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Impact of the Presence or Absence of a Bow-tie Filter on Image Quality, Radiation Dose, and
Registration Accuracy in cone beam computed tomography (CBCT)
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[Abstract]

Purpose: In computed tomography (CT), a bow-tie filter is used to adjust the X-ray intensity distribution, harden the beam
quality, and reduce radiation exposure. However, in the imaging conditions of cone beam computed tomography (CBCT)
for head scans using an ELEKTA linear accelerator, there is no option to set a bow-tie filter. In this study, we registered a
setting that includes a bow-tie filter for head imaging conditions and evaluated the effects of the filter on image quality
and radiation dose. Methods: We investigated the radiation dose, image quality, and positioning accuracy with and with-
out the bow-tie filter. Results: By applying the bow-tie filter, we were able to maintain image quality and positioning ac-
curacy while reducing the weighted cone beam CT dose index (CBDIw) by 44.1%. Conclusion: A bow-tie filter should be
incorporated into the CBCT imaging conditions for head scans using an ELEKTA linear accelerator.
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Fig.1 Bow-tie filter shape (Excerpt from the
XVI5.0 User Manual)
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Table 1 2D exposure conditions

Bow-tie Filter (-) Bow-tie Filter (+)

Shooting Mode 2D 2D

kV 100 100

mA 25 25

ms 40 40

kV Collimator S20 S20
kV Filter FO F1

Table 2 CBCT exposure conditions

Bow-tie Filter (-) Bow-tie Filter (+)

Shooting Mode CBCT CBCT

kv 100 100

mA 10 10

ms 10 10
kV Collimator S20 S20

kV Filter FO F1
Start Angle (degree) 320 320
Stop Angle (degree) 160 160
Gantry Speed (degree/sec) 360 360
Direction CwW CwW
Frames 183 183
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DRI T 52— — 24 CTHET
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Fig.2 Measurement layout of half-value layer and entrance

surface dose

(a) half-value layer (b) Entrance surface dose
(c) Couch movement direction

CBDI) #gHUIL 729, mEa—r (8)yreme Xeray tube (b) ey Kray-tube ©
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Beam Dose Index, CBDIw) @ . . @
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IIRT. oot O ) cow
CBDIw = (CBDIcenter/3) + Fig.3 Measurement setup diagram using a CTDI phantom
(2*CBDlperipbery) / 3 (a) Transverse direction  (b) head-to-foot direction  (c) Rod arrangement
......... (1)
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BPERHL 7 W% Teflon pin & Y Line spread
function (LSF) # (% L, LSF & Y Modulation
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Fig.4 Phantom images used for analysis

(a) Teflon pin of the CTP404 module (b) Analysis locations of the CTP486

(c) Analysis locations of the CTP404 module

transfer function(MTF), Noise power spectrum
(NPS), Signal-to-noise ratio (SNR) & [ Hgk
Tdh % System performance (SP) ZFHHIL 7.
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of interest : ROI) Tl 7. ¥—1kix1, 2, 3,
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P (Uniformity : UNI) &, 4 ROI® Pixel value
(PV1, 2, 3, 4, 5) 5, /4 Xi&Pixel value (PV6)
OfEEfRAE» SR LI B—HoRHXE (2) 1R
T, %236, JIS Z 492312015 256020, 7 4 REHili:
EEED 40% D ROI %, H—PEFH L X EED 10%
DROT ZERL LEHII L 72

UNI= | (PV2+PV3+PV4+PV5)/4-PV1 |

1-4-4 OAVEZARE - AV SR ME /A X
CTP404 €S 2 — v 2L, av FZAMHE D
Y FF A M/ A4 R (Contrast-to-noise ratio :
CNR) O#Hli% 92k L 72. Tmage] THY A F Ry
7 VBiE (Poly Methyl Pentene : PMP) k3w 2
77 v v FDPixel value Z il L, PMP @ Pixel
value D3F¥E (PVPMP), »Nv 2 7°5 7 N Pixel
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WZESRL 7S, Bow-tie filter DA HEC & 2 (7 E B A 4
JERRERR T B0, WE7 7> b 22X, Y, Zih
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value (T+R) T ERAZFEML, CTH%E CBCT
R b —3T HRERDH 6 N5 TREREG 2
Lic #oeld, S&RUTSHEBL, BER R
5, #H1H5 mm Z AL Il O I b AR
PHMLI. RERZFig.5IRT.

Fig.5 Layout for checking position matching
accuracy

1-6 HEstiEMr

MRHRMTIZIX EZR (version 1.68, HIBERAH
BEvrc iRty 2 —, BiE)® 2HMLL Lk,
M, 2> b A M, CNR, FOM, friEfEaHRsE
(2B L T, Mann-Whitney U-test THEEH#HT L 7C.
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R & WBER & TR H W T5.5 mm EZEp e
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2D O SMET, BREB (Y #il) J1 5 R4 >+ (No.6,
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OFEHI 2 R L 7c. KR % Fig.7 (a), (b) R
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MONo.6, 2, 1, 4, 8 T22.7, 22.0, 22.2, 23.5,
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YA Hoe ) E
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6

Distance from center (cm)
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Distance from center (cm)

Bow-tie filter ¢ L TiX
29.4% DK IR 2 HEFR S
nre.

(a) Half-value layer

Fig.6 Measurement results of half-value layer and entrance surface dose

(b) Entrance surface dose

Wiz, 3D OHIAHT o —
FHIIL, 5 L7 CBDIO s

5 #% 4 % Table 3 (a), §oo

(o)1= % CBDIcenter. 5

CBDI periphery» b5 ) .

HiL 7 CBDIw &, Bow- w0
tie filter’cL TO0.47

w B
U R R e
S0 e
e S S —
g 80 r-momTTT
----- Bow-tie filter(-) 3
—— Bowtio filtor (+) I e
o
3 a0
<
20 [ Bow-tie filter{-) —— Bowtie filter (+) |
0
10 15 0 2 4 6 8 10 12 14 16

5

Distance fromcenter of GTDI phantom(cm)

Distance fromcenter of GTDI phantom (cm)

+0.01 mGy, Bow-
tie filterd Y T0.26=
0.01 mGy &, Bow-tie
filter Z M 3 % 2 & T44.1% O AK IR 53] 58
It o1, CBDIw &gttt L 7ok, p=0.020 LA
A (p<0.05) »@EH L.

2-2 EEFE
2-2-1 MTF

7 4 vz & o TH#FT L 7o MTF, NPS, SP % Fig.8
(a), (b), (c) 1=/”¥. Bow-tie filter 2]+ 2 2

Table 3 Cone beam dose index measurement results

Fig.7 Measurement results based on 2D exposure parameter
(a) Deep direction (Y-axis)

(b) Transverse direction (X-axis)

2 & Y MTF T3 ARZ2 i e ais o 0.1~0.3 cycles/
mm O[] EAFED 6, NPS T3 IZ&HE, SP
TR ZE B RO 0.1 cycles/mm A T LA %2
AL, SO I) ECPECRRYEO I T iR S e,
RN LR HEZ E 7 5 MTFH 0.5 £ 78 %
fiitz, Bow-tie filter % L T 0.18 cycles/mm, Bow-
tie filter® 9 T0.21 cycles/mm t, Bow-tie filter
HY TEMEERLIC

Center Top Left Down Right CTDI, CTDlI, CTDI,,
1st 0.22 1.01 0.74 0.06 0.55 0.22 0.59 0.47
2nd 0.22 1.00 0.73 0.06 0.55 0.22 0.58 0.46
3rd 0.22 1.02 0.75 0.06 0.56 0.22 0.60 0.47
4th 0.22 0.99 0.72 0.06 0.54 0.22 0.58 0.46
5th 0.23 1.03 0.75 0.06 0.57 0.23 0.60 0.48
Average 0.22 1.01 0.74 0.06 0.55 0.22 0.59 0.47
SD 0.00 0.02 0.01 0.00 0.01 0.00 0.01 0.01
(a) Bow-tie filter (-)
Center Top Left Down Right CTDI, CTDlI, CTDI,,
1st 0.16 0.51 0.41 0.00 0.32 0.16 0.31 0.26
2nd 0.16 0.50 0.40 0.00 0.31 0.16 0.30 0.26
3rd 0.17 0.52 0.42 0.00 0.32 0.17 0.31 0.26
4th 0.16 0.50 0.40 0.00 0.31 0.16 0.30 0.25
5th 017 0.52 0.42 0.00 0.32 0.17 0.32 0.27
Average 0.16 0.51 0.41 0.00 0.32 0.16 0.31 0.26
SD 0.00 0.01 0.01 0.00 0.01 0.00 0.01 0.01
(b) Bow-tie filter (+)
20 (692) H A H R R 2358 2026. vol.73 no.886
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L 1 =
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5 O- E
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E g-i s | e Bow-tie filter ()
- -

= 0.1 (a) e 2 (b) Bow-tie filter (+)
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Fig.8 Image quality evaluation

(a) MTF

2-2-2 59— - /A XFH

UNI (%, Bow-tie filter DA MET 3.4+0.2,0.9+0.1
ESOMNTH -7 st (PV5) (X Bow-tie filter
DA LY 120.7+1.2, 109309t 1 5 7
, gLt UNTOREREZHE T2 L 2.01+0.03%,
1.97£0.03% L W% Th 5 2 L 23RS iz (Table
4). %174 X%, Bow-tie filter A T 16.9+
0.3, 15905 TH -1 (Table 4). H—TkD I,
J A R B AREHRIT L ISR, p=0.075, p=0.031t
JARCBHEEA (p<0.05) 2D LN,

2-2-3 AVKSRR - AVESRH/ 1 XL
Bow-tie filter OF#ET, CRIX1.19+0.01, 1.17=
0.01, CNR1X3.25+0.06, 2.97+0.04 £ 7Y (Table
4), Bow-tie filter il 4% 2 & THTIT T 216
MHRH e, — 4T, Bow-tie filter DA%
115 FOM{340.6%£0.7, 18.8=0.5t 7Y (Table 4),
Bow-tie filter® ) THfliZz/RL 7. CR, CNR, FOM
EAKEHINT L 7oA, p=0.031, p=0.026, p=0.027
LETOHH AR (p<0.05) »iEd bhic.

Table 4 Summary of results

(b) NPF (c) SP

2-3 (UEBRARE

MLEREGOXE, Yi#h, Z#, 3H~X2 v TR
JE1X, Bow-tie filterd b T, 0.30%0.07, —0.10+
0.01, =0.10£0.01, 0.35+0.00, Bow-tie filter & L
T, 0.50+0.07, —0.10=0.01, -0.10+0.01, 0.53
£0.00mm & (Table 4), 3£i21.0 mmELA D H5EE
Thar I EWVMEHINIC. 32 P it A8
TEA DREEE 2 AT L 10AE 5, p=0.026 £ A%
(p<0.05) »REHLATC,

3. & K

Elekta Synergy @ &k O #5252 fF (< 13 Bow-tie
filter DBEN L. EAEDENFEL Bl 2
B XL, ARLEE T, FEMOBSESMER AL T
SACBCT D deth 2 8% L, 2B 7% E DI EH
THESHIMAEL T2 L ENS. Bow-tie filterd
BENTL O, B R OB IZT 2 LR
2&¢N3. Z 2 T4HN, Bow-tie filter DA EH M,
M 3o & OV PR A AS BE L2 ST 9 52 o CEFAM

Bow-tie Filter (<) Bow-tie Filter (+) p value

Uniform ratio (%) 1.97 £0.03 2.01+0.08 0.075

Noise 15.9=+0.5 16.9+0.3 0.031

CR 1.17 £0.01 1.19+0.01 0.031

CNR 2.97 £0.04 3.25+0.06 0.026

FOM 18.8+0.5 40.6+0.7 0.027

3-Axis Vector Position Matching Accuracy (mm)  0.53 = 0.00 0.35+0.00 0.026
ol & 21 (693)

05



$ ﬂﬁ' Arts and Sciences

L.
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AR A ERRRREICT L, AT 30.1%, 8%
8T 63.1% DR b, 272CTDI 7 7
Y h2aEHCIZ2DC & % KT, Bow-tie filter
BERET S LT, SRR R O 41,
WiFHE THETH -7/, CIDIZ7 v P 2itd b
CBDIc, CBDIp, CBDIw!}, Bow-tie filter%s L T
0.22+0.00, 0.59+0.01, 0.47+0.01 mGy, Bow-
tie filterd Y ©0.16+0.00, 0.31+0.01, 0.26=+
0.01 mGy &, Bow-tie filter 232 2L Tz
Fi253, 47.6, 44.1% ORI HEL 72D, 2D
[k, gt C OMBIEGRER R S le. b
DFRARIEA 1 Bow-tie filter ORETILIZ X 2 #L
B & — RO LML L, MHER 51T 5 XHi
TNIY ADARYE DR L Icicw EEZ 6N D,

W FHII Tk, Bow-tie filter 292 2 L2 &
O 22 [ E Dk B3O MTF %° NPS (3B %, SP T3
fli% R L, SESPEDI PR CRREDIR T 2R &
e, 2 Bow-tie filter DEHET, /4 X5316.9
+0.3, 15.9+0.5, CR#°1.19+0.01, 1.17=0.01,
CNR#*3.25£0.06, 2.97+0.04 £ I #ERE L
1o, MRTICH EARED S e’ BRI 2R
oMoz, /4 X, CR, CNRHILDFH L,
V== F= U 70 L 2 IR OIRT L £ A T
WA AT, HffOF ) T —2arBLTVAI
S, BB L Ti2.01£0.03%, 1.97+0.03%
LHETh-12. 2712FOMTIZ40.6+0.7, 18.8+
0.5 &£ Bow-tie filterd Y THEALIZE W 2 & 2 ERES
nr. oL, /4 X, CR, CNRPE T TS
5300, NSRRI L 2 XY v b
KEL, BMEPEBLZCIEZRLTVAS,

PLEIR A OFERTIE, 3T 2 b v TOREX, Bow-
tie filter ®AMET 0.35+0.00, 0.53£0.00 mm T&H
h, HEAEEED 6 NIHABUTHIC 1.0 mm DI OFS
ETHH Z LHRERSH, /4 X, CR, CNRZED
ETFREEL LGS LAMRS AL, J4ud, Gray
value (T+R) (2 & 2 HEYfLERAIE, W{RO Pixel
value DIRIEHA b i b —FERO BB 2 T
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