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Comparing of the Administered Activities and the Effective Dose
of the Various Pediatric Dose Formulas of Nuclear Medicine
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Abstract The purpose of this study is to calculate and compare administered activities(MBq) and
effective dose(mSv) of the various pediatric dose formulas of pediatric nuclear medicine and to provide base
data for the criteria of the optimal administered activities. This study compares dosages and effective doses
of 5 types of pediatric dose formulas(Clark rule, Area rule, Webster rule, Young rule, Solomon(Fried) rule)
based on the dosage for adults of 2 types of radiopharmaceuticals(*™"Tc-MDP, *™Tc-Pertechnetate). The
administered activities in adults, which is the criteria for calculating the Pediatric administered activities,
used the value from the 'Nuclear Medicine’ written by J-G Jeong & M-Ch Lee. and the administered
activities by the radioactivity per effective dose(mSv/MBq) of the radiopharmaceuticals for calculating the
effective dose used the value from ICRP 80 and the UNSCEAR 2008 Report. As a result of the study, the
output of Young rule is the lowest, and its difference between other formulas is from minimum 1.7 times
to maximum 34 times. The difference between administered activities of *™Tc-MDP is maximum
3099MBq and the effective dose is 3.76mSv. *™Tc-Pertechnetate showed the figure at the maximum
1549MBq and the effective dose has a difference of 550mSv. Since the pediatric dose formulas differ not
only in administered activities but also in effective doses, the optimal administered activities have to be
developed for optimization of medical radiation.
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B HmSv/MBa)> = APEARI 2 991 8l (International

Commission on Radiological Protection, ©]&} ICRP) 80
Report} ol #He+$19) 3] (United Nations ~ Scientific
Committee on the Effects of Atomic Radiation, ©]3}
UNSCEAR) 2008 ReportE ©]8-3}ith.
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Fs 718k ek %E}[ 4], J—Qﬁ*} 20120 &= W~
ZA(Bone Scan)e] A st} 5 28169871 0.2 <F
19%% Ak a, A E 2520 Te Thyroid
Scan)o] 4613271 0% °F 8% HASAAAM( Whole
Body Scan)o] 32355702 °F 56% Al
SPECT(Myocardium “'T1 SPECT)7} 31,2501 .2 oF
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= wW270Bone Scan)@ A EIIUIE AN T
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Whole body scan)¥} 4l SPECT(Myocardium #'TI
SPECT)%= 4xobeh 7idsd o] vk HAke) desto] oA+
of A-&akx] &ttt

2]
S HE Aolo] FojEks J]FEo
A4 (Height & Weight)& 2F4 ko] 4k
?Oﬂ M AdgAFH26,11-15]19] +
ERA(I0kg) S 7)oz A&3d}
= (Body Surface Area ©]3}, BSA)S
A Eke] AHEEk= Aread, 913 (Age or Month) ©.& 4F
Aslo] AE38l= Webster, Young®, Solomon(Fried)
M & e AdAskiv<Table 1>,
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<Table 1> Pediatric Dose(=Administered Activities) Formula

Classification Pediatric Dose Formula
Weight (Kg)
Clark ——— =" XA W
ar 0Ky dult (MBy)
2
Area BIAG) g (MBy)
1.73
Age (year) +1
Webst — x4 M
ebster Age(year) £7 dult (MByq)
Young _ Agelyear) s (MBg)
Age (year) +12
Solomon(Fried) %(o)nth) X Adult (MBy)

o] Fojga}

TEAH =

ZropiFol i A ol kgl 9lof VIwol H=
ARl R AE7, ol H008)2] Bef sl =54
Folks AEskdh P Te-MDPY AR e

T40MBge]al  ®"Tc-Pertechnetate®] A3 9150 #-&
185-370MBqe]tH16]. 1] 2l Area® ] BSA: Accorsi
5(2010) AollA 288 DuBois and DuBoisDH S 4]

&3k, Solomon(Fried)'H 9] 4o} A= (Month)2 &
@wﬂﬁ TR7F 15022 Ho19)l7] el 150784 o sfrt

#-8-3te] AEskait

1) BSA=0.007184 x H 7?5 x 13425
* H : Height, W : Weight

& %*ﬁ‘ oA AbEeh AolrowF
AR 24 FHmSv/MBg) S 38f
o] akEsiolch %mTC*MDP«] Axd s faA
ZHmSv/MBqg)2 UNSCEAR 2008 Report(1A4] : 0.027, 5
Al 20014, 104 = 0011, 1541 : 00079 59 MFS

11

225493 31[17], P Tc-Pertechnetated] &4 WA 5o
FEAFmSv/MBg)2 ICRP 80 Report(14] : 0.079, 5
A 20042, 104 1 0.026, 1541 - 00179l 5d A
#1853 dr[18]

|

H| 1l ICRP 80 Report$} UNSCEAR
2008 Re portoﬂ TEE WAook AR WAbE S
H(lxﬂ, 541, 104 154) 0.2 vl
FAE 71202 AEske Clark 2
BSAE 7]—7&Oi 2HESHE AreaWl> 38 (Year or
Month)& 71522 AF&Eshe Websterd, YoungW,
Solomon(Fried)H 3} 215412l v} E7Fssto] AH
w ?45‘«‘:’ o] 2007d Aot HAad BT AYER O 5
Hoj gle dEd 719 FrARE ¥
gk - skt Table 2>.

5% 5

<Table 2> Age—specific height and weight of Korean
pediatric * youth standard growth charts(2007)

| Agelor months) of Korean | Height Weight
Age Classification
growth charts (cm) (kg)
1 12-15 7822 10.41
5 5-55 110.47 19.22
10 10-11 13943 3550
15 15-16 169.69 59.40

3. 747

3.1 ¥"Tc—MDP2] ZolFolak 2l f-aAlgk v

ITe-MDPS] 913 W F4] 7F Fol 9 Fa Al
A7 14= Areado]l Fo®F 1962MBq, e
530mSv= 7H¢ =31, Young'H ol oI = 56.9MBq,
a4 154mSvE 718 v Areal? Young#iel &
ol gk x}o]E 139.3MBq, FEA % x}o]E 376mSveltt 5
A= Webster'i o] o1 % 370.0MBq, 21 % 518mSv
2 7P =31, Clark®ol Fol& 2032MBg, fradd
2.84mSvZ 71 ). Webster# 3} Clark'H o] 5o 2
ZFol= 166.8MBq, &A1 2 2ol 2.34mSv ]t} 104]
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+ Solomon(Fried)He] Fol&F 5020MBq, frad%
650mSvE 71 =31, YoungH ol % 3364MBq, fr
A% 370mSvE 7P vt} Solomon(Fried) s ¥}
Young' 9] Fo# Aoli= 255.6MBq, FraA#H 2ol
2.830mSv o]t} 1581 Aread o] Fol# 721.0MBq, &
M 506mSvE 7P =3, Youngol T
411.1MBq, &A% 2.88mSvE 7F4 2tk Arealll )
Young™ €] Fo7 zfol= 309.9MBq, &M=
2.17mSvolt}. A It Folk Hlal A} Aol
5 Fojio] FrlkshH, 156M¢F 1419l T
Solomon(Fried) o] 532.8MBq= 74 21,
o] 3532MBg= 7HE At FEN S dE
U<Table 3>.
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<Table 3> Administered activities and effective dose

148.0-296.0MBq, fraA=F 385-7.70mSvE 71 =31,
Young®o]  Foj#  841-1682MBq, A
2.19-4.3MmSvE 7F4 vk Solomon(Fried) ¥} Young
We] Folak 2ol 639-127.8MBq, fr&X#® Ajol=
166-333 mSve|tlh. 154l Area® ol —r‘oq i
180.2-360.5MBq, &A% 385-7.70mSvE 7}
Young™ €] Folg  1028-2066MBg,  #&
1.75-349mSv= 71 St} Area® ¥ Young'®H 9 &
ol 7714-154.9MBq, &% #o]= 210-4.21 mSv
o|t}. ¥™Te-Pertechnetate A Fo] k& Qo] Ho2
S7kshH, 15419 141¢] Fo 7 zko]= Solomon(Fried)
Hol 1332-2664MBqZE 74 A3, Webster# o]
833-176.6MBq= 71 2t} frad e o] dEH o]
2] ekt Table 4>.
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gf“t'l\ileellz/IDPp ediatric  dose  formulas  of <Table 4> Administered activities and effective dose
¢ A between pediatric  dose  formulas  of
Pediatric Dose Formula ] 3 %° m = 99mTc—Pertechnetate
Age
Clark MBq 100 2032 3753 6279 Pediatric Dose Formula
mSv 297 284 413 4.40 1 5 10 15
Area MBg 196.2 3270 5024 7210 VB 27 5- 50.8- B 157.0-
mSv 530 458 553 505 q 5.0 101.6 187.6 314.0
MBq | 1850 | 3700 | 4788 | 5382 Clark o | 213 | 2a | 261
YWepster S 500 518 527 377 msv | ' ' ;
mov - - - - 435 4.27 48 534
Young MBq %69 2176 3%4 ATl 49.0- 81.7- 125.6- 180.2-
mSv 1.54 305 3.70 2.88 MBq %81 1635 2519 %05
Solomon MBq 592 296.0 59%.0 - Area : : : -
(Fried)® mSv 160 414 6.50 - mSv 378775’ %45’7’ 36257?; 360%’
- Adult Administered Activities 740MBq : : - :
“Solomon(Fried) : 1year = 12 months, Syears = 60 months, 10years = VB 46.3- R5- 119.7- 134.6-
120 months 9 @5 | 1850 | 2394 2601
Webster
mSv 3.65- 389~ 311- 2.29-
7.31 7.77 6.23 458
3.2 ¥MTc—Pertechnetate®] ZAol5olaf 2 & e | 142 | %4 | s | qoes-
S 1] y 9| 285 | 1088 | 1682 2056
L oung
axd mSv 1.12- 2.29- 219 1.75-
B Te—Pertechnetated] 918 ¥ 4 7F 2ol 2 & 225 | 457 437 349
a2 A= Mol Eolak _ o = 14.8- 74.0- 148.0- B
gA# A3 1HE Arealo] Fol & 490 9811\/[Bq a soomon | VB | 95 | g0 | 260
Sy ) . : ~
14.2-28, 51\/qu FEAF L1122 25mSVE 7W WE} 2% | 62 | 110

Area ¥} Young®H 9] Tl Afol&= 34.8-69.6MBq, -

g% Zoli= 266-550mSveltt. 5Al= WebsterH ©]
Fol3k 925-18.0MBg, 8413 389-7.77/mSvE 713
%1, Clark¥e] 7o 508-1016MBg, #FEATF
213-4.2TmSv= 7P vtrh, Webster ¥} Clark'{ €] F
olgf  Aoli=  417-84MBq, FEAF Aol
1.76-350mSvelt}. 104 Solomon(Fried)H o] Fof

- Adult Administered Activities 185-370MBq
“Solomon(Fried) : 1year = 12 months, Syears = 60 months, 10years =
120 months

Al 7F o

R R S S WY

3.3 Clark™] 7= AobFol%
M= HE

1A= Clark®® 2t Area¥o] 78.3%, Webster

682% =i, YoungW< 484%, Solomon(Fried)
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46.1% St} bMl= Clark HU} 2% =31 826% =2
Webster# o] 7} 2ol 7} =t} 104+ YoungB<S A9
g umx we] Clak®Rth %3 578% ¥&
Solomon(Fried) o] 71 2o 7} At} 1541 Areat Tk
14.6%%= 31 345%5-2 Young'H ol 7 vt} Clark¥-2
Young™<& Al9]stal Bl AbEH]Eo] vk wHolth
<Table 5>.

<Table 5> Pediatric dose formulas based on Clark Rule
percentage of output by age

Unit = %
Age Clark Area Webster Young Solgmon
(Fried)
1 100 1783 168.2 516 539
5 100 161.0 1826 107.5 146.0
10 100 134.0 1275 89.8 157.8
15 100 1146 85.8 65.5 -
4, 1z
a9l shiAbol A M Fole Fag Aletol At 4
obe] % et Foj gy el whe} A& o] BT )
231 ol AREahE MR theksly] wiitel] 24 €
A AEto] Folgitka sk ofelg Aol
oh 2 Aol ot At HA A Ao e
A A v EAG) ARE g8 Seldeeld 7}
% @ol ARg-ah= MMTe-MDP2 ™ Te—Pertechnetate )
NIl WAL FEAFS ol gdte] TR &
oFRol 4 8 FolPu FAMFS umwu}
A4} 5744 drobEolF B4 7 A Foj gt
A2 Young®ol 7V a1 1 %Qi Clark'8

a8)a ASE 7IEe R 4kEds ClarkH ¥ BSAS
7|02 3l Area¥S HIwEHA Clark® o] A3k
A3 71 Aol 146-783%°th o= FHAHAA &
FAS flEate] Altetes 349 B A HlEol
H3] BSAE Este] Alhtshs 329 & 4 H&

o] ok 079} =7] wiE-o]tH19,20].
B Aol Zo) 571 Ao
ol FAAAZTHAKPET) S a4
Accorsi 5(2010)2] A4 % Young
Zago 1 thEo® Clarkol Atk Accorsi
(2010)¢] = & Atk vhEAl A"t 73 9] At
dolHE o]&ste] A Fe-57F AT sE
(Noise-Equivalent Count Rate Density)& S41o.2 2}
LalQaL o]& 2R FoFs AEstivHIzl
ZoMAAE 7IE o R AbEshe A dE S Ve
2 AR 34 A= vlale vaskE = "3‘33—4
719} Al gke] defok gk Accorsi 5(2010)2] A
A= 2 AT vloly A o] EATE & A+
o mpR AR Areatio] =A UTHI2) Gelfand &
(2010)9] A-ollA BSA#EO. 2 AtE3dl= Area 3} 999
o7 AEdhs Websterfi o] A Folg2 Hlalskgl
=4, A AFol A Webster#o] A A== AcH13]. 2
2} 2 AT A= 5A1E Al9Jshal BF Areatdo] =)
Uitk o] ¥ 2159} Gelfand 5(2010)2] -0l 4] AF
&3 BSAgko]l th27] wldl A o® AlsErt
Arofe] WA o) ofF ol ES Aoyt A7l whet

=
=
el

320l JEske AR AF X9 FobA] 7] Wil
TS AAs] Skl 1ev FEARS Aoyt
237shAA AT o] ol 7] wiitel] AFEA]
Hobe WAbsd Rl Yty AdAor AR
S/ E TR oA RS wEA] F
7¥ehz AL ot AA] Aol A= Area' 2} Webster
HE 15A19] FEM o] o8]y 1A1R T WA ALk ATk

AT AAE A ghel o] 74 holRo g T
o] EAS AT davt vt Clark™2 48919 B+
Al T0kg 7102 AFEs7] widell Al HEol
AA gt AA = qbEo] st AR S Aol
t} d& EH BAF Aofe] A5 QA A7) At

AFsES e8] @il = A5

& 1A o]atE AREabA] Hetar dEel mE A
o a3 4 glek21]. S
gke] Aopnk Ak ¢ Qlow, FE 1A HRke] Ao} 4k
Zol| AF8-3HH22]. Webster2 13 0] =2 Aol A
¥} Foffo] Ak 4 lvH21]. 18 ALl Area> Clark
WHRTE AREEFo] 078 AR 1A 7] A3 e

7o s Clark® Bk 57 A4 o] A=
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