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ABSTRACT

Low energy x-rays that occur in the low tube voltage radiography of general radiography are absorbed strongly
in the body and do not aid image quality enhancement. This study maintains titer in general radiography while
using tube current that are proportional to density and the tube voltage 15% principle according to density to
reduce patient exposure doses, and area doses and entrance surface doses were measured to compare patient
exposure doses. In hand, knee, abdomen, and skull radiography, kVp was increased to 115% and mAs was
decreased to 50% and kVp was decreased to 85% while mAs was increased to 200% and area doses and entrance
surface doses were measured to compare relative doses. Also, 5 places in each image were set, density was
measured, and Kruskal wallis H test was conducted to observe significance probabilities between groups. To fix
density, kVp was increased to 115% and mAs was decreased to 50% and after measurements of mean area
doses and entrance surface doses were made by each part, each decreased to 58.68% and 59.85% when standard
doses were set to 100%, and each increased to 147.28% and 159.9% when kVp was decreased to 85% and mAs
was increased to 200%. Comparisons of density changes showed that hand, knee, abdomen, and skull radiography
all displayed significance probabilities>0.05, showing no changes in concentration. Radiography that increases kVp
and lowers mAs through reasonable calculations within ranges that don’t affect resolution and contrast seems to

be a simple way to decrease patient exposure doses.

Keywords: kVp, mSv, Area dose, Entrance Surface Dose, Analysis of variance

I . INTRODUCTION

T‘,ﬂ:o]; o A oﬂALAsLﬁA}oﬂ q]tsl- H| =&
it ©]
I o 7}oh e
Astel omA| 28-S 2tE ekl S
ol Hrka Bk
h Egh UNEAR G @ atekel 213 2000 HaLA]
T A2 fF8] FFHANA FAEe] Aol vt
10~100HH7}7<1 Aol 7b grkar spglom, o= &}
Aixqak 7] 9 %3/\3% ]3};}[1] e
J\':'__‘__
O

= 95%% AFA| 8t

W% w29 oH] E4oA= hxle] o 53| Zo]
ApALAALA O o5k wRle] 9E 7)ol dfs
= RAow Huiya Qub Aok = 20073
RE 20119 5A7Ee] FgkS BA oz ah= WARA
AN A 57 AAASRE 35%%7 e g, F
Al AzF Aehg AR I E 2 20079 0.93
mSvel A 20113 1.4 mSvE 597k 51% 748kt
3w galelthl wel A7k W EM 14 mSvel A
gutEodo] 044 mSvE 32%9] A3k &)
OB AgAl o) A S A8 A Al
1

r_>L rlr mo

LNT(Linear-Non-Threshold) %

2=
] /H]7:ﬂ7§]_0_§ ZFed WARA the-o 2 et 2006 &3k Ak o]zl e ojH Wyt 9l BEAE
o] gltk= FolH, Faxt) Qbdgh Mo glvh+
987

* Corresponding Author: Eun Bo Kang

E-mail: kebwind@dit.ac.kr

Tel: +82-10-6503-9102

Address: Department of Radiological Science, Dong-Eui Institute of Technology 54 Yangji-ro, Busanjin-gu, Busan, Korea



A Comparison of Density and Patient Doses According to kVp and mAs Changes in General Radiography

o,
o
i
k)
[d
it
ok
>
>
t
Y

o W
o
ol
ol
i
Hooe
O
o
~
Dol
=2
>
b

>, o
2
©

o rlo
f-
X
o
=
S|

ri 2

il

ol :12

o,

%

N

N,

o M
o flo
I 1o
o 2
f
v}

c ool

o} 2L

N

5(‘ e
-2

2 orr ol
)
o,
~

pul
s M rlo nZ b
o2
o
S
i,
k£
o)

) r&
=l
il
o
ol e

o

LN

i)

o

Ho

X

ol

B
S

£ oo

JZizh

i
o )
o
N

o]
—_>‘ﬂ4

b

-0,
-
2
o
QL
rlr
=l
a2

o 41

r‘;l
o u
2
>
rlr
X
N
LN
 C
ftlo

e fe
2 e
ERST

ol
ol
)
R
|
2
(]
9
o~
Er
>
N

rr )
o
o Hu

i

)

X

2

ot

tilo

1 N e

e

X

e
rJ
2
A

— o
i
N

3 rir

2 N

2

Eri:ir>

e b & o & oW XN H A o do
9 ol
o = N T
=z o &
vy 2
o, oA T
off
=
il
Jo
>
_O‘L
g
>
riet
Y
o

Lo & oot off o kol o fo

o

BN

B

o

2

S,

i

kl

Y

ol

¥2

o
2 e 2o
P
oy

II. MATERIAL AND METHODS

1. 53 49

2] 2 EIALe] REX-650R X-A 37 F3HX) (AL
7 24 mmAl, §F7F7 1.0 mmAL F o7 34
mmAl)®} Fig. 19] 54 ¥ & AREsElth AR
% 3% Whole body phantom (PBU-50)& A}-&3}¢]
Hand, Knee, Abdomen, Skull 915 zZ+7 #3313
ok ZF F9H collimation®] 4272 Handol| A 24
cmx30 cm, Kneeoll4 24 c¢cmx30 cm, Abdomen 35
cmx43 cm, Skullol A 24 cmx30 cm® A A 51T}
W4 A=A (Vacu DAP, Dresden, Germany)E ©]-83}
o] WAMHI} TLD-100(3.175%3.175%0.889 mm)=
o] &3ty  JAF¥EH A (Entrance  Surface  Dose.
ESD)S SA43dte] Z42be] Mdeks wlaskgitt. TLD
Reader System= TLD-3500(Harshaw Chemical co.,
USA)S AF8-3}%it}h 18] 31 Hand, Knee, Abdomen,
Skull 7ol 57dE At  FXEA|(Fluke
Biomedical Nuclear Associates Densitometer, USA)S
ol &M s SAHSUY. FY £ WE F
9] x}o]E SPSS Statistics Version 182 1] %]
EAFEA(ANOVA)S 3t Hd-3te] folgdES
ool 1 ok}

(a) Whole body phantom PBU-50

(¢) TLD Reader System

Fig. 1. Equipment used for the measurement.

2. A=

Ay

%

Hand, Knee, Abdomen, Skullf-$jell4 Table 13}
o] Handt 47 kVp, 3.2 mAs, Knee: 55 kVp, 4.0
mAs, Abdomen< 75 kVp, 16 mAs, Skull>- 72 kVp,
16 mAsel Al A AHFE 100%= st T
o 15%H 2w Hldete B Rl A=
o|-gsto] Fxe W}t Yl =S AAsH

kVpE 115%7H4 5718 AA mAsE 50%7H4] 7+
AA7]AL, kVpE  85%7HAl  FHAAIZ]IAL mAsE
200%7HA] S7HAI 71 A WA A Z A ©F TLDE ©
sto 7} Fopd WA AREUEATS S

sho] uaaheich.

—_

3. % v

Hand, Knee, Abdomen, Skull}-$]oll 4] Fig. 29} %+
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Table 1. Exposure condition for each body part

kVp mA sec mAs
54.05 (115%) 0.016 1.6 (50%)
52.1 0.02 2.0 (62.5%)
49.84 0.025 2.5 (78.125%)
Hand 0 0
47 (100%) 100 0.032 3.2 (100%)
453 0.04 4.0 (125%)
4334 0.05 5.0 (156.3%)
40.87(85%) 0.064 6.4 (200%)
63.25(115%) 0.02 2.0 (50%) (¢c) Abdomen (d) Skull
60.96 0.025 2.5 (62.5%) Fig. 2. Density measurement of images by body part.
58.03 0.032 3.2 (80%)
Knee o o
55(100%) 100 0.04 4 (100%) . RESULT
53.01 0.05 5 (125%)
50.46 0.064 6.4 (160%) 1. A¥AF 54 243
47.83(85%) 0.08 8.0 (200%) Hand, Knee, Abdomen, SkullQ] Z}' J‘?‘—ﬂ]ﬂaﬂ Dda}ﬂ
20 =2 g AZE plwstal Hand <9
86.25(115%) 0.025 8 (50%) e= e Fot At mlatakgie. ggel o
gt A¥= Table 29 2l A% 43 pGym*E
82.83 0.032 102 (63.8%) _
’ 100% 71507 &to] kVpE 115%7HA] S7FA 7] 3L
79.13 0.04 12.8 (80%) mAsE 50%7+4) Zr2elA &3 AT} 2.5 uGy-me
Abdo
men 75(100%) 320 0.05 16 (100%) 2 65.1%% Aol A4S o, kVpE 85%7HA]
71.97 0.064  20.5 (128.1%) A 713 mAsE 200%7FA] E7FAIAA EF Tk
AT} 6.1 uGy m*%E 141.9%= F7}ssi o).
68.81 0.08 25.6 (160%) 4 HDY o SFSHA
65.22(85%) 0.1 32 (200%) Table 2. Area dose measurement by hand
82.8(115%) 0.025 8 (50%) Hand Dose area(uGy-m?)  Change rate(%)
79.52 0.032 10.2 (63.8%) 54.05 kVp, 1.6 mAs 2.8 65.1
5,06 0.04 12.8 (80%) 52.1 kVp, 2.0 mAs 34 79.1
49.84 kVp, 2.5 mAs 3.9 90.7
Skull 72(100%) 320 0.05 16 (100%) P
47 kVp, 3.2 mAs 43 100
69.09 0.064  20.5 (128.1%)
453 kVp, 4.0 mAs 4.9 114.0
0,
66.06 0.08 256 (160%) 4334 kVp, 5.0 mAs 5.4 125.6
62.61(85%) 0.1 32 (200%) 40.87 kVp, 6.4 mAs 6.1 141.9
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Knee &9l thdt A= Table 33 2} A
9.6 uGy'm*=Z 100% 71=Co 2 3o kVpE 115%7}+
A F7MA 713 mAsE 50%7FA] A A B
A7} 56 pGy'm? & 583%= ko] 7hrslgl o,
kVpE 85%7HA] 7HAA17] 3L mAsE 200%714] Z7}

kVpE 85%71A] 7HAA17] 3L mAsE 200%7HA Z7}F
NAAX ZFG3 A3} 953 nGym*E 156.7%= 57}
s T.

Table 5. Area dose measurement by skull

AlAA Zdt A3} 133 pGym2=Z 135.4%=2 57} Skull Dose area(uGy'm?)  Change rate(%)
319t 82.8 kVp, 8.0 mAs 34.2 56.3
79.52 kVp, 10.2 mAs 45.1 74.2
Table 3. Area dose measurement by knee 75.96 kVp, 12.8 mAs 5.9 87
Knee Dose area(pGy'm?)  Change rate(%) 72 kVp, 16.0 mAs 60.8 100
63.25 kVp, 2.0 mAs 5.6 58.3 69.09 kVp, 20.5 mAs 72.7 119.6
60.96 kVp, 2.5 mAs 7.0 72.9 66.06 kVp, 25.6 mAs 82.3 135.4
58.03 kVp, 3.2 mAs 8.3 86.5 62.61 kVp, 32.0 mAs 95.3 156.7
55 kVp, 4.0 mAs 9.6 100
53.01 kVp, 5.0 mAs 11.4 118.8
50.46 kVp, 6.4 mAs 11.9 124.0 2. JAEREAT 53 2
47.83 kVp, 8.0 mAs 133 135.4 Hand, Knee, Abdomen, Skull®] Z} ¥-¢1¥ 334

Abdomen #< ¢l tjgh A3} Table 49F 2T} A
Z 132.0 uGym*E 100% 71+=Co2 3o kVp=E
115%7FA] Z7FA1 7132 mAsS 50%7HA] 7 A a) A
F93 Ay 725 pGym*E 55%% Aol 7+A4 3}
ROH, kVpE 85%7HA TAA7]AL mAsE 200%
A FTRAAA ZFGS AT} 2047 puGy m*E
155.1%% <7133t

Table 4. Area dose measurement by abdomen

Abdomen Dose area(pnGy'm?)  Change rate(%)

86.25 kVp, 8.0 mAs 72.5 55.0
82.83 kVp, 10.2 mAs 93.1 70.5
79.13 kVp, 12.8 mAs 116.1 88.0

75 kVp, 16.0 mAs 132.0 100
71.97 kVp, 20.5 mAs 160.2 1214
68.81 kVp, 25.6 mAs 185.3 140.4
65.21 kVp, 32.0 mAs 204.7 155.1

Skull Zoll tist Zo}= Table 59 2ol A=
60.8 uGy m*E 100% 7|=2o.2 3] kVpE 115%7F
A F7HN71L mAsE 50%7HA FHasA] e

A3} 342 puGy' mPE 56.3%% ko] 7FAagl on,

TLDE o] &3l JAIRHAZS SHsIe] A7 E
H| w3k vl Table 63} 7] Handoll A A3 125.0
uGyE 100% 7150 2 o] kVpE 115%7HA =7}
Al7]13L mAsE 50%7HA] 7HAsiA &g A 93.6
nGy® 74.6%% o] 7HASHow, kVpEs 85%
A ZF2eA 7130 mAsE 200%7HA] Z7FA AN
3 A3} 174.8 nGy= 139.4% = 57138+ t}. Knee
oA Mk 336.8 pnGy= 100% 7|52 & dto] kVp=
115%7FA] Z7FA1 7132 mAsS 50%7FA 74 sA
g3t A3} 186.1 uGy= 553%= A o] 743
RO, kVpE 85%7HAl FHAAIZIAL mAsE 200%
A S7PAAAM ZERE A3 5029 pGyE 149.3%
2 F7tekalth.

Table 72} ] Abdomenol Al A% 227 mGyE
100% 7122 3lod kVpE 115%7H4] S7HA1 7]
mAsE 50%7H4 FHasiA G A3 1.28 mGy=
56.4%= ko] Akl o™, kvpE 85%7HA] A
Al713L mAsE 200%7HA SRR AA BT Ay
4.06 mGy= 178.9%% Z7}at3ic}. Skullol Al A2k
1.75 mGyZ 100% 7522 &9 kVpZE 115%7HA)
S7HA1713 mAsE 50%7HA] adlA #ede Ay
90.93 mGy= 53.1%% A&Fo] #Aasion, kvps
85%7HAl 7+ 7] mAsS 200%7HA] F7HAI A A
243 A3} 3.01 mGyE 172.0%% Z7}at3i o
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o A 0.886, SkullolA] 09960 2 Elom Fo]4

Table 6. Entrance surface dose measurement in the hands - o —
T 0.053FN A s WS fle o2 YERT.
and knees
ESD(LGy)
Change ;
1 N ; Mean(uGy) rate(%) Table 8. Density by body part
Density
103 891 883 93.6 74.6 Mean  p-value
1 2 3 4 5
1072 1072 75.4 96.6 77.0
266 175 1.66 177 119  1.83
113.1 124.1 113.7 117.0 933
268 176 1.75 186 1.17 184
Hand 5 5 130.2 124.2 125.4 100
270 177 167 184 120 184
132.8 1619 145.6 146.8 117.1 Hand
and 573 170 172 187 117 184 0.999
167.7 1687 153.4 163.3 130.2
274 170 170 186 124 185
182.0 1875 154.8 174.8 139.4
275 172 166 185 117 185
1915  189.8 177.1 186.1 553
276 180 1.71 179 1.8  1.85
235.1 2380 2193 230.8 68.5
276 089 094 085 121 132
2555 2628 250.9 256.4 76.1
Knee 277 086 072 081 120 131
309.6 3364 364.3 336.8 100
276 089 09 083 120 132
3346 4330 363.1 376.9 111.9 Kn
€ 278 089 0838 083 1.18 131 0.825
471.1 4768 434.8 460.9 136.8
278 092 092 09 122 135
5029 5240  481.8 502.9 149.3
277 082 087 078 1.15 128
279 081 088 078 1.15 128
Table 7. Entrance surface dose measurement in the 263 139 177 179 185 1.89
abdomen and skull 262 145 187 186 191 194
ESD(mGy)
Mean(mGy) Change rate(%) 265 144 185 178 196  1.94
1 2 3 Abdo
1137 1571 1145 28 56.4 men 296 143 187 19 192 196 0.886
1569  1.674  1.688 1.64 722 268 13 1.8 188 199 195
Abde 591 2059 2015 1.99 87.7 2,70 144 188 1.87 193  1.96
0
men  2.155 2245 2407 227 100 268 132 186 178 190 1ol
2379 3.003  2.294 2.77 122.0
275 141 074 168 1.08 133
3394  3.688  3.706 3.60 158.6
3789 4381 4.021 4.06 178.9 269 157 086 075 114 140
0.991 0911  0.895 0.93 53.1 265 141 079 079 1.15 136
1337 1.281 1338 1.32 75.4 Skull 279 154 075 075 1.10 139 0.996
1487 1511 1.496 1.50 85.7
275 145 073 070 1.12 135
Skull ™y 264 1725 1773 175 100
963 2293 2200 T 217 279 157 071 067 115 137
2617 2.535 2.625 2.59 148.0 2.78 143 0.76 0.68 1.08 1.35
2977  3.080  2.968 3.01 172.0
3. 5% =4 A IV, DISCUSSION
Hand, Knee, Abdomen, Skull®] Z} H-¢13 53¢ <] 20123 2A)E o] okE ol ]l Wi zpEol Aut
FE 5745l Table 83 #o] WlaLstglvh frel  dagolsiziate] MR P he]=aklel A

s
Sk&o] Handoll A 0.999, Kneeoll 4] 0.825, Abdomen o akel st AANEUHAP), F3F(AP), FF(LAT)), &
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F(AP), 2F(LAT) A F9zx2d B F o
Aol FHPA)NA 97 mAsTE &5
55.50 mAs7HA AA Wiste e ST - oF
o] Bxv B #HHAY FF(AP)IA] 70.88 kVp=
FE F5(PA) 100.06 kVp7HA] A E Qom, o3
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AdutE oA kVpet mAse Wsle o %9}
32 A v

e %

AutEd o] AAAY oA TAEE A oUA X-Ae AA] F47F Ba GAF FE Fdole =
w5 A Egrh 2 AFoAE duk EYGAA A sEE FASHA Ao 3F AFS Fol7] 93l
o e #HHS 15%M A sk vlHete HAFEFS 01%8 of WA Ay AEHATS SA
slo] ghate] u|ZdekS B W&t Hand, Knee, Abdomen, Skull 2ol A kVpE 115%7+4 F7}8HA A4 m
AsZ 50%7FA ZHAA 7] AL, kVpE 85%7FA] ZHAA] 7] AL mAsS 200%77}%] S7HA 71 A WA AT} AR
WS SAste] Z47ke) dakg vastdch. 2a 7 949 sEdE Astel FE5 5438 Kruskal
wallis H 155 stof fe-3te] ol gtgs dotudlth w58 dAshAsh ] fe HdhE 115%2 571
ghal, BAFE 50%2 FAaAIZ A ZF B9l Ht WAMAHY A REAES S Ay )E
S 100%= S wf) 717}; 58.68%, 59.85%= Aadhil, HAES 85%= A4S HAFE 200%= 57t

A7 ZACA Z+Z; 147.28%, 159.9%= =715t 5% W3lE v gk 23 Hand, Knee Abdomen Skull
#HY BT fFogE >0.05 YEIY v AstE gl Ao2 Yetwt) dldEd gk s A &v
HY oA AAS ArS Tl LS S7HA1713 BAFE A siA FYG3t= Aol &”é TEE FAS
WA Bkxpe] T & MRS Fole e Wyo = AlgE T

FAol: A, BAF, WHAAY
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