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A Dose Analysis on the Ovary According to the Type of Shielding Material and the
Change of Additional Filter in Radiography Using Diagnostic X-ray

Choi Joon-Ho

Department of Radiology, Kangwon National University Hospital

Abstract The gonads are directly affected by radiation exposure during radiography of the pelvis, abdomen, and spine.
Exposure of the gonads to radiation can cause genetic mutations and can result in the occurrence of malignant tumors,
In this study, we created three types of shielding material shapes for shielding of the ovaries, which are the gonads of
female during radiography of the pelvis, and comparative evaluations using shadow shielding methods. The source surface
distance(SSD) was 100 cm and the field size was 42 cm X 43 cm. The three types of shielding material shapes(type 1, 2
and 3) were assessed and the entrance surface dose in the ovaries were measured. The thickness of the shielding materi-
al was expanded from 0.3 mm to 2.4 mm and after five repetitions, radiation values were measured and mean values
were calculated, The mean dose were 3.09 mGy for type 1, 3.54 mGy for type 2, and 3.19 mGy for type 3, indicating
that the measurements were the lowest for type 1. When an additional filter of 0.2 Cu + 1 Al was used, the dose were
3.72 mGy for type 1, 5.43 mGy for type 2, and 4.05 mGy for type 3, indicating that the measurements were the lowest
for type 1. The results show that, even if the shielding material is not thick, in other words, even with a thickness of
2.94 mGy for the SN 3(0.9 mm) of type 1, shielding can be achieved, with a patient dose lower than the diagnostic ref-
erence level(3.42 mGy). Additionally, among the three types of shielding material, the type 1 appeared to be the most
appropriate shielding material, It is thought that the use of shielding material could reduce the risk factors for stochastic
effects or critical effects of ionizing radiation during pelvic or lumbar radiography.
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2]¥13](international commission on radiological protection;
ORP)= ZE 02 40| 7] 5 27 7HEAR} 49
S WPAPH 74 |eo® e SheHs), e A
(gonad)] 22 7KEAR7} 02014 0,082 51F ZHEIYA
B U el Gl AL o sl Aol gt o)
% Sujolck, AAIAIS] AJA] AlsE(germ cel)] WAMo] £A}
S fA5e] Belviole] Aglo] B 4 oL, oMY FUE
A7 = e 2 T o leH4-6]. A4 Ad(gonad) A
(shielding) 2 ¢18}o] 118Htesticle) oF 95%2] Ao =
= QlaL, Hax(ovary)= oF 5029 AlHhE 4 4= Q71 wheel
3ds] avpaoletal & 4= QItH7-9]. A4 A= Q1gh
4x0] A= vt agkEnh B o] f= oA WA
AA7E =2A HA QLo 2pI7E HA] ¢47] wiizeloHiol, AR
AlFOJorEet A ol ol A&} w2 g Aol AL
o) gApATF HALE Ee SRR AT (diagnostic
reference level; DRL) 7}o|=&kel[11]2 UAFEH AT
(entrance surface dose; ESD)O0.2 =AE|o] FA|EH,
A S MBS 913 ALE BEET et A7)
el o] E AR} A HAE Hulap] Sl el
9131Z 3= o] ofekge] 91110,12,18], A} shiclding
material) 2 ¢1&}o] ARSI} sl= Q]x|o|A] sljFElkE] H
7} el Bolx] 9k 2= ik, oleiat ol whie] yhAel
QAR <Isjo] Bl B W Aol 2A1E 4 Yok
2 =Rollil= AHAE AH AA| floll Eelee o] okt
I8 A}F Z}H|(shadow shielding) BWHH-S o]-&5}0] AlA] H=
glo] o] QiRJof| SHA| AHHIE dste] 7]Eo] ARSI
A A Ao G842 HlaLs] Rkt

> {0

I, et &

Loy

E 230 A&-5 AH]= DR(digital radiography) A]Z~El
(Digital Diagnost, Philips, Germany, AH|1+Z4-2 150 KV,
812 mA)I} AeFA|(dosimeter, QUART didoEAS, Germany),
P QIR F7H] AR A AFEA dE
9] rando phantom(alderson research laboratories,
USA)S AFE5H9ITE HlE-L female rando phantom O &2
A7 150 cm, $4) 50 kgolt}, A=7](detector)= 43 cm
X 43 em |ol9] pixium HE71E ARSI, HEY ol
amplimat O}23} A7} 57 ZH2elo] ek, AR 524
o] 9= ¥ AU AR 0,3mmE AMEIACE

Fig. 1. The figure shows the equipment used in the
experiment: (a) digital radiography system; (b) dosimeter; (c)
the pelvis of Rando phantom; and (d) shielding material

XA LT} T He}o] 7 2|(source skin distance, SSD) 100
cm, ZAPHE|(field size)= 42 cm X 43 cm & 3}$T} Fig,
29} o] AsAE A7 s 9lol BesAl L, A
Z}#(shadow shielding)®H-& ARSI TH14-16]. X}H|A|
£ ofgso] 22 b8, X-ray whed] %7h UEIE /)%
Q= FE(filter assembly)o]] XHAE F2IA)7] o7 Lzt

Nem EAe Awstert,

mo >

Acrylic plate
with shielding material

Shielding material

A state shielded
by shielding material

Fig. 2, The image illustrates gonad shielding used shadow
shielding method, The method entails attaching the shielding
material to the acrylic plate and inserting the plate into the
filter assembly, The source skin distance (SSD) was 100 cm
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Fig. 3. The image of ovarian shielding in female rando
phantom using three different shielding materials

Fig, 3042} o] duba|o & Aa)A Zjmjof AR-8H= 2}
HF 2] mOF 2 £2E2 372 HEslo] o] AERe =4
slith AH A A4S 0.3 mmolA 2.4 mm7A] 5871
53] M1l MRk 245k, 1 giol ohet B 7ot
At AEr==A|o(auto exposure control, AEC) HE
(mode)& o]&3lo] YALI A (entrance skin dose,
ESD)& mGy ©9|= 12]al A 4% (dose area product,
DAP)S mGy-cm” T2 ZA435}ch

Fig. 4, lllustration of the zones used to classify the position
of the ovary, The position of the ovaries was identified in at
least two different planes and recorded according to the three
zones, The yellow part (zone 1) corresponds to the true pelvis,
The red part (zone 2) indicates that is located at the center
of the sacrailiac joint in the true pelvis, The blue part (zone
3) indicates that it is located on the side of the true pelvis

Fig 4= a0 A& vebd Ao 24 s M(zone 1)
ZHH(true pelvis)of EE= F-HE-O 2, 2T (symphysis
publS)ﬂr Zk(pelvis)©] W 12|31 A& (sacroiliac
joint) SFgHAof ofsf A olul= Yoz H FES wWilt),
WL H B (one 2) & FZHlo)A] HgTE] POﬂ x5}

= 395 WERAL Qiok, oA Fi(zone 3)2 FlEitollA
HqEo= 9ok A-E Uehiar 17,

M. &

Table 1:> X} A weko] wheh A FAE S7HA]71H
ST Was(ovary) 9] Aehs Urehd Zloltt, AHA| FAIE
SN 8(2,4mm)Z 6]-‘*‘—9 o], type 194 A 2.26 mGy,
type 304 AeS 2 27 mGy, Z1E]IL type 2 oA 2.66
mGy = type 1914 A A SN & 4 ATk
type 1014 AX] Ho A 3.09 mGy, type 204+ 3.54
mGy, T12]31 type 304+ 3,19 mGy= Z4 %0 type 104

kdsol] 2AYEL Aol A S SIS o 4 ek
e Ao I o) vk 2 Sl o) AT A%

Aol 7:. St “”EP Z12]3L SN 5011*1%5%
AeFdane] & Hsk= ‘218 & & 4= QAT ERE Al 79
A B SN 3FE] ZHES] ShARARF HA1EH3,42 mGy)Hrk
2 Aeko] SAEASE o = UMTh type 12> SN 8(2,26
mGy)©] SN 1(5,97 mGy)thH] 62%, type 2041= SN 8(2.66
mGy)©] SN 1(6,55 mGy)thH] 59%, “L2]al type 3-& SN 8(2.27
mGy)©] SN 1(6.35 mGy)thH]| 64%2] Agko] 7ra3he & 4=
AT, T} i WA Al S50 A ool A
247 7 mGy-cm” ~ 254,3 mGy-cm” 9o :&?}Qﬁixl‘ﬂ,
type 22] SN 10]41+= 190.1 mGy-cm?®, type 3] SN 79| 4=
223.6 mGy-em’ 2.2 W ZAE S-S o 4= 99l

Fig, 5= 2HA| B} 7} ey Sl oe o] A
T H3E yehd Zefzolw AHA|e] F7= SN 1(0.3
mm) 9] FE= FAE ARSI} without shielding©]lA]
0.2 Cu + 1 Al9] E7} ZE|E AMES19S 1 3.84 mCGy =
Al =2 AFo] S Ich Type 10114 0.1 Cu + 1 Al=
5.19 mGy, 0.2 Cu + 1 Al 3.72 mGy 12|l 2 Al 7,37
mGy= type 24 type 3HTH WA S U= & = AU
type 2014 0.1 Cu + 1 Al-2 without shielding¥ w] Xt}
3.7 mGy, 0.2 Cu + Al2 1,59 mGy 18] 2 Al 5.9
mGy © =74 SHEHUSTS & & AAUTh

Fig, 6 AHAE AMGSHA] Qhal F7F BERhS: ARG
o S Uehd Ze=A ZE7) §le de 7.88 mGy=
SAEJE 0.1 Cu + 1 A9 7} TEE AMS =
LHE ARESHA] A3 wf Kok 46%(3.65 mGy) &] Aol
A4askelal, 0.2 Cu + 1 A19] 571 IEHE ARS o

ﬂl.] EEFU
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Table 1, The entrance surface dose (MGy) and the dose area product (mGy-cm?) of the ovaries according to the shielding
material thickness increases with the use of three types of shielding material with different shapes, When the thickness of the
shielding material was SN 8 (2.4 mm), the dose was 2.26 mGy in type 1, 2,27 mGy in type 3, and 2,66 mGy in type 2 shielding
material, the dose which was the lowest in type 1 shielding material

Shield type 1 type 2 type 3
number Dose DAP Dose DAP Dose DAP
SN 1(0.3 mm) 5.97 247.7 6.55 190.2 6.35 248.7
SN 2(0.6 mm) 3.64 250,2 3.90 252.3 3.65 250.9
SN 3(0.9 mm) 2.94 245.3 3.20 254.3 3.06 253.8
SN 4(1.2 mm) 2.69 252.6 3.03 254.9 2.78 2523
SN 5(1.5 mm) 2.45 251.6 3.02 252.3 2,52 253.7
SN 6(1.8 mm) 2.39 250.2 2.9 2527 2.50 252.8
SN 7(2.1 mm) 2.36 252.2 2.97 252.3 2.42 223.6
SN 8(2.4 mm) 2.26 250.2 2.66 253.2 2.27 252.3
Aver, 3.09 250.0 3.54 2453 3.19 248.5
9.0
140 === 01Cu+1Al
= 8= 0.2Cu+1Al «
12.0 2Al 7.5 \
\\
\\
10.0
6.0 “\
\ »
A Y P4
8.0 A = p e
F ~n [G) A Y s
e - £ 4.5 N e
e ™ [ ol R
6.0 ',’ - ~a . § ——
J & "_‘,’ ‘“"'""--... 0 ;,
4.0 S sl ~m
1.5 -
2.0
0.0 T T : : T T : 0.0 T
Without shield type 1 type 2 type 3 without filter 0.1Cu+1Al 0.2Cu+1Al 2Al
Shield type Filter type

Fig. 5. When the shield was not used and the three types of
shielding material (types 1, 2, and 3) were used, the dose of
the ovaries was measured by changing the additional filter (0,1
Cu+1A,02Cu+1A, and 2 A, In the absence of shielding,
the lowest dose of 3.84 mGy was measured using 0.2 Cu +
1 Al additional filters, The thickness of the shielding material
was fixed at SN 1 (0.3 mm),

51%(4.04 mGy)2] AgfFo] 7FA3H-S-S
1 2 Alo] X7} HEE ARSI

mGy) 2 445191, 0.2 Cu + 1 Al

i Al g2 Aol ek

=

Fig. 6. The dose of the ovaries was measured when three
types of additional filters (0.1 Cu + 1 A, 02 Cu + 1 Al, and
2 Al) were used and when an additional filter was not used.
The shielding material was not used, When the 2 Al additional
filter was used, the dose was reduced to 28% (2.21 mQy).
This indicated that the greatest decrease in the dose was
achieved with the use of the 0.2 Cu + 1 Al additional filter,

v, o #
Fawceft SL 52 Fig. 20|49} Zo] Y7} zone 1(=%
Aol YA 4= Q= 73-9= 80.2%, zone 2(W7FHH) o] 1A

T 5= 9l 79 17.1% T18]3L zone 3(uFgA) o] $IAT
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= 9= 1.5%kaL Wslar QIeH17], 2 A¥oA®=
19] oot fajet Befe] IS WSl Agstc
) okt Bl WE ERo] W2 o] A3 WIS
o1t 2 AlolA] Aol A 24 ol Al9] 7
9 ool we} 1 WAL ARk (scatter ray)o] €] B
o] Al uhizo|ciI8-20], 7} Ao ATH(DRDL 21
B Qgelst AL Al AL M MARS 2t )
sfof Alete] 213 4+ QUES AR A 29E ek
A AT AT AN AV E) o Aol
BT H429] 1S AR S SJez1), 20084
A AR NS Q] 3] (ICRP)+= publication 103 ®H7Hs}
of RGPS BHOT SHSH A A RIAL
HAptolE 9Ig NS 28] BA Y ATHS Mok
2 st rH22,23]. A QLA 7] (international
atomic energy agency, IAEA) = 67]] ZA|7]77} 2502
AL o] ol & 93 A7 = 7| E(basic safety
standards, BSS) No 1155 v}l o704 HilsH=
Kel ko] FHLHZRS. 10 mGyolieH22, 23], 9 BT
(health protection agency, HPA)-2 20104 ZHHo] 3=}
AeRS 3.9 mGy=E PastcH22], n)=ke A& ook (food
and drug administration, FDA)2] 957|7|& EYs=
CDRH(center for devices and radiological health)of| 4]
20028 QA3 Holo] MEke 391 mGym Wistych
[24,25]. Uzt *—1?—4““““13011/\1 20129 % W3
31 AuRgAOIBk AL That B Ao Ak slo] ekl
w2 A3 H(anterio—posterio, AP)FHAF A| ZHES] &}
e AT 342 mGy, AF$H(oblique) ALY o] HWirek
© 6,32 mGyoltH1L,21], 2 Aol SN 3(0.9 mm)®] 2}
Al FANA Al F72] JlA] 2 S AARI S 7]5H10
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Al Farshs FHHE9] ] AT WA £74(3.07 mGy) =3
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Fubpelvie) o A A Al obde] AHAl
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