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&% ol gt ZAENY AvE 24 of Welnle) & emont 24 FAvich AR AFozvEe FTFoR

Fig. 1. A digitally reconstructed
radiograph (A, C) that was taken at
the time of simulation and this was
used as a reference image. A portal
image (B, D) that was taken just
before delivery of radiation thera-
py. Distance from each anatomic
point to y-axis is displayed. The
location error on the x-axis of the
dens (lower) is 1.2 mm and that of
the nasal septum (upper) is 1.7 mm
in absolute value.
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Table 1. Characteristics of Patients (n=21)

No. of patients

Characteristics :
{portal images)
Age (yr) 16~80
(median age, 62)
Male/female 14/7
Treatment technique
3D-conformal radiation therapy 11 (61}
Intensity modulated radiation therapy 10 (341)

Site of tumor

Nasopharynx 4 (112)
Brainstem 3 (52
Occipital lobe 3 (43)
Nasal cavity 2 (69)
Oropharynx 2 (50}
Pituitary gland 2 (35)
Temporal lobe 2 (26)
Frontal lobe 1 (6)

Cerebellum 1 (5)

C2 spine body 1 (4)

50 1 Mean=0.184
Standard deviation=1,9529
n=402

40

w
o
L

Frequency

-5.0 ~2.5 0.0 2.5 5.0
Location error of nasal septum (mm)

A4E7] X exp7b A A3 vl
Rt olEgt AEY 4 F3ellA J1E X8
o] 24 Yl wle] A% 3ol ofd HI3t 3=
A& ) AFE A A A (clinical target volume) B & <+9] A 2]
el 220 FXF 3l v Byt

A2 B2 SPSS ver. 15.0 (SPSS Inc., Chicago, IL,
USAYE ol &stglem, X s, el whE 229 FA
A ztolE BAsE dle ¥ TE T4 (student t-test)
& ol g3t A% exjete] FaatA| of F- Pearson
BAATE o] &3t FFE(p-vale)e] 005 olskel 7
5 FesA A9

Z o

ol¥ °3¥ﬂ1“°1 #2199 A} A Table 13}

ek X 871702 20~53% (AT, 462901, WAL=
AR L 40~70 Gy (F743k, 60 Gy), 93] WAL 1.8~
2.5 Gy (573, 20 Gy)irh AIEY ex F3& Sl# &
sk A 2AF G4 F 4027091}
FEA 9 AFET A 2 FHE XX+ Fig. 2
2t ZFAY #AL By X ex= HT 018 mm
(—4.6 mm~4.9 mm), X|3-E7]2 25 W3 A= A
0.16 mm (—5.7 mm~6.1 mm)¥3, F i 7+ EAH
A o8 Aol §Ahp=0.556). g2 X 225
BA89S Wi, HE X027t ZFA A 0.16 mm,
AAE715 033 mmPrh T2 24 ZFHMA 1.95
mm, XAE7]NA 2.67 mmPch

3 mm o] $1X 45 Bl A9 X FET] 914 &l
o A% 133M33.1%), ZLFA X FAYY ¢ 439

o

o r:u

M

(Ve

B
50 4 Mean=0.161

Standard deviation=2.6734
n=402
40

1

w
o

Frequency

-5.0 =25

0.0 25 5.0
Location error of dens {mm)

Fig. 2. Distribution of location errors on the x-axis from the point of the nasal septum (A) and from the point of the dens (B).
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(10.7%)°191 3 5 mm ©]4e] A5 Kol A%+ A
A=) ool A 11HQ2T%)0) gt FAL] 942
ZAA = gldeh oF&8] 5 mm o} A4EY] AX L
A5 Kol 1149 AS F ZZ Ao 3 mm o449 914
o xp7h HbAYeE 9 fgldh ZFA Q] YA 227t 2 mm
olUlZ A & wbe 359709 2AFAY F 13 =
Aol A XGE7 94X 9l A4 2 mm ol 24E
A 4 dodek A GE7oA ARt Ao X e
6.1 mm%]chFig. 3).

AAE ARG T2US ol Falo] AW Robe o,
A mAAst wmstel QAEAAL] AFzA 2

Ak 2A7HV45: <0.1%—12.6%4.7%) o]l FolAE A
vhebget,

WAIA & el |2 A4E71 X e XHE vl
Borort Qi =z A8 0.17+3.50 mm, A|712A4

AR E 04042.76 mmE F 7 7+9] 9v] gl Hol & Wt
A = 9 rhp=0.609). Aol wE XAE7)9 9x L
2 weglk WA 03142.81 mm, o34 0574331 mmoE F T
Zre] ofml gl Aeole glvhp=0.519). ABF T X 4E7]
o] extete] ARPA o) dizte] e REAE
AL WA r)=003, FAEE(p)=0.142 FIAE Ho
A Skt

Dot g

ZE

N - FARE AR E A AA gl AdEE Grke
A FRY ntaa g o] gt BAE T S, Ut
Hog AFAEe AAH oA 9d FA4Y 245 47 3
mm oW Hasla glew, 2 mm ol 4 A&
ol o Azhalet® uela] X & AAANE 3~5 mm
o] o ZAE Fi3 AYLTAAAE AA A et

ol adfollAle Al z2AFALY XF@E-olA d
A AR 22 2 F249 2x7F ZFA 0.18£1.95 mm,
ZAE7) 0164267 mmE o]&H ATES Ryt & Ao
5 Ro|AE gk’ At A4E7] 94X gl A

A

227F 3 mme} 5 mmE XIg A9t AA 2ALAY
= 247t 33.1%, 2.7%% % vEE B 53] 3%

o] 2 mm o] W& & b= 359709 ZAEd ol Al N AE
719] 1% el A 2 mm o] &xE HQl Z-$7h 1134
(31.5%) 45 et ol Axe FAES] FHEHET)
o] 4] A o|Fo] ubAlsle] Aol ule] vlA & X
o7 A £ g HoFrha A7 o)Ay
3 mm B 5 mmE 2%ske A|EY e AA X &2 V)
7t & AF B "Achd X EAYE T2l o] d
gk o] AAlA o F Kol A E Aol dAdgE
AAA ek AAE719 5 mm X S A o

Fig. 3. Example of location error of
the dens between simulation and
treatment. A digitally reconstructed
radiograph (A) and a portal image
(B) of a 6l-year old male patient
with a left tonsillar cancer. The
location error on the x-axis of the
dens (lower) is 6.1 mm and that of
the nasal septum (upper) is 1.9 mm
in absolute value.

- 111 -



3

o
o
ot
>
>
o
00
I

F3IX) 2011;29(2):107~114

ey
2
B3

>

U ¥Q, W
ek
R o

5V
o)

9] vlolle i et 9& 5 Yn
T e, A4E7) AR e
s A RolFa glvka o grk

w© wl rl
I oz Az -4

i fo pok
(B S _‘;«_L
L (o}
TEE LTk
e

il
B

oo
22 Y
oL
2
i
Y
k
x
o
Ho
o
>
2,
2%
by
1o
N
N
o
S

o
to,
a2
ofo
1
i,
4
2
N
lo
2%
Lo
2
b
h )
of
%,

z
re

i

< ok

2 T8 Ag=H
AR F e

2y AASEEE (cone beam CT)& o
AXE At AEY A FAF
7} oteligu o] 94 Hi-QWP Ao an, ARAZ
F1~3h)E 3Kl mE FH o] vl Prpi Bl
Ak ol Aol s A7 AFEVY A whE
3“}1’1“&"}4 AE AR fxwstihcl v A5 whAys
£ S Q1T S AT oAe AU BANZA A
= ?f%l%ﬂ* F2EUE AES HRAA ol
1 B FFOA Bk Y 2AE &
4 % 4% ot A A3 Fo4 oulg Zedy
st 28A N poflt)A] 2AE-od F(megavoltage portal
image) & o §sto} 2L A A o w g4 vlw) A
Eq HATE ohe A, 1w H5 94 24 E F
Aol stebsllgk 41217} bt oleldh Astoll A, AW 2A
Felgole) A3 A4E71e X0l 97 e
WA R f83070 9% 2919 020 % ekl
o gl I & Aok,

A%ES) 27 oY B, 2RI A
ATAARE vl sl AL £ZEo]e] 7
$Hautomatic anatomy matching, image fusion ) Wl
el HARHAANA ox7 AT fAHdE o
AehE Aotk = s 2ATIYE
R 944 shetolele shmslold A ol
YA X-4A g4 (kilovoltage image)‘ﬂ] ujslo] H
oo HESHH FzEY W3
A% ods] Al
91 BE B THW &
A A °“’i44 A zAv Aol A

Al B ¢ dgieh. wjE Zojx g Aol
A& 2 mm HH 28 HE3lo] o] & A

2 Aglol, AR 2A A

Aol FzEe] AXAA 9 24 A A

o md mo afi B o o
off T o N
> >
N
or T ol
3]
i}‘z\
=
g
=
&
o
=
as,
2
=
23

ol

N

rO

r

l
2
2 o

oy

01

r«‘,n
b=

Mo

|

&
O:V

ofd e, O?i‘

1&*
oﬁ’.

E
ik
of.
gh
N
_‘>;,

i

ity
2 s

)

1

- 112 -

2o oo R
of
cle
o

lo @y 2 e 2

=
ol
dgt
O
_i)é
3
brt
Ao
b
4
i
2
2
o
2,
i
P
L
b1
o
L

ox 9
o T
bl
ok
>
s
>3
B3
o fir
=
i3
o of
oo g% ©
ot
T
il Y
1 e
g%
:\!\3
a2 ol
e
o of

e N
oL

ode A2
3

o8 & oo A 2 i
>
S

32%
I
1rﬁ
™
s
N
>
)
o2
o
=2
2
X
o&, 2

O

o

=
A

ot f

)
\%
s
¥

<z
o >

rH
L
N
2

g g et AEY 2
o] 4 s FAz} BE LAE
*P%ﬂ%i#fﬂ ol& AofluiA] 2AEAY
Hol 7} thH-E [ mm ofHeo]ARE, &
o7} ¥kAgtrl= Pisani %m

383

A 2

N
B =
e o of
) ob ot
= o or g
A
"“ 2
g i
¥,

=
2
Y

ox X
nf rlo o & o

(o
1] 2

¢

A& HA3

o
e
[l
{0
)
by
of,
o_é;
z
fd
o,
2
o
4 i
_?L

¥,
Jor ¥ Ao
=
o
O
=

s LA
: o}}.l _1-10

z,
o
o
ol
1
-4
8
rir
=
T
o
©

f_
(L
i

H o

52 °F
kit

fa
o
te
9,
~OF
>
=

fo e X
{
{
"
o
o~ O,
S
N

ox e
A
i
\r
X,
&)
‘,6
-
Sl
of
ox
2
2
2
)
o

RS

41 £
-z £

ox iy
e
N N
dnone W0 g do ox
o T 1} 22

; doh o = r,

ar =S e
4 il T
i o
iy 5 T
’;’ [ I
= o ofr
£ A o
b >
2
ku St
O —4
< ES
11 B
Tﬂ“ rd
i A
%O (o]
% 5
3
2 =

ofo
)
X
x°,
£
_Ori«‘
X
rti
'

. ,l;-,yg .‘?_ Hl 241 %)

9] 917 w3t

l
o H.I

o o
2
e

im
1A
O

> o\
fo
oL
o
o,
o
ok ri:
»E
i
S
iy
o

_ukm("
il
b olN o
2 > 3
o
R
r‘}ﬂ‘ir'\om
24y
N T ofk
2 K ok
X
ofL 0 ar
o1>:, o]

S o flo
2,
DRIgic)
w rlo
3,01?'..0
oo =
ok r)~

2o 2
25
G
BN rxi

2]
o rir
o
o
e
A =
o e
P ot
o =2
r
=
=
3
Jﬁ =)
2
o
TR
XAl
i
T
o
Ay F
. >
32 qin
o fo
=3
o
o o
i N
ox

o
kl
Ho
ok

Chao KS, Wippold FJ, QOzyigit G, Tran BN, Dempsey
JF. Determination and defineation of nodal target volumes for
head-and-neck cancer based on patterns of failure in patients
receiving definitive and postoperative IMBT. Int J Radiat Oncol
Biol Phys 2002:53:1174-1184

. Hong TS, Tome WA, Chappell RJ, Chinnaivan P,

Mehta MP, Harari PM. The impact of daily setup variations



PAE==y
==

oh

on head-and-neck intensity-modulated radiation therapy. Int J
Radiat Oncol Biol Phys 2005;61:779-788

. Birkner M, Thorwarth D, Poser A, Ammazzalorso F,
Alber M. Analysis of the rigid and deformable component of
selup inaccuracies on portal images in head and neck radio—
therapy. Phys Med Biol 2007;52:5721-5733

. Zhang L, Garden AS, Lo J, et al. Multiple regions—of-
interest analysis of setup uncertainties for head-and-neck
cancer radiotherapy. Int J Radiat Oncol Biol Phys 2006;64:
1559-1569

. Guckenberger M, Meyer J, Vordermark D, Baier K,
Wilbert J, Flentje M. Magnitude and clinical relevance of
translational and rotational patient setup errors: a cone-beam
CT study. Int J Radiat Oncol Biol Phys 2006:65:934-942

. Hurkmans CW, Remeijer P, Lebesque JV, Mijnheer
BJ. Set-up verification using portal imaging; review of current
clinical practice. Radiother Oncol 2001;58:105-120

. Humphreys M, Guerrero Urbano MT, Mubata C, et al.
Assessment of a customised immobilisation system for head
and neck IMRT using electronic portal imaging. Radiother
Oncol 2005;77:39-44

- 113 -

| < SHE GAETIR TAOF Al XS0l FIXIS ot

o
12

29

. Li H, Zhu XR, Zhang L, et al. Comparison of 2D

radiographic images and 3D cone beam computed tomography
for positioning head-and-neck radiotherapy patients. Int J
Radiat Oncol Biol Phys 2008;71:916-925

. Goitein M, Busse J. Immobilization error: some theoretical

considerations. Radiology 1975;117:407-412

. Polat B, Wilbert J, Baier K, Flentie M, Guckenberger

M. Nonrigid patient setup efrors in the head-and-neck region.
Strahlenther Onkol 2007;183:506-511

. Gupta T, Chopra S, Kadam A, et al. Assessment of

three—dimensional set-up errors in conventional head and neck
radiotherapy using electronic portal imaging device. Radiat
Oncol 2007;2:44

. Pisani L, Lockman D, Jaffray D, Yan D, Martinez A,

Wong J. Setup error in radiotherapy: on-line correction using
electronic  kilovoltage and megavoltage radiographs. Int J
Radiat Oncol Biol Phys 2000;47:825-839

. Bak J, Park SH, Park SW. A study on the availability of the

on-board imager (OBl) and cone-beam CT (CBCT) in the
verification of patient set-up. J Korean Soc Ther Radiol Oncol
2008;26:118-125



CHErE A k8L E| X] 2011,29(2):107~ 114

—— Abstract

Location Error of the Dens in a Two-Dimensional Set-up
Verification During Head and Neck Radiotherapy

Dong Hyun Kim, M.D., Won Taek Kim, M.D., Yong Gan Ki, M.D., Ji Ho Nam, M.D.,
Mi Ran Lee, R.T.P., Ho Sang Jeon, Ph.D., Dal Park, Ph.D., and Dong Won Kim, M.D.

Department of Radiation Oncology, Pusan National University School of Medicine, Busan, Korea

Purpose: To assess the degree and clinical impact of location error of the dens on the X-axis during
radiotherapy to brain and head and neck tumors.

Materials and Methods: Twenty-one patients with brain tumors or head and neck tumors who received
three—dimensional conformal radiation therapy or intensity-modulated radiation therapy from January 2009 to
June 2010 were included in this study. In comparison two-dimensional verification portal images with initial
simulation images, location error of the nasal septum and the dens on the X-axis was measured. The effect of
set-up errors of the dens was simulated in the planning system and analyzed with physical dose parameters.
Results: A total of 402 portal images were reviewed. The mean location error at the nasal septum was 0.16 mm
and at the dens was 0.33 mm (absolute value). Location errors of more than 3 mm were recorded in 43 cases
{10.7%) at the nasal septum, compared to 133 cases {33.1%) at the dens. There was no case with a location
error more than 5 mm at the nasal septum, compared to 11 cases (2.7%) at the dens. In a dosimetric
simutation, a location error more than 5 mm at the dens could induce a reduction in the clinical target volume
1 coverage (V95: 100%—87.2%) and overdosing to a critical normal organ (Spinal cord V45: <0.1%—12.6%).
Conclusion: In both brain and head and neck radiotherapy, a relatively larger set-up error was detected at the
dens than the nasal septum when using an electronic portal imaging device. Consideration of the location error
of the dens is necessary at the time of the precise radiation beam delivery in two~dimensional verification
systemns.

Key Words: Radiation therapy, Electronic portal imaging device, Set-up error, Dens of the axis, Head
and neck
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