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Optimal Beam Quality for Lateral Lumbar Spine Radiography Using an Indirect Conversion
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Abstract: This study investigated the optimal beam quality for lateral lumbar spine radiography using an indirect
conversion flat panel detector (FPD) system. This study used beam qualities comprising combinations of tube voltages
(80, 85, 90, 95, and 100 kV), with no filter, and five types of metal filters (Cu, Ho, Gd, Yb, and W), resulting in 30
conditions. Lateral lumbar spine radiography was performed using a human phantom. The 30 beam qualities were
evaluated by measuring image contrast, entrance surface dose (ESD), and exposure time, and were compared to the
reference beam quality of 85 kV without filter. The combination of 80 kV and a Cu filter resulted in a 6% reduction in
ESD and 7% improvement in image contrast. Similarly, the combination of 85 kV and a Yb filter reduced the ESD by
14% and enhanced the image contrast by 5%. Furthermore, the combination of 85 kV and a W filter achieved a 19%
reduction in ESD and 1% improvement in image contrast. Exposure times were 0.11, 0.18, 0.14, and 0.125 s for reference
conditions (85 kV, no filter), 80 kV + Cu, 85 kV + Yb, and 85 kV + W, respectively. The increase in exposure time due to
using heavy-metal filters was limited by a factor of<<1.27 times. These findings suggest that for lateral lumbar spine
radiography using an indirect conversion FPD system, 85 kV + Yb provides an optimal balance between image quality
enhancement and radiation dose reduction.

Key words: Indirect conversion Flat Panel Detector (FPD), Heavy metal filter, Image contrast, Entrance surface dose
(ESD), Lateral lumbar spine radiograph

1. #8 W25 5 2 & 2 CHEBEAARIZHI S Upkid <

IR CHERA SN TWSE X#HiE, KA rvF— =0z HEERE %> TW5. Fig. LINNE
POEHIANE—FTORSHWIRET SEHEX PR LZZH XBOARY M VIEBEE 7o
WCThHLIO, RTANVF—H5D% ATHEEIE 25 I X-ray-Spectrum-2" 7> & 3K & 7230 cm D 7K

SH6E11H25H
MIBZRIARS: PR R R R %




66 B Ef— - IO

77V N ABEBRAIBEOXBARTZ VDY I 2
L—2aryamRy. Krs, Ko f IV F—m5o
KEZDIKT 7 7§ Dk FZmE 3 IS 1, [
GBI EG L TW W D005, O
(X, ERIEDEERAL LB IR I D = & 0
RELTHEIIKRELRD, BT IHEEORMNIC
Iz <, MEWLE L OEEL X BEoHE X %
HEI Y N T ANORTEZIISEITERE 2o
TWh, L725o 7T, WEHREMIcH#ED 5512
Lo TRBIE THBE DM 255 2 LIERE
REED 1 OTHAHY, B HELERT 2T
HE UTHEHL ) 7 14 LV ADEEA S, Al Cu D
&R 74V 2T A TEIHV STV S,
COJEE, XBERICEET VY EFERE LT
BEEARZ X B AFT T 2 Al R ICHF 5 L
VR AV F— g xR d 5 2 L THIE IR
WEATH HETHLH., L, &7 105 off
M, BMEB LIV EZAVF RO HD %
EEPHIL, BRI I A PDOET 2L
32, WD EIN72 XD ERE T 4V F IS
N5 7:-OEEBREME (LT, TmAs] &9 5)
BREL YT 2 EERIC & o IR
PR BRB2RANBH A, WiET Y T A MOKT
HWET HHEICE, XBART MVOIRIREZE
L&D HENRE SN TV, AHSY 2/ H
5Y 1%, Cu 74 VT BN ABICHEEERL
#TFFAZ LT, &7 4 VY HHBEOET AV
F—RooEnzilz, EEa > I AMOKT
RIS A TEERRE L. 72 KRAESY R
A5, BIAVEF—HOBLOEI AL F—
1555 % BRI B 2: 9 5 FH: & LT, Fig 21278
T LR THAT A X Mo )L F —fEiIC
K Wi & F OB hE 7 1 Vv & OfERDS, #iL<
MEOEREEGEI Y N T A MoREICHEHTH
LI EHERELTWS, LaL, BWiREEEE
B AEE7 4 vy OMHIL, MHIEIZE T A
WE =G OEEEMT 5720, XMHEART |k
NVOWIRZEEZ D EDARTHEARTY FF A b
DIRT 2B CICIERAE 2D 5. BUE, £ < Oftick
(2% K L Tw 5% CR (computed radiography) =°
FPD (flat panel detector) 72 EDT 4 T ¥ Vg
AT AL, a2 — 7 EEE % Fv O R
PRI 2 BB H I3 2 IEBELEIC X D |

BEART Y b T A O ZHiE L CH— DM
IV TANEB/RLAIENTEXSL., L2o T,
Hil L7285k > T X M ORIEDRTIIH L
T, IEBALE 2 AaGbE s 2 L THIEHE
O E Y b I A NOMERTRETH L S
EREE SR TWAMY . UL, ZOFEE Cu
TANWE AT XAV F— 12 XD #IES
BRHOIKT OFE LTI W E £ &
R E SR E LD OTHY, XA
F—I12 & ) BEFHR DK T OREL KEH T
LEWEICBVCR, TORBREPREN TS
EEE AR\,
HERETITON TV EERENEL L, &8
TANVY 2R L ZWBEIMEH SN TS 729,
HEDOFENFA TIEAST 5 XHOL T
RIS L, BRI < MmO BN B R LIC &
LHEERT L T AMDEKTERNTNS., 20
RIS E LT, XMARY MIVOKIT AV F—iK
GEBIAVF -G EIRMICKRETELIES
&7 4 vy OfFRIL, BHREORIE B L HE
Kar b A OMEICENEEZSND Y,
RWFE T, FEHENE L, 2OWIEHE
DL EMERITE e & RS & LT, BRRCff
3% XL A0 F — 518012 K I 2 FF D&
B 7 4y LB L AA b 72305
OMEEHNT, XIS LEBEary b7 A b
DS DO WA WII FPD ¥ AT AT 5
BIEZAREIZOWTHET L 72O THRET 5.

1.0
3 =—=[lncident Filter {-)
= Jllem water
2 ——transmission
=
g
E 0.5
[-™
=
-
=
=
]
=4

0.0

i} n 40 ol B 100

Photon energy(keV)

Fig.1 Comparison of simulated x-ray spectra transmitted
30cm of water phantom and incident.
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Fig.2 Comparison of incident X-ray spectra with different
filters.

Table1 Physical properties of the heavy metal filters used
in this study.

Filter

Filter Atomic number K-edge(keV) thi ckn]css(mm)
Cu 29 9.0 0.125
Gd 64 50.2 0.125
Ho 67 55.6 0.10
Yb 70 61.3 0.07
W 74 69.5 0.09
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Fig. 3 Schematic representation of experiment used in this
study.
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Fig. 4 Placement of regions of interest (ROIs) for image
contrast measurement. A: Vertebral body of the third
lumbar vertebra (L3). B: Soft tissue anterior to L3.

DY RFEHEE L7z
(6 2 - — (1)
22T, Py HEIRD ROI N O340 il
Ps » #REBHLIE O ROI NOFH W HETH 5.

23 AHEXHEEE

AWFFETlE, #IXHEOTRE L L TESD &
R L 72" ESD OIS, 2.28i TIT - 72 Wi 5
a2 T A MOWETHER L - &E O 4
WZHESX NMET7 70 P20 XEMDONMET 7
Y hoaFRH XBEELD590em OAE) 128
5 zedifieE (2850 —~) & EREEREE Tl
EL, KRUTIDEBLZ.

ESD=D,;, X Bere-e- (2)

22T, DIFELAH—~ (mGy), BlIkHHk
LRI TH 5. BIBELREIE, TNk S O k)
5ok 7=

2.4 IREEFME

GlE 74 Vy ORI, Bl ENn X4
BT A NTICRINENL 20, /7 1NV & fifi
HLAWEGICHNTmAsHAIRELC RS, L
7235 T, AT AEERIC L o TLFER A
B GARENH L. RWZETIX, @& 71 V¥
R & e R OER 2 X5 720, 228
TN/ BHEOW G T > T A N HE O SR HE
TRIFIZ V72 mAs 2 S & FE I 2400 mA &
L 72RO R &2 B L 72,

3. #R
3.1 ERhTIRILF¥—

Fig. 5|2 filter (-) L STEEHOEE 7 1 )V ¥ 12B1F
DS RBIL L EIANF—OERERT. ¥
£V, 74NV IOREIIED L THEELSE
(B EERIANTF L ENEER L. FER)
IANF =1L, FEREEBLIIBVWTWIRD
Wi %R L, Cu, Ho, Gd, Yb, filter(-) ®JIH
ARV EZ R L7225, EE&E 7 4 )V ¥ O Ho, Gd,
Yb & Cu lZHARTH I IMREZ IR L 7225,
ZDHEIINE D572, —F7TI100 kV+W DFREE T
T FLHERE TH 585 kV filter (-) 12 TEFI18 keV
DENFRD LTz,



AR FPD ¥ A 7 4 & I 72 EMERN T 52 | 2 A0 5 % a0 70 MU O 69

(0]
B o filter(-) = Cu +Ho - Gd = Yb -=W
-
-
]
=
-]
w —
=, 45 e
2 ————— e
T e e e
] — _—::_ — e
EN —
£

.

£ 3 - N
&

An

80 Bs L 95 1

Tube voltage (KV)
Fig. 5 Relation of effective x-ray energy to filters and tube
voltage.

Relative image confrasi
e = =2 = B =
B i = * ®m B
W ——

Fig. 6 Comparison of relative image contrast for each
combination of tube voltage and filter, normalized to the
image contrast at 85 kV without a filter.
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Fig. 7 Comparison of relative entrance surface doses for
each combination of tube voltage and filter, normalized to
the entrance surface dose at 85 kV without a filter.
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Fig. 8 Relation of relative image contrast to filters and
relative entrance surface dose.

In this figure, black shows 80 kV, red 85 kV, green 90 kV,
blue 95 kV, and pink 100 kV.
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Fig. 9 Comparison of lateral lumbar spine x-ray images
taken with Cu filter, Yb filter, W filter, and without a filter.

(a) 85 kV filter(-) (b) 80 kV+Cu (c) 85 kV+Yb (d) 85
kV+W
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Fig. 11 Relationship between different incidents X-ray
spectra (85 kV+Yb, 85 kV+W) and the linear attenuation
coefficients of cortical bone and soft tissue.
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Fig. 12 Comparison of lateral lumbar spine radiographies
taken with different tube voltages combined with a Cu
filter.

(a) 80 kV+Cu (b) 85 kV+Cu (c) 90 kV+Cu (d) 95
kV+Cu (e) 100 kV+Cu
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