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Study of the relation between kVp and X-ray tube output of general X-ray machine

at Hua Hin Hospital, Prachuap Khiri Khan
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Introduction: X-rays are used to diagnose abnormalities in body. However, during radiographs patients will receive
radiation doses. As X-ray machine has different quantities and quality of X-rays, it is therefore important for

radiological technologists to set radiation doses for particular patients.

Objectives: To study the X-ray tube output for general x-ray equipment and to evaluate radiation dose of patient at

Hua Hin Hospital, Prachuap Khiri khan.

Materials and methods: Relationship between kVp and X-ray tube output of the X-ray machine (Shimadzu
HD150B-30 SN: 6114462, Philips Duo Diagnost SN: 04612 and Carestream DRX Revolution SN: 0722) was studied.
Entrance surface air kerma of patients exposed from general X-ray machine was evaluated according to the guidelines
of IAEA TRS No. 457.

Results: Regression of output from Shimadzu HD150B-30, Philips Duo Diagnost output, and Carestream DRX
Revolution was 0.003707 x kVp-0.137668, 0.003598 x kVp-0.134144, and 0.003712 x kVp -0.136235, respectively.
ESAKs of Skull AP 1.37, 1.32, 1.18 and lateral 0.86, 0.83, 0.90 mGy, chest PA 0.13, 0.12, 0.06 and lateral 0.80,
0.77, 0.64 mGy, T spine AP 1.85, 1.83, 1.33 and lateral 8.80, 8.52, 7.22 mGy, abdomen AP 1.94, 1.88, 1.37 mGy,
LS spine AP 2.16, 2.14, 1.55 and lateral 10.99, 10.64, 8.32 mGy, pelvis AP 1.55, 1.50, 0.96 mGy and hip AP 1.32,
1.28, 0.75 mGy were observed from Shimadzu HD150B-30, Philips Duo Diagnost and Carestream DRX

Revolution, respectively.

Conclusion: ESAKs of this study were lower than dose reference levels of IAEA.
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Figure 1 Measured x-ray tube output.
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\w3egianeisd Shimadzu 3w HD150B-30 WanolawiAes
6114462 1eRaan3 Philps 4 Duo Diagnost VanglamLeles
04612 uax m’%'a\‘u,aﬂsmﬁ Carestream ’g"u DRX Revolution
wanpee3es 0722 lage3ariaUSinasid RTI electronics
AB model barracuda i@ field size 10 cm.x10 cm. 38y
FDD=50 cm. §36n exposure 50 kVp 10 mAs, 60 kVp
10 mAs, 70 kVp 10 mAs, 80 kVp 10 mAs, 90 kVp 10 mAs LLaZ
100 kVp 10 mAs \NafwImARN Air kerma (K(d)) AyEuNIn 1

K(d) = MN_ K Ky oo, (Eq. 1)

KQ "Q

&

)
Kd) Air kerma #i38 mR %38 mGy

FLafeVadd dosimeter reading %ig mR 138 mGy

=4

1 & v
N, @1 CF (calibration factor) 284 dosimeter F9lean

MINBUNIATZIN
K. sudanuuandnsluminauanadvas dosimeter (= 1)

K, fwigmrnldanuas AIFNATN 2

tp

273247 |( P,

e el [l I (Eq. 2)
2732471, \ P

)

T, =20°C

P =101.3 kPa

T =qmﬁgﬁmaaﬁaa

P = @NNAUVIREY

MIFWIMUAT X-ray tube output h38 Y(d) A NAN
Air kerma w3628 mAs AIRNNNTN 3

a

2. m‘sﬂsuﬁuﬂ‘%u’nm%’aﬁﬁmé’ﬂ’mmnd'mmw
Lanai5eialyl

2.1 dszEnsuazamianiagnd Usans Ae ahmu;jﬂ’m
funsunistrsnintengLssna ldAlsoweuiawa i
F9nIaUsz0ATTUT 1u 1 Jeudseunm 1 A8AN 2558
fl4 30 Aup1oU 2559 IwradratadwImlasligas

Vol. 50 No. 3 September 2017



MITWIUVBIABUATH (Cochran)® adauNIN 4

ny

N=—————— i (Eq. 4)
(ny —=1)

1+
N

A

W

n ﬁamm@"uaméjm”’saf;mﬁﬁaoms

A
N AavwaYdYIzTIng
P o A o
n =384 NIzaAUANNULTNW 95%
A P P o W o
(e) ﬂaﬂ')’]“ﬂa’]@lsﬂaﬂu'ﬂﬂauiﬂv[@ =0.05

LRZUUIAAIDENIFIUI D LAAIANTIIN 1

Table 1 Calculated sample size.

Position Population Sample size
Skull AP or PA 651 242
Skull LAT 546 226
Chest PA 24,122 378
Chest LAT 80 67
T spine AP 281 163
T spine LAT 281 163
Abdomen AP 3,113 342
L-S spine AP 1,881 320
L-S spine LAT 1,929 321
Pelvis AP 451 208
Hip AP 808 261

22 NARDLUANNAAALARBWBIAIDINDIATEEZNNG
vassanaLslmMwanTLsEiRas (Digital radiography; DR)
lastana 3l collimator test plate (ﬂitﬂqﬂ@ﬂ"ﬁlﬁad%’m
finevianaansatamwenasgiimudusauainasiols)
@Tmm‘%‘am,aﬂsmﬁ Shimadzu HD150B-30 (60 kVp, 5 mAs,
FFD 100 cm) MowrwnagauldidmnasiarwwLazaIan
AuunLdnsenmsd uaznageugIeIunSOnTLIE Ua
MHUHUNAROUYNYA 45 89N RAINNFINWANTTULUA?
Dagnwianaisy uiltie3esiialsusavosmonduas
Sases 2 om ULEHNATIANS 5 90 A8 T8 YN NAW U
WA LRSNARAUNL bucky stand G9NagoULAE aurwLA
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23 A nuwIZaInth msﬁmﬂm%ﬁ'l&ivlﬁﬁﬂu;jﬂam’ia
LL@il*’ﬁgﬂLLuumiﬁ‘haaa%a’i’mxmmalumwLaﬂsmiﬁﬁaﬁ
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W% 226 MW Chest PA Jaanunmnluniwianalss
Chest LAT §142% 378 AW Chest LAT 1aanunwlu
AwLanaLsg Chest PA d142% 67 AW T spine AP
Jaanunnlunwanslss T spine LAT 113% 163 A
T spine LAT Taanunw luawienaiss T spine AP
1w 163 MW Abdomen AP Jaanuvm M wanGLse
Abdomen LAT 91%43% 342 AW L-S spine AP 1NUNRUN
Tunwangise L-S spine LAT a1 320 MW L-S spine LAT
Jaanuninlunnienaise L-S spine AP $1w 321 M
Pelvis AP Jaanuwm lunwianaise Pelvis LAT 3113%
208 MW LAz Hip AP 1aanuninlumwianaiss Pelvis LAT
@349 Head of femur 41147% 261 AW

2.4 awrnedINmI9® druamudn Entrance Surface
Air Kerma (ESAK)® ynmIthamwanaaslaoedasenise
Shimadzu HD150B-30 Lﬂ‘éadLaﬂﬁﬁLiﬁ Philips Duo Diagnost
Wae Lﬂ%iadl,aﬂmiﬁ Carestream DRX Revolution 31011
MIATIENDLIE Skull AP 1138 PA, Skull LAT, Chest PA,
Chest LAT, T spine AP, T spine LAT, Abdomen AP, L-S
spine AP, L-S spine LAT, Pelvis AP uaz Hip AP @T@aumsﬁ 5

FoD )

ESAK = Y(d) X mAs X| —— | XBSF .... (Eq. 5)
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Tug uAa UM TANINANUTURHETZRINIA kVp T
X-ray tube output yaginIaaenostiialy Ussanmenidu
wnlinlagldmiiinnsinsnansgedisieianagay
ANMNFNNWSLTILFU9Ia BRI (kVp) nudwLIanw
(X-ray tube output) LAZFEIWIWAIRNNTOANDLLTILTFUATI
LRTNARILAMWANZAENIBIFUna0asTle (Nanagay
FUNNINANRLINRINITRET U LA NNFUN TR INIA UL
goinulsladiiesla wazanusaltannisnanaslunns

Table 2 X-ray tube output.

Muwsuartszanmeiaulsay (X-ray tube output) 6t
1 a a a A 1
atn9dysz@nsnnniald

NaN1SANE

o % 6 1 %
1. HANIANBIANMNTNNHEVDIAT kVp NU X-ray tube
a & o
output 2adtATadlanaLIEn 1l
1.1 WANTTIA@ f1 X-ray tube output LRAIAIANTIIN 2

X-ray tube output or Y(d) (mGy/mAs)

kVp mAs
Shimadzu HD150B-30 Philips Duo Diagnost Carestream DRX Revolution
50 10 0.0505 0.0475 0.0522
60 10 0.0796 0.0770 0.0826
70 10 0.1213 0.1196 0.1225
80 10 0.1609 0.1583 0.1631
90 10 0.1958 0.1923 0.1981
100 10 0.2332 0.2304 0.2346
1.2 wan1vdszunuan LﬁuLLuﬁIﬁMIﬂ ﬂl%ﬂﬂiaLﬂiﬂ:ﬁﬂﬂiﬂ@ﬂaﬂaﬂ"ldx‘i’w LLE"(@G@MGW’]‘SNﬁ 3-5
Table 3 Simple regression analysis of Shimadzu HD150B-30.
Constant/ Variable b SE, B t p value
Constant -0.137668 0.003 -44.291 0.000
kVP shimadzu 0.003707 0.000 0.999 91.731 0.000

SEgq = + 0.0029279

R = 0.999; R® = 0.998; F = 8414.582; p value = 0.000

ANANITIN 3 X-ray tube output V8ILATBILENDLTE
1121 Shimadzu 3% HD150B-30 WNHLATLATDY 6114462
P v o go A @ a a o o g
fanuaunWninual kVp lasfidgulssAntanaunus
0.999 UATRINITANYINTALAT X-ray tube output |¢
Souas 99.8 advlnsdannN1Iaianszay 0.05 lag
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JenuaaainRounasIRlunIwennsallyny +0.0029279

& 4 ry '
LLRERUNIINLINTITUAN X-ray tube output tNaNIILAT kVp
Ao

X -ray tube output =(0.003707 X kvVp) —0.137668 (Eq. 6)
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Table 4 Simple regression analysis of Philips Duo Diagnost.

B t

Constant/ Variable b SE, p value
Constant -0.134144 0.003 -45.489 0.000
kVD phiiips 0.003598 0.000 0.999 94.599 0.000

SEgq = + 0.0028439

R = 0.999; R® = 0.998; F = 8949.009; p value = 0.000

mnms’mﬁ 4 X-ray tube output maam%iam,aﬂfmz]‘
vi7ly) Philips §% Duo Diagnost WangLauLATEs 04612
fanuauwuinudn kvp lasfdngulssantanaunns
0.999 LAZENNITANIINTOIAN X-ray tube output &
Jouar 99.8 agafitbdAynafafiszdu 0.05 lay

ﬁm'}mm@]mﬁaummgmlumswmmtﬁwi'm"’u +0.0028439
WRSEUMINENNTDIAN X-ray tube output LBNIILAN kVp
A

ok

X -ray tube output=(0.003598 X kVp) — 0.134144 (Eq. 7)

Table 5 Simple regression analysis of Carestream S;u DRX Revolution.

B t

Constant/ Variable b SE, p value
Constant -0.136235 0.003 -54.143 0.000
kVP carestream 0.003712 0.000 0.999 113.477 0.000

SE,q = + 0.0023702

R = 0.999: R? = 0.999; F = 12877.023; p-value = 0.000

ﬁ]’m@l’lﬁ\‘i‘ﬁ' 5 X-ray tube output maam%amaﬂﬁmﬁ
Lﬂﬁlau‘ﬁl Carestream i;u DRX Revolution ‘Hmmamﬂ%ad 0722
fanuaunutnua kvp lagfanaulszantansunus
0.999 ULAZEINITONIINTOLAN X-ray tube output 1o
$ouar 99.9 agsdundAynIaianzay 0.05 lag
ﬁmwﬂmﬂmé‘aummgmslum'm ENNIALYINAL +0.0023702
WRLENNNTWENNTBLAN X-ray tube output \onyuen kVp

Table 6 Test results of the distance measuring tool.

A

)
X -ray tube outout =(0.003712 X kvp) —0.136235 (Eq. 8)

a a > 'A U 1
2. Namiﬂszmuﬂimmsaﬁﬁmg\l‘ﬂ'mmﬂmﬂmw
x>
vonsLIeNa 1l
2.1 HANINARIUANNAAIALARDUYDIATBINDIATEOEI

&' 6 a al
NMWLBNTLILABDT LRAIAIATTNNN 6

Measured 2 cm at 5 points (mm) Error

Collimator test plate 0
Left Right Center Top Below (%)
FFD 100 cm parallel and perpendicular 20.50 20.54 20.50 20.50 20.50 2.54
FFD 100 cm 45 degree 20.60 20.60 20.60 20.06 20.64 2.50
FFD 180 cm parallel and perpendicular 20.58 20.60 20.60 20.60 20.60 2.98
FFD 180 cm 45 degree 20.38 20.38 20.60 20.26 20.64 2.26
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pasmanduTlumwianaisdfenslaiin 4% aglunasgu

a4 Institute of Physics and Engineering in Medicine

Table 7 The patient’s thickness measurement results from the x-ray image.

PNANTHN 6 ANUANALAREUVBILATBINDIATLLZNNI

(IPEM)*

2.2 wamﬁﬂmwwmmmgﬂm URAIAIANTIN 7

Position Number of images Average (cm) SD
Skull AP or PA 242 21.06 0.77
Skull LAT 226 17.82 0.73
Chest PA 378 22.75 1.29
Chest LAT 67 33.14 1.70
T spine AP 163 22.49 1.08
T spine LAT 163 31.61 1.24
Abdomen AP 342 20.50 0.85
L-S spine AP 320 19.75 0.74
L-S spine LAT 321 29.35 1.30
Pelvis AP 208 20.48 0.58
Hip AP 261 19.67 0.82

2.3 HAMIAIUIT A1 ESAK ﬁ@ﬂw"lﬁ%’mrmmimﬂmw
& o A o A % o AA v &
LNTLIEN A LIINDIUIRRIRY F9WIAUITZIIVATTUS

Table 8 ESAK of Shimadzu HD150B-30.

NAIBIONTLSE Shimadzu % HD150B-30 ANELRULATD

6114462 UFAIGINNTIIN 8

Patient Bucky
FDD FFD FOD ESAK
Position kVp mAs thickness thickness BSF
(cm) (cm) (cm) (mGy)
(cm) (cm)

Skull AP or PA 70 20 50 100 21.06 78.94 5.8 1.4 1.59
Skull LAT 65 16 50 100 17.82 82.18 5.8 1.4 0.99
Chest PA 85 5 50 180 22.75 157.25 3.0 1.4 0.13
Chest LAT 90 25 50 180 33.14 146.86 3.0 1.4 0.83
T spine AP 80 20 50 100 22.49 77.51 5.8 1.4 2.16
T spine LAT 90 60 50 100 31.61 68.39 5.8 1.4 10.50
Abdomen AP 75 25 50 100 20.50 79.5 5.8 1.4 2.26
L-S spine AP 80 25 50 100 19.75 80.25 5.8 1.4 2.51
L-S spine LAT 90 80 50 100 29.35 70.65 5.8 1.4 13.05
Pelvis AP 75 20 50 100 20.48 79.52 5.8 1.4 1.81
Hip AP 70 20 50 100 19.67 80.33 5.8 1.4 1.54
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NANTITATWIL A1 ESAK ﬁpjﬂwvlﬁ%'umnmi NNATadienatss Philips 3% Duo Diagnost AULLAVLATDI
TNUMWBNDLTEN WA SIWELNaWITL 29IWIALTZIILATTUS 04612 LEAIAIANIIN 9

Table 9 ESAK of Philips Duo Diagnost.

FDD FFD Patient FOD ESAK
Position kVp mAs thickness BSF
(cm) (cm) (cm) (mGy)
(cm)
Skull AP or PA 70 20 50 100 21.06 78.94 14 1.54
Skull LAT 65 16 50 100 17.82 82.18 14 0.96
Chest PA 85 5 50 180 22.75 157.25 1.4 0.13
Chest LAT 90 25 50 180 33.14 146.86 14 0.80
T spine AP 81 20 50 100 22.49 77.51 14 2.14
T spine LAT 90 60 50 100 31.61 68.39 14 10.17
Abdomen AP 75 25 50 100 20.50 79.5 14 2.19
L-S spine AP 81 25 50 100 19.75 80.25 14 2.48
L-S spine LAT 90 80 50 100 29.35 70.65 1.4 12.63
Pelvis AP 75 20 50 100 20.48 79.52 14 1.75
Hip AP 70 20 50 100 19.67 80.33 1.4 1.48
WNANITAIWIDE A1 ESAK ﬁla’ﬂa o'l@uannsdne niaadienanss Carestream 34 DRX Revolution Bagiay

MWD WA LSINENLIRWIRY 3IWIAUTZAIUATTUT LA389 0722 WRAIAIANTIIN 10

Table 10 ESAK of Carestream DRX Revolution.

Patient
FDD FFD FOD ESAK
Position kVp mAs thickness BSF
(cm) (cm) (cm) (mGy)
(cm)

Skull AP or PA 65 20 50 100 21.06 78.94 1.4 1.37
Skull LAT 60 20 50 100 17.82 82.18 1.4 1.04
Chest PA 20 2 50 180 22.75 157.25 1.4 0.06
Chest LAT 20 20 50 180 33.14 146.86 1.4 0.67
T spine AP 75 16 50 100 22.49 77.51 1.4 1.55
T spine LAT 80 60 50 100 31.61 68.39 1.4 8.62
Abdomen AP 70 20 50 100 20.50 79.5 1.4 1.59
L-S spine AP 75 20 50 100 19.75 80.25 14 1.80
L-S spine LAT 20 60 50 100 29.35 70.65 1.4 9.88
Pelvis AP 66 16 50 100 20.48 79.52 1.4 1.12
Hip AP 60 16 50 100 19.67 80.33 14 0.87
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Figure 2 Compared relation of kVp and x-ray tube output.
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Table 11 Compare the ESAK.

ESAK (mGy)

Position Shimadzu Carestream DRX DRL of IAEA (mGy)
HD150B-30 Philips Duo Diagnost Revolution

Skull AP or PA 1.59 1.54 1.37 5

Skull LAT 0.99 0.96 1.04 3

Chest PA 0.13 0.13 0.06 04

Chest LAT 0.83 0.80 0.67 1.5

T spine AP 2.16 2.14 1.55 7

T spine LAT 10.50 10.17 8.62 20

Abdomen AP 2.26 2.19 1.59 10

L-S spine AP 2.51 248 1.80 10

L-S spine LAT 13.05 12.63 9.88 40

Pelvis AP 1.81 1.75 1.12 10

Hip AP 1.54 1.48 0.87 10
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