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Effect of High Tube Voltage and Scatter Ray Post-processing Software on Image
Quality and Radiation Dose During Chest Anteroposterior Radiography

Jong-Seok Kim"-Young-Cheol Joo?-Seung-Keun Lee?

Y Department of Radiology, Gangnam Severance Hospital
D pepartment of Radiology, Samsung Medical Center

Abstract This study aims to present new chest AP examination exposure conditions through a study on the effect on im-
age quality and patient dose by applying high tube voltage and scatter ray post-processing software during chest AP ex-
amination in digital radiography equipment. This study was used a human body phantom and in the chest AP position,
the dosimeter was placed horizontally at the thoracic spine 6, The experiment was conducted by dividing into a low
tube voltage (70 kVp, 400 mA, 3.2 mAs) group and a high tube voltage (100 kVp, 400 mA, 1.2 mAs) group, The collimation
size (14X 17") and the source to image receptor distance(110 ¢cm) were same applied to both groups, Radiation dose
was presented to dose area product and entrance surface dose. Image quality was compared and analyzed by comparing
the difference between the signal-to-noise ratio and the contrast-to-noise ratio of the image according to the application of
the scatter ray post-processing software under each condition. The average value of the entrance surface dose in the low
and high tube voltage conditions was 93.04%0.45 uGy and 94.25%1.51 uGy, which was slightly higher in the high tube
voltage condition, but the dose area product was 0.9740.04 #Gy and 0.93%0.01 #Gy. There was a statistically significant
difference in the group mean value(p{0.01). In terms of image quality, the values of the signal-to-noise ratio and the
contrast noise ratio were higher in the high tube voltage than in the low tube voltage, and decreased when the scatter-
ing line post-processing function was used, but the contrast resolution was improved, If there is a scatter ray post-proc-
essing function during chest AP examination, it is helpful to actively utilize it to improve the image quality. However,
when this function is not available, I thought that applying a higher tube voltage state than a low tube voltage state will
help to realize images with a large amount of information without changing the dose.

Key Words : Chest anteroposterior radiography, Scatter ray post-processing software, Low tube voltage, Higher tube voltage,
Signal to noise ratio, Contrast to noise ratio

8 B &7 A AL AP 3R] o], ARdst, aedsh Ale o f2m), thee o fE)

|. M & oA AR Ak 9l A= (cardiac size; CS), A4
o] Jefists], 7|54 oAt 1|l FAFY, e,
T YA AAL GAHchest radiography; CXR)2 ¥ B 59 Az 7]EAQ1 Adt &l 3| ui-$- 585

Corresponding author: Young—Cheol Joo, Department of Radiology, Samsung Medical Center, 81, Irwon—Ro, Gangnam—Gu, Seoul, 06351,
Republic of Korea / Tel: +82-2-3410-2530 / E-mail: skulljoo@naver, com

Received 14 June 2021; Revised 27 June 2021; Accepted 16 August 2021

Copyright (©2021 by The Korean Journal of Radiological Science and Technology

W7 & 20219 Al449 Al4E - 295



AEA-F94-ol5
o}g151 Q= TS Al FAIeHL2), o] 2 . CHAY 2 b
A e Akl M vlg, ekl AP B
B o) TEES 20 Y PR BRI £ AR | oy
o] QIrh3s,4]. dukg oz CXRE A ZpAlol|A] Ate] C T <
ZoA] 7} HgRo 2 XAS 2AlEle T 5. Ausk A H &J3Lo)| A= Whole Body Phantom PBU-50(PH-2,
AHchest posteroanterior projection; chest PA)S &3} KYOTO KAGAKU, JAPAN)%Z &% X XH(chest part of
A, A A ofel BA9] A9 ghe A4 iz vhzy.  phantom: phantom) & SO Shglon, XAl WA

L AAlo|A FH A - THEFH AN chest anteroposterior
projection; chest AP)E A|3§3}A| EH5-7].

THL 7]_7] q_e 1:1154 11—7]201 THJ—Q];/P— 5'_7]_01] o]
7] ol 7t 7|5 St Age] AT WALE 9
A ]9 BEETL =2 ito] QLE) o] S $Jal chest
PA ZAF Aol & TSRO A 9T, AR
AT Aoz fag Fol7] sl =214 AxHgrid)= A
S, UYL AFE-S XA HAL HabA sto] Bto]
o el 9le] dEE A} ol S Fol 4 8

HU

& 527 sto] Aoz HE U WHS ®y] 47 3}
7] oJsliAoltH8]. E3t w2 A|7ke] Tyl A% 32

o} shRe] PgEs Yol Mgkl slje} wZ A gha
XAe) Hept At Aol A9l SHAIRE, chest
APE 9J9} 7ke. zH o] ALE]7|o)l= ALl EXAL B1A
7} 9Jtt. chest AP= A ZpA|7L o2& AL Adsk= AL

==

o] EMAF vl o2 o) =8 Arel] 2 EF|o]o] ke =}
AlefiA] AP A= e A AR ARgef ofeteol 9l
ou Boly AE x}%} 9ol xAee] F4 A3} 4

A F4e) B
Cut—off TAO R
EEREER L
3 A} 2

XE

708 BUA Fom WA
gt g’rZ1 A3t7} “a
=] Ao A= E8F Z
&S 93 AkeAd BA

FA ]\"‘E'ﬂlo’](&mgrld) 7} 7HHPQ
QJatol| 243 QJrH10,11]. o]X Y Au] & AZES)
oje} el Baal, FARxA0] 7120 BE/AT™
AlAEl(film—screen system; F/S system) ¥} F-AFSH| o]
HAY, YRE WAMAEAR - (digital radiography
system; DR system)o] ZgFst ZALZA 71& AF glo]
ARGk Slo], BAHe] S E M Z7ke] Welo] = g
tHi2l,

ofof & Atox= HAE AN AAR

AP ZAF Al LR} AlRH] A7 X E
Al go] s} 2x} v mA|= =
Ao 983} Y2& chest AP HAF 270
Algskarat g,

O

H]|o]|A] chest
gote] A
o}i_]_ OMP
gt R =

296 Journal of Radiological Science and Technology 44(4),

]+ GC 85A(Samsung electronics, KOREA), A8 &3
2 Unfos Xi(RaySafe, SWEDEN)S AR&-35}3 T

2. g4 4Y
D A¥ W
Phantom-S FA =8| (detector) o] HIZ FIA} A2

92| A 7] 3L, phantom®] F&F ¢ F3= 6¥(6™ thoracic
spine; T6) 9|20l AFAE 722 YAXAZ . AR
ATAH(70 kVp, 400 mA, 3.2 mAs)@} TIHALK100 kVp,
400 A, 1.2 mhs) 2 F-H510] ZARBIAL 24 XA A
& T6 A= &l 4 JASIAAL, ZAfoF A27]= 72 14
inch X A& 17 inch, Z23]-94-84] 7+ A2 (source to
image receptor distance; SID)+= 110 cn2 FYUsH| #-&
SFtHFig. 1(a)], G252 A aabdh 229
A| Simgrid A& & 217¢ 303] 9] JAFS- 3

- 3.0] Abejoi ] 2
=3tgict,

F(dose area product; DAP)2} YA}
HEH A& (entrance surface dose: ESD)E =4313+=0,
DAP+= AH|o| A 3EASh= g 0831310, ESD= RI%A|
AFA N AASHE 4= 7153k

3) 3ha w4
7 2N HET YAE SimgriaZ A43 G4 A
§olA) g Ao TEstol vl BAshgich

[
Image J(Ver, 1, 46r, National Institutes of
Health, USA)E o|-835}o], A& tf] Z-2H|(signal to noise
ratio; SNR)2} 2= o] %-2H](contrast to noise ratio;
CNR)E A5t
SNR, CNR &4 ¢gt #A Y (region of interest;
ROD+= 8 mn X 8 mn 7|2 & {—(715 Hlof, 5&)ollA]
=731, SNRI} CNR2 2|(1), (2)¢} 22 oz
Aksisict

2021



AmEYo] Ago| sHnt M) XL JF

| A2t AU F B v

S|
R g3 ‘]°ﬂ/\1 DAPQ} ESDE| FfH|uEA42 SYEE
A7 (independent t—test)S ©]-835Fc},
SNRI} CNRLZ ROI &4 HQJo)lA ZAIZA ¥ Simgrid
Ag - Foll o Hatgke LR EAREA (one—way
ANOVA)Z o8-8t vlastylon, AL Duncang
28530k,

EA TR 7S SPSS(version 22.0, SPSS, Chicago,
IL, USA)E ARSI, Fo0<E(a) 0.05, F2ZHE(p)
< 0.050]5k= frofet Aoz dAsHeh

()

Fig. 1. Description of the experimental method

(a) is a photograph of the dose measurement method. The
phantom was placed in a supine position on the detector and the
dosimeter was placed horizontally at the thoracic spine 6th (T6)
position above the sternum of the phantom, The X-ray incidence
point was vertically incident toward the point T6, and the field
size was applied equally to 14" horizontally, 17" vertically, and
the source to image receptor distance (SID) of 110 m. (b) to (d)
are images of region of interest (ROI) measurement, Image quality
was measured in the airways (b), lung fields (c), and ribs (d)
with a size of 8 mm X 8 mm,
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I}, ESDi= A¥AYollA 93,04 +0.45 pGy, L3Skl A]
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37.67+0.53 dB, 13.61+0,06 dBo|$lom, SimgridS 283t
749-0]i= 83,0840,49 dB, 28.26+0.43 dB, 12.22+0.05 dBE
et

ARGl A SimgridE A8-8HA] ¢ 7499 7]%=¢} ¥

oF LSZo4 SNR P—g 56.41+1.27 dB, 40.90+0.56 dB,
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7} Aol A A9t Simgrid 4§ - - Fof] T SNR
O] Ftgke] Aol= FARLCE {3k ZolE Hlo
(0€0.05), AFAHAANA = 2t T1Fo] 538 4Q Ao g ve
STHTable 2), (Fig. 2).
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Table 1, Comparison of measurement dose comparison with changing in tube voltage

dose type kVp n mean + SD(xGy) min max t p
1 4+ 0.4 2,21
5D ('>w 93.04 £ 0.45 92, 93.88 4182 0.01
high 30 94,25 = 1,51 91.51 96.50
AP low 0.97 £ 0.04 0.97 0.99 15.149 001
high 0.93 + 0,01 0.90 0.96 > '

1. ESD is entrance surface dose, DAP is dose area product
2. ‘p is calculated by independent t-test

3. The parameter of low and high kVp is adapted 70 kVp, 400 mA, 3.2 mAs and 100 kVp, 400 mA, 1.2 mAs,
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19.26£0.08 db¥} 17.28+0.08 db, ¢Hdefe] A= o Ftghe] Aol= FAHOR Fofgt HolS W
20,4140.14 dB¥} 18,4140,12 dB= LhEpylTt, (p€0.05), AR M 2t TFo] SAQl A o8 e
Z+ 2ol A BALT} Simgrid 2§ & - Fofl w2 CNR WCHTable 3), (Fig. 2).
Table 2, Comparison of SNR, CNR results with changing in tube voltage
1/Q location kVp Simgrid n mean+SD min max F P
o 0 33.08 = 0,49i 32.27 34,03
trachea X 1859 = O'7Sh 47.57 .72 4072.334 0.01
high O 39.50 £ 0.80d 38.07 41.03
X 56.41 = 1,27 52.75 58.61
low o} 28_26 :_: 0.43" 22,58 29.32
SNR ! X 37.67 £ 0,53 36.80 38.79
(@B) lung field ' 5 30 3352 & 044" 32,40 3424 3580.001 0.01
bigh X 40,90 + 0,56° 39.66 42,42
o) 12.22 + 0,05 12,09 12,34
low X 13.61 + 0,06 13.49 13.73
rib : s i i 4169.995 0.01
high O 13.02 £ 0,08d 12.87 13.26
X 14.43 £ 0,10 14,23 14.68
1. SNR is signal to noise ratio, CNR is contrast to noise ratio.
2, ‘O is mean with Simgrid, X is mean without Simgrid
3. ‘p is calculated by one-way ANOVA and post-hoc is used by Duncan
Table 3, Comparison of SNR, CNR results with changing in tube voltage
1/Q location kVp Simgrid n mean+SD min max F p
low O 43,70 = 0,58 42,72 44,85
trachea X 4670 % 0,427 .90 17.62 1539.781 0.01
high O 48,50 £ 0,74 47.17 49.72 ' ’
X 55.16 + 0.87° 53.09 56.89
low O 39.97 :_: 0.612 39.00 41.46
e e o BZIGL P ME sy oo
high J
X 57.84 + 0.80 56.09 59.99
O 17.28 = 0.08" 17.10 17.45
Low X 19.26 + 0,08° 19.08 19,42
tib : e : § 4169.995 0.01
high ¢} 18.41 =+ 0,12‘ 18.20 18.75
X 20.41 + 0.14° 20,13 20.76

1. SNR is signal to noise ratio, CNR is contrast to noise ratio,
2, ‘O is mean with Simgrid, X is mean without Simgrid
3. ‘p is calculated by one-way ANOVA and post-hoc is used by Duncan

@ (b) ' © (d)

Fig. 2, Comparison of the image of experimental results

(a) and (b) images were acquired at low kVp, and (c) and (d) images were obtained at high
kVp. (a) and (¢) was not applied the Simgrid but (b) and (d) images with Simgrid. The parameter
of low and high kVp is adapted 70 kVp, 400 mA, 3.2 mAs and 100 kVp, 400 mA, 1.2 mAs,
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