.88,0.14
(mm)
LR 0.71,0.05 0.39, 0.03 1.24,0.07
Pitch 0.16, 0.06 0.3, 0.06 0.12,0.03
Rotation Yaw 0.06, 0.01 0.07,0.04 0.4, 0.39
(degree)
Roll 1.04,0.04 0.46, 0.01 1.2,0.07
(e) Rotation group Roll moving
Roll moving 0.1° Roll moving 0.5° Roll moving 1°
Displacement
direction X-ray6Dcal X-ray6Dcal X-ray6Dcal
(mean, SD) (mean, SD) (mean, SD)
AP 0.54, 0.48 0.40, 0.47 0.51,0.32
Translation
ST 0.64,0.11 1.30, 0.48 2.23,0.80
(mm)
LR 0.58, 0.43 2.49,1.42 3.74,2.03
Pitch 0.24, 0.07 0.34,0.11 0.04, 0.02
Rotation YVaw 0.36, 0.08 0.44,0.02 0.76,0.21
(degree)
Roll 0.19, 0.04 0.07,0.03 0.07,0.02
7 3% Zko] 0.1mm, couch Rtn(rotation)Zk-& 0.1° o] & 3. 3D/3D matching couch 2%} Zto| 2 x| 2AH|& 2=
ZA =T} Rotation groupolAl+= ) X, Y, Z F3E ko] H|
0.2mm, couch RtnZt& 0.7° 2 2%} Fko] Translation
group®] #k Bt} e a7l =2& o S dAvHL ™ 5l 3D/3D matchingollA 53} couch 2} F42 origin |

2 F ¥ couch Frol ¥kalsle] x5 A8 £x = vlold)] 1
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(f) Rotation group Yaw moving

g5 9| 491 : CBCTE 0|28 ExacTrac 6D QAR EEIAL

rx

x 2ol Yo I}

Yaw moving 0.5° Yaw moving 1° Yaw moving 2°
Displacement

direction X-ray6Dcal X-ray6Dcal X-ray6Dcal
(mean, SD) (mean, SD) (mean, SD)

AP 0.50, 0.07 1.22,0.11 1.20,0.06

Translation
S 1.38,0.18 0.14, 2.10 1.26,0.16
(mm)

IR 0.75,0.15 0.34,0.14 0.62,0.09

Pitch 0.22,0.04 0.76,0.1 1.77,0.13

Rotation Yaw 0.20,0.24 0.22,0.02 0.29,0.04

(degree)
Roll 0.06,0.15 0.07,0.01 0.06, 0.02

6D: 6 degree-of-freedom, CBCT: cone-beam computed tomography, SD: standard deviation, cal: calibration LR: left-
right, SI: superior-inferior, AP: anterior-posterior, Pitch: rotation around LR direction, Roll: rotation around SI direction,

Yaw: rotation around AP direction,
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Table 2, 3D / 3D matching value comparison of Plan CT and CBCT and a modified Phantom in the Translation

group(a, b, ¢), Rotation group(d, e, f) to coordinate treatment,

(a) Translation group LR moving

(Unit: mm, degree)

LR moving 0,5mm

LR moving Imm LR moving 2mm

Displacement
direction CBCTac & Plan CT cal CBCTac & Plan CT cal CBCTac & Plan CT cal
(mean, SD) (mean, SD) (mean, SD)
AP 0 0 0
Translation

( ST 0,0.1 0,0.1 0

mm)
LR 0,0.1 0.03, 0.06 0,0.1

Rotation(degree) couch Rtn 0.1 0.03, 0.06 0.07, 0.06

(b) Translation group SI moving

SI moving 0.5mm

SI moving Imm SI moving 2mm

Displacement
direction CBCTac & Plan CT cal CBCTac & Plan CT cal CBCTac & Plan CT cal
(mean, SD) (mean, SD) (mean, SD)

AP 0 0 0.07, 0.06

Translation G G G

- SI 0.03, 0.0 0.03, 0.0 0.03, 0.0
LR 0.03,0.06 0.03, 0.07 0
Rotation(degree) couch Rtn 0.07, 0,06 0.07, 0,06 0,0.1

(¢) Translation group AP moving

AP moving 0.5mm

AP moving 1Imm AP moving 2mm

Displacement
direction CBCTac & Plan CT cal ~ CBCTac & Plan CT cal  CBCTac & Plan CT cal
(mean, SD) (mean, SD) (mean, SD)
AP 0 0 0
Translation
SI 0 0 0.03,0.06
(mm)

LR 0.03, 0.06 0 0.07,0.06

Rota[ion(degree) couch Rtn 0.17, 0.06 0, .17 0.03,0.12
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(d) Rotation group Pitch moving

Pitch moving 0.1°

Pitch moving 0.5°

Pitch moving 1°

Displacement
direction CBCTac & Plan CT cal CBCTac & Plan CT cal CBCTac & Plan CT cal

(mean, SD) (mean, SD) (mean, SD)

AP 0.07£0.06 0.03+0.06 0

Translation
SI 0.031+0.06 0.03+0.12 0.1
(mm)

LR 0.1 0.03+0.06 0.13+0.06
Rotation(degree) couch Rtn 0.37%0.06 0.47%0.06 0.27+0.07

(e) Rotation group Roll moving

Roll moving 0,1°

Roll moving 0.5°

Roll moving 1°

Displacement
direction CBCTac & Plan CT cal CBCTac & Plan CT cal CBCTac & Plan CT cal
(mean, SD) (mean, SD) (mean, SD)
AP 0 0.07,0.06 0.07,0.06
Translation
ST 0.,0.11 0.03, 0.06 0.1,0.1
(mm)

LR 0.03,0.12 0.13,0.06 0.07,0.06
Rota[ion(degree) couch Rtn 033, 006 0, 17, 006 0. 17, 006

(f) Rotation group Yaw moving

Yaw moving 0,1°

Yaw moving 0.5°

Yaw moving 1°

Displacement
direction CBCTac & Plan CT cal ~ CBCTac & Plan CT cal  CBCTac & Plan CT cal
(mean, SD) (mean, SD) (mean, SD)
AP 0.06, 0.06 0.1 0.09, 0.06
Translation
( SI 0.1 0.01, 0,06 0.01, 0.06
mm)
LR 0.14,0.06 0.19, 0.06 0.1
Rotation(degree) couch Rtn 0.62,0.02 0.09, 0.03 0.7,0.02

CBCTac = CBCT Accurate calibration

Table 3, Comparative PTV HI, CI value of the origin, Translation, Rotation groups.

Parameter origin plan Translation group plan Rotation group plan
HI 1.16 1.33 1.45
PTV
CI 1.01 1.03
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Abstract

Evaluation of accuracy in the ExacTrac 6D image
induced radiotherapy using CBCT

Department of Radiation Oncology, Chonnam National University Hwasun Hospital
Department of Radiation Oncology, Chonnam National University School, Gwangju, Korea

Park Ho Chun, Kim Hyo Jung, Kim Jong Deok, Ji Dong Hwa, Song Ju Young

To verify the accuracy of the image guided radiotherapy using ExacTrac 6D couch, the error values in six directions are
randomly assigned and corrected and then the corrected values were compared with CBCT image to check the accurateness
of ExacTrac,

The therapy coordination values in the Rando head Phantom were moved in the directions of X, Y and Z as the translation
group and they were moved in the directions of pitch, roll and yaw as the rotation group, The corrected values were moved in 6
directions with the combined and mutual reactions, The Z corrected value ranges from 1mm to 23mm. In the analysis of errors
between CBCT image of the phantom which is corrected with therapy coordinate and 3D/3D matching error value, the rotation
group showed higher error value than the translation group. In the distribution of dose for the error value of the therapy
coordinate corrected with CBCT, the restricted value of dosage for the normal organs in two groups meet the prescription
dose, In terms of PHI and PCI values which are the dose homogeneity of the cancerous tissue, the rotation group showed a
little higher in the low dose distribution range,

This study is designed to verify the accuracy of ExacTrac 6D couch using CBCT . It showed that in terms of the error value in
the simple movement, it showed the comparatively accurate correction capability but in the movement when the angle is put in
the couch, it showed the inaccurate correction values, So, if the body of the patient is likely to have a lot of changes in the
direction of rotation or there is a lot of errors in the pitch, roll and yaw in ExacTrac correction, it is better to conduct the CBCT
guided image to correct the therapy coordinate in order to minimize any side effects.

Keyword : ExacTrac 6D couch, image guided radiotherapy, CBCT, pitch, roll and yaw
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