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Abstract

A Study on the Distribution of X-ray according to the
Thickness of Soft Tissue in Radiography

Soung Ock Park
Dept. of Radiotechnology, Dong Nam Health Junior College, Kyung Ki-Do, Korea

When X-rays were projected into a patient, there occured the phenomena such as penetration,
absorption and scattering etc. The penetrating rays were recorded on films as X-ray image used
for diagnosis but scattered rays caused the radiation hazard both to the patient, specialist and
technicians.

The soft tissue includes many organs which are sensitive to the radiation and in may occupy
40~50% of body weight. Therefore X-rays should be carefully projected to the patient and it is
strongly recommended to analyse the distribution of X-rays, when ever the patient is exposed to
X-rays.

In this study, the distribution of X-ray according to the thickness, the radiation field and the
tube voltages(kVp) in soft tissue, the following results were obtained :

1. Total transmitted rays which kept the step with X-ray tube voltage(kVp) increased in

proportion to the increasing of X-ray tube voltage.

2 . The scattered ray rate in the total transmitted ray was not significantly found with X-ray

tube voltage.

3 . The affecting factors of the scattered ray rate in total transmitted ray were shown through

the radiation field and the thickness.

4 . The dose of scattered ray by the angle was observed more in direction of primary ray(0°)

and back scattering(160°) than in direction of 90°.

5. The more the distance from phantom to the patient should be less distribution of scattered

ray.




I.M &

18954 114¥ Wilhelm C. Roentgenol] &3l X
Aol 47 F WAL 23,
£ BololA o]& wAxm et wtAlE o] &
AAAR ZlEollA 2 7)e MY, vl Mt
502 oldte] E4AHAE o] &% ‘_iﬂ%‘l‘%}ﬂ Al
H1 g3 AFEE ol £ 4F Arte] Axsn
ch. olell alzl wpapAdel o gt A Aol = Al 73}
A AFHa glan, o} 23} whaldel dsle] FFE
A% 2o e a2 st F23A dFelAn
ek, A7t 2A g ol b Qe FAALY
XAd&e AxtolAe oEg ohio] WA F3
(radiation pollution) 2 7}x| 5= g c}.b?

kA o] ShatelAl zAEwl Q1A WelA F,
3 oz Astd el WA= Fag XA 4
Eol A4S utER oA} e 1Al o Al
Ae Aol F4so] WA AFE F7HAIA &
AL Aol frube) flqlo] . 9lct. > wbedef o1
A7t A8 AL A AL AL FHA
ol AlE WAt HE9 2 figle] H= ¢+ X
Aolvx ol ute} &xe] Aol A A== AlzkA
o A7} A Ha Azl $AgE 1a X
Ao Agurdke FAoR Ay 3§27t g
ot whebA A B4 FAAG UAA 2 A
Aol A ZRbE &S Fubsle Aldse AdR
Age] 23893 2L S5 HA bl YoM AW
ol 4] wtAls] & AbgbA o) R X5 Aol g AT
ohed, WAA 9 E2L whejdled tl& F4F Aol
o, 3% QAo wapde] zAsEw AolA Abat
A o 2z ZfAdol dAElo AM=AE T4
QL ¢AE AA = 1A o g o] &3} (ionizati-
on) 1A, 2 FEo2 oz 7lx JETEH W2
Vel AL AR Aofssitife) g,

whab A Aol o & 189611 WA o2 Q1 9 Y-
o o grFe] Wuslr] AAYPw, 1911345 1914
AR AL A el o3& qto] 1897102 H<l RwH
ul gleh.® whatAd Aolel diz w@w, Fdl, FE
WAz A, FEYG A 5o Aol Sl o
Pz o wd 5o FlE & 4 Yot

AbAL ol o] Azt ghA| ofoll e gt whei el Aol
el 19159 FFelA =2ode] AFsAdR, 1 F

o5 5 3% 9

-

ok M ok 52

& 2 o mlo

[

1928 FA AR 913 (1.C.R.U.), FA%
Aol 1413 (1.C.R.P.) 7t A=At
ol 2 alsle] WhALAl Hoflol] #E AF7L ASEH
low FurdAd Aole] F= & oA =P X
Ao Actolld 1 3ES A4 e HAle o
2l Weio s AYP=n a, el s FA, A
At 71&9 MY m=e JE GAAY 7gd F4
z# 3ty e olo] i ALH o] 275
. wiAbAl Hlel g S1& i}wﬂ-s’%oﬂ g AT
il ft(lead plate), W& & °l£6}°4 WA g
= A gl et Blate] Ao Lol A Ay
< uloldle] FAae] AL FA A=
= A98 v g =g YA Zod Aol
72 (BRE) 23489 ngdce AL g
zA A =24E 3l 82 AFA%Y A
Ng A7 K7 ©fsled AJPH | QAo XA
HALA S o 3hate] gl Al
A el sl AbskA S 7é7n AlA B EE Folv W
5 QU 55 B Aol AR
&A= g XA Zdz24E WEAA 44
Sy At Zs via B v gleh e ojeR
q Eg]d Ao uA
342 él?‘* At WA B,
L%—% ZHaE7] A AddTe
o] A= glov}, &3

B LALALO]  4A)
o] & AL LT AFS 0~50%F A3}
2 Qe A%zl d XA 2} Folol o
2 9

£ AFLEe} e AET Alg o
eme 2 Agold dojd ARE Lol B
A BAAEA] T FAF Zhiol] B8

@ Azst 2 Aelch
AHEEE ARAA £45] Ao e 2

. XA#AsHkVp)H 2 FAAZF(Ip) S FH .
. XA#AqE e We (phantom) F2} z;\}.

SRR PRy EESAR S SESE]
Aitod $oM, zARdEe A% B4E
(Is/Ip+1s) & shetiet.

3. WA wAsE AR Az 2 ¥

% =49

Yol 4l WA E Alakale] Aelol we} Wi 5hs)

W
£ 44 B4R,

_4_



. 47AE 2 a4y

1. g7z
1) XA 2+AAx] : Shimadzu 360 mA, 150 kVp
2) gl (water phantom) : %7 5 cm, 10 cm,
15 cm, 20 cm, 25 cm, ¥°| 35cm
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4) AT ¢
@ =27 :30 cmx30 cm, F7 3 mm
® =7 .5 cm, 7 3 mm

Z A 7] : Survey meter, Victoreen
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Az A wAgs S48, Fig. 29 2ol
0y A4 (FiE) el 474 5 cm, 7 3 mme IF
(8BMR) & Hatsled B4 E F5A72 BY el
A g Akt &35, o)e XA 23
3} survey meter7t Ag+ 100 cme]t}.

3) A= A=A TE £4

XA #FAR|A G2 9o A& AR
FEE 47 Asted A 10 em, Feo] 35 cme] B
eloll A Fig. 33 7o] £33 4 XA (center ray)&
02 stod 160742 SASIAH. VeolA LA e
AbetAd st &43)17] 18 survey meter+ ¥E ¥
oll 4 50 cme] Agjol Fgkord, XA#3 £ 4

Survey meter

——30 cm—

k 100 cm

T@

|
4

Fig. 1. Schematic illustration on measurement of primary transmitted ray
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Fig. 2. Schematic illustration on measurement of scattered ray
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Fig. 3. Schematic illustration on measurement of scattered ray by angle

ool 30 cmXx30 cm 27|,
atet.

3mm FA9 ABE ¥

4) Aglgol atE ARAF £X FF

Vel wAgg] AlabAdake] Agle] otE 224
& &47] $15t Fig. 49 Zo] F3A APyats
A dake Wz gt Yo AE 2emd F
7FA 7] 40 cm7bA] EA AT, o)= XA =AY
2L 20%x20 cmE stglen] FAgtE 70 kVpR 3}
At

3. xiEEs
4749 A2E 25 358 shof AAADs3ich

oA SR+ AFAFTH B
sho] 2mbAlel AA EAshach.
A DAL BUddF 2oz 2 53

Cha I

TE%

A AR Aol S
EAEA P2, 5YNE
%

2 W47 4RAS $4% SARE §

A4 GAE VeolA] sl Akl dgkE
X WaEe] EAE S5 Asto g &
Aoz oA o4 3314 (stepwise multiple
regression) & dlgct. = &3 Az} Azt
d& Ad#sel AL wE 2L (simple
regression) & ol &3t £A43 . b A EY
y=ao+a,;x,9 2¥og ALty Do ofe} by
+ FHEAL y=a,+aX; +2:X o anXnd] 2
< ALHA Ny 2S5 AR, a A
X EHESL) . 9o w32 SPSS(Statistical
Package for the Social Science) & A}-&3l] A A
A4E T 3 4 Aol g 24 ofsh

X-ray tube Collimator
% (distance 100 cm) Phantom
/
234y

Pb-plate

Survey meter

Fig. 4. Schematic illustration on measurement of scattered ray by distance
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ct. agdoy AL FACdAE RAgte] FIHEs
1. $AGkVp)H Ak FFee BARAE S FAAFLE Fsidc. F90kVped H¢ 5em
ste] FAghy 7 B Al Abzkd g FAlolA € 65.67 mRe| FaAdFe] S 1,25
€9 #AAE FANA. cme] FAlolAE 0.38 mRe] $3Ad o] 259
2. Beel Ese} =A A (radiation field)#e]  ch(Table 1).
BAA Ak P FAHL AUA4

(correlation coefficient) 2 $ASHAL VY 2. BHLKVP) L BEHTMOM TAIBHE Al
st 2R BANA HALAE 5 BH LME(s) SHAT

8 4487 AL FEHUL.
3. fueld S4sE e (MER) ARATF A XABAYIA BY S8 2AA e

o $Xe FAE4E SR AtetAl e ¥ 2+ QA BAgtelA B9
4. Aol & AHAl ko] M FAFAL I FA FAESF S A Aasgld
At (Table 2—1). = 7z Vg9 FAole AAto|
SHEsE 4 *i G Frisglen 2Ad
m. gvda Hol F/HEFE ARt wAFel Frisglc

(Table 2—2).
1. 2N (kVp)E HESHO o2 1x} £ E 7t F ot 2AAE A oA B ke Ftell e}
glp) BX F5 A4 % (Ip+ls) 2 Fohsldlet. o FFAAZFS

BT AL AN E vlwetr] Aotel FAE4E

Zt FAgAA FAN FAESFE FAARR g A7 50 kVpd sl 5.01 mR, 90 kVpelA=

ol

Table 1. Distribution of primary transmitted ray

unit . mR
Thickness kVp
(cm)
50 60 70 80 90

5 9.533 14.333 23.167 32.033 65.667

10 1.800 3.067 5.090 7.033 13.400

15 0.300 0.597 1.177 1.800 3.800

20 0.100 0.200 0.397 0.593 1.200

25 0.020 0.053 0.100 0.200 0.377

Table 2-1. Distribution of scattered ray by radiation field and
phantom thickness

unit : mR
Radiation Phantom thickness(cm)
field
{cmXcm) 5 10 15 20 25

10X10 17.273 5.893 2.553 0.893 0.333
2020 24.213  11.326 6.939 2.898 1.773
30X30 27.047  15.623 9.659 4.635 2.318
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Table 2-2. Distribution of scattered ray by radiation field and

tube voltage

unit : mR
Radiation Tube voltage (kVp)
field
(cm X cm) 50 60 70 80 90
10X 10 1.677 3.155 4.486 6.273 11.355
20%20 2.840 » 5.053 7.767 11.668 19.816
30x30 3.471 6.160 9.307 14.820 25.526

Table 2-3. Analysis of total transmitted ray by tube voltage

Tube voltage Total transmitted ray F
(kVp) (Ip+Is)
50 5.01% 6.645 13.049*
60 8.44+10.388
70 13.33%£15.598
80 19.26+21.310
90 35.81+41.025
+ P<0.001
35.81 mRo 2 :Aqt(kVp)o] E7&4+5 £ E3 kVpell 4] 71.30%, 90 kVpx 68.25% =2 7 dA gt

ABe Zrhstglon] DAL FAF 3ol 9l
9t (F=13.049, P<0.001) (Table 2—3).
3. BEYUT AR SRS (s/IpHs) 2 24
7 XABAG VPl $A4d AR $H8
(Is/Ip+1s) 7kol AolE ¥AF A3 7 BAGL
ARA FHeelE 2A AeeA Wk F 50

r

Table 3.|Analysis of scattered ray rate contained
in total transmitted ray by tube voltage

‘ unit | %
Tube voltage Scatter ray F
(kVp) content rate (p value)
50 71.30+£19.043 0.283
60 71.84+17.082 (0.889)
70 69.42117.967
80 70.251+18.046
90 68.25+18.551

HE F93 zol7} elgich(F=0.283, P=0.889).
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cm Y o 38.76%°l At e ZAPHAA A 25 cm
=9 7% 88.89 % AsAlS FFsln
('r 1 3=).

Table 4—1& AbtAl Sf&ol 244 4L 3t
£ 20 8 (VY EA L) 2AEA) o it F3F
.4 (multiple regression)2 3 Zo]t}. o] 7 zol
o)ele] Y=2.035x,+10.490x, +18.699% AA 3|
AAA S Fritgen Wyl FA (X))o 24
93 (X,) o2 Azkd &8 ()2 86.5% A4d
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Table 4-1. Result of multiple regression on the scattered ray rate contained
in total transmitted ray according to the phantom thickness and

radiation field

Variables Regression coefficient R square
Phantom thickness 2.0354* 0.6398
Radiation field 10.4900* 0.8664
Constant 18.6987

+ P<0.01

adjusted R square=0.8652, overall F=

719.96 (p=0.000)

Table 4-2. Result of multiple stepwise regression of affecting factors on
scattered ray rate included in total transmitted ray

Variables Regression coefficient R square
Phantom thickness 1.8539* 0.6398
Radiation field 9.1383* 0.8664
Primary ray —0.4805* 0.8914
Tube voltage 0.0764* 0.8974
Constants 29.3115*

« P<0.01

Adjusted R square=0.8951, overall F=

 BAE w W4 F VY T4, 2AHA, 3
A 2z 12 FHAAFe] oA F3IHEA
(multiple stepwise regression) & 3t AtakA -
g3el BAE EA4edch. Table 4—204 9} 2o
A 445 s A5 F e WrE
Ayl FA, z2A4HA 281 14 F3HA(Ip) oIk
o] o] W4&ER AlabAdl &S 89.14% BT
T A=t

5. 2tz AtptM gkl EX

XAo] Exlz] ulske] AL "2 dle] P
A Qs E Al Ao $2 8 e F4% A
s+ Table 59 Ze}. Alebd 2hAgke 079 160° %
gholl ) 7} BEokT 60°9F 80° kol A =l et
Z "9 ubgboll A 0.527 mR, 20° %3 0.503 mR,
40° B3RS 0.390 mRo 2 A s} 745 0} 80° u)&hol
AE 0.307 mReg A A A wAslg R, 10000 A
0.393 mR, 140" w32 0.517 mR =28z 160" 4
gkol A= (.560 mRo.Z t}A] Zylslo] Fupilas

383.17(P<0.01)

Bk 2). A=y A=kl HolE dFvlm
(multiple comparisons ; Student-Newmann
—Keuls)§ ZA# 5§31 zte]7t Ao (F=54.576,
P<0.001).

Table 5. Analysis on scattering ray according to

the angle
unit : mR
Angle Scattering F
0 0.527 54.576*
20 0.503
40 0.390
60 0.320
80 0.307
100 0.393
120 0.420
140 0.517
160 0.560
+» P<0.01
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Table 6. Analysis on scattered ray according to
the distance

unit : mR
Distance Scattering ray F
(cm)
1~10 3.27+1.747 96.04*
11~20 1.184+0.442
21~30 0.60+0.242
30~40 0.33£0.174
* P<0.001
v. 1 &
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Table 7-1. Comparison of relative absorption

rate
Organ Relative absorption rate
Water 1, 000
Fat 533
Muscle 1, 000
Heart 1,027
Kidney 1,061
Liver 1,075
Brain 1, 075
Spleen 1,118
Bone 5, 000
Table 7-2. Comparison of atomic number and
density
Organ Effective atomic | Density
number (g/cm®)
Muscle 7.43 1.0
Skin 7.31 1.1
Fat 5.90 0.94
Bone 14.00 1.9
Water 7.43 1.0
Air 7.64 0.001293
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180° ubake] AlabBAE Fubabatolel s
Davidson& ASHHF izl e] ot& Compton Atk
el s Exo)A AZy ax S Aol
£ YadZE o] 88td 1 o]EE APEHAH.P
L AgelAd Zx Atz $2 & 53T A5
0°9} 160° ol A A5 AbstAd ko] Al Wk
I 90° whEkol A 7h4=Ele] Thomasel Davidsong]
ol2d Az X ol dA o] FHEU. oA
2 A weol i@ BAA Asrt F28 A FA
Al Fotoll g Wol A= FoFE ol
£3] XA FAARto| Y ZHAAIZEe] vl A 71 A
9 YB2GAANE APt =50 HAHE 4
Aol Sate] zA ke o] 24 4 53] Ftigel
A3k hAbAL whol4erho] o] S s]ofof qhch. WhAbAle
2EE o] 3842 A7, A, AHE F &
Aek. ZAMHE A7HE AT YA 2 NH
el WojA gla 22z who] Au]E o] &3t W
olth. ghatol A wrAls|E AlgtAd o2 Mg Wo|xnt
o8 XHAzAAol] 3t e Ha] dolA glojok
& ok, ¥ AgdTold AzFolol] wE Ak
o 7tar Felsdrh(F=96.04, P<0.001).
=g 730 52 Aol o} & wAA AEol #d
AY Aol AgFrtel atet A = F4E
AgldAs WA via FEI v 9hch.

v.Ed E

XA Axtold &3] Ao it 7 Al
A #Ate 8 A G4 &L 24477
AT Aoz Agizo] H AYL & AFH o
T3 2 AEL 2%+

1. #Aste] 245 F5A4ZF (Ip+ls) 2 F715

aich.

2. A4 BAF[)L L BAPIA, T 2
A Aol ket

3. ARA FHE0s/Ip+1s) & FAgkl Aol
2 9%e wA gyt

LOARA BHEL $AS F4E, 2R
245 27 FAA9.

5. AR BHEe Fhedezd BYRA,
2AEA 1347, BAYLD 89.2%F 41
¥ 4+ s

6. ArstAl WA $¥E 134 T4 APLF
02z gow F4(1607) A4F= 0 B3

3 B ARAgel PARAT 90 $Foz
T Z4Hdd.

7. BYezyy A4S AdTel 27 Fas|
sieh.
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$5 1. 2 fAG(kVp)oll A AR FA19F 2w 2ol HE AlgdE
unit : mR
%%j 124 Ip AP 1s 225 Ipts ?} (%) 15— IDHS X100
KVONNY| 10x10 20x20 30x30{10X10 20x20 30X30| 10X10 20X20 30%30[10X10 2020 30X30
5| 9.533 6.033 8.333 10.000 [15.566 17.763 19.533|38.76 46.64 51.20
10| 1.800 1.500 3.433 3.800 | 3.300 52.333  5.600 | 45.45 65.60 67.86
50 | 15| 0.300 0.497 1.5%7 2.000 | 0.979 1.867  2.300| 62.36 83.93 86.%
20 [ 0.100 0.193 0.567 0.966 | 0.203  0.667  0.066| 65.87 85.00 90.60
25| 0.020 0.160 0.300 0.587 | 0.180 0.320  0.607| 88.89 93.75 96.71
5 |14.333 11.000 14.067 15.967 |25.333 28.400 30.300 43.42 49.42 52.70
10 | 3.067 3.067 6.200 7.400 | 6.134  9.267 10.467) 50.00 66.90 70.70
60 | 15| 0.597 1.133  3.000 4.400 | 1.730  3.507 4.997| 65.49 83.40 88.14
20| 0.200 0.380 1.400 1.967 | 0.580 1.600  2.167| 65.52 87.50 90.74
25| 0.053 0.193 0.507 1.067 | 0.246 0.650 1.120] 78.46 91.85 95.27
5 [23.167 15.333 20.667 22.000 [38.500 43.834 45.167| 30.83 47.15 48.71
10 | 5.090 4.467 9.833 12.633 | 9.557 14.930 17.730| 48.36 65.89 71.28
70 | 15| 1.177 1.767 4.800 6.067 | 2.944  5.977  7.244/ 60.02 80.31 83.75
20 | 0.397 0.657 2.500 3.800 | 1.504 2.897  4.197| 62.33 86.30 90.5¢
25| 0.100 0.207 1.033 2.033 | 0.307 1.133  2.133] 67.43 91.17 5.3
5 32.033 20.067 28.000 30.600 [52.100 60.033 62.633( 38.52 46.64 48.86
10 | 7.033 7.033 15.933 22.667 (14.066 22.966 29.700{ 50.00 69.38 76.32
80 | 15| 1.800 2.833 8.000 10.500 | 4.633  9.800 12.300| 61.15 81.63 85.37
20 | 0.5% 1.083 4.407 6.933 | 1.626 5.000 7.526| 63.53 88.14 92.12
25 | 0.200 0.400 2.000 3.403 | 0.600 2.200 3.603] 64.22 90.90 94.44
5 |65.667 33.933 50.000 56.670 [99.600 116.000 122.337| 34.07 43.39 46.32
10 {13.400 13.400 21.233 31.616 |26.800 34.633 45.016| 50.00 61.31 70.23
9 | 15| 3.800 6.533 17.330 25.330 |10.333 21.130 29.130 63.22 82.02 86.9%
20 | 1.200 2.203 5.616 9.507 | 3.403  6.816 10.707| 64.74 82.39 88.79
25| 0.377 0.707 4.083 4.506 |1.084 5.310 4.883 65.22 92.90 92.28




2.8 2. YA} 50kVpeh 80KVpoll 4 ZEd Alghdl R

unit : mR (%)

Angle degree

0 20 40 60 80 100 120 140 160

50 kVp

80 kVp

0.217 0.167 0.133 0.100 0.100 0.120 0.133 0.173  0.193
@ @6 (@as33) (o) (w0 (20) (133 (@a13)  (193)

0.527 0.503 0.390 0.323 0.307 0.393 0.420 0.517  0.560
an)  (Qed) (@2 o5y (000 (128) (137)  (168)  (182)

5 3, 24

}ob 10emX 10ecm$} 20cmX 20cmeoll 4 A lolj =& Abd s L=

Radiation
field
(em X cm)

2 4 6 8 10 12 14 16 18

10 X 10
(am)
20 X 20
(cm)

3.610  2.500 2.000 1.3%0 1.240 1.047 0.903 0.790  0.663
(100) (69.25) (55.40) (38.50) (34.35) (29.00) (25.01) (21.88) (18.37)

7.233  4.567 3.567 2.900 2.433 2.333 1.767 1.533 1.393
(100) (63.14) (49.32) (40.09) (33.64) (32.25) (24.43) (21.15) (19.26)

Radiation
field
(cm X cm)

20 22 24 26 28 30 32 34 36 38 40

10 X 10
(cm)
20 X 20
(cm)

0.553 0.496 0.403 0.356 0.300 0.240 0.207 0.163 0.153 0.123 0.100
(15.32)(13.74)(11.16 ) 9.86) (8.31) (6.65) (5.73) (4.51) (4.24) (3.41) (2.77)

1.247 1.093 0.900 0.887 0.797 0.730 0.630 0.607 7.533 0.500 0.453
(17.24X(15.11)(12.44)(12.26)(11.02) (10.09) (8.71) (8.39) (7.37) (6.91) (6.26)




