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THE DEVELOPMENT OF A MATHEMATICAL PHANTOM REPRESENTING
A 10 YEAR OLD ¥OR USE IN INTERNAL DOSIMETRY CALCULATIONS'

S F Dayy’and J W Poston®

ABSTRACT

With the inomssng growth of nuclear snergy mnarsung facilites sstimams of absorbed doss o pOpUlstIOn
goum (ap childrenl are mquirtd 0 sddvbon ohildeen s Bang axposed 10 ey Auciasr medicine procedures and
wxuraty dogy mbimate we nevced. The mam purposs of tha mwarch B o dEngn & mathemanical phentarn
rpreianiing s docgly .1 posdole & 1 ysar sid child

Tha pheniom wa NiMelar o thpe 1o tha sdeit phentom af Smpdier ang Fohee but wieral changss were mec
i the desipn to make the phantom mont ndoiie Thess changes [ncfuded the sddition of neck and fest, placing the
amm outide the trunk sachon chenpng the shepe of the trunk mglon snd & edevign of the male mEnitele mplon
Sevars modifica¥om wary made a0 the sdesfized skaleton For axenpe e skull nbe peivis wing scapulm  and
ddiciss were momipmd 1o spproximate mom dossly the tue snaromics g Some inteenal orpens wam mach fad
= & renit of the shove chenges. Them orpams included ®m bvain e liver snd the lape sod amall inbetine.

Howavir jn §l coex a0 atmmpt wos mades 1o medify tha sheges and Ipcstons m s maomer such that ey woe mon
mprmsntne of thoos of dwa 10-yesr ald child.

A description of the phentom and it ufifiny will b poesented. Extimitss of sbiorimsd deie oieinad with thie
phantom amm axpecwd 0 be nipgvficondy cdiffrmnt fram thoks sHimabnt datived tioagh the o of dmpisr models
Thase di Harerica ard thelr ugraficencs will be siac discusssd

INTRODUCTION

With the increanng growth of nudear snargy penaraung fecihties, estimatey of absorbad dose to
other populstion groups {e g, children} are mouired In sddition, children are being sxposed to many
muclear madcing procadurs and accurate dote estimates s nesded. Srryder end Fisher recognlzed this
need and resortsd on the dengn of sbx phantoms for use In dosimetry calcuintions™! The phantoms
cormponded to tha espas O (newbom), 1, 5, 10~ 16, snd 20-vears {adult) In sctuslity, the phantoms
of ages youngir than the aduft wers obitained by meducing sech of the thre regions of tha aduit
phantom (head, trunk, avd lem) by facton chosen to be representative of the particulsr sge. All organd,
o, within aach mgon were “shrunk” by dw same factors and changss In organ shaps, location, w,
ware ignomd
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The phynlologicel genmatry of u child Iy diffsrent from thet of an sduie. For uuamphm the
wiight of the head with respect 1o totl body weight is greater for a child than an adult'® the trunk of
& child is more cyhndrical than the sdult tunk (which s besat mpresanted by en sllvptical cylmder}
ana'®! some (nlernal organy, such st the thymut gland pre ferger wath mapect ta othar major organs in
tha child, Such factors ms these may lued to gross uncertalntios i caleulated doss eatimates for childran

The purpose of this research was to davelop a phantom representing a 10-yesr old child snd to
wse thit phantom ax the basls for dosimetric studies stmilar o the edult. Phantoms represanting children
of spet O Inewbom) 1, b snd 15yesrs hava been designed rnmﬂvm B This phantom the 10-year
old* mPrﬂnnt: the test of 8 weauence of phantoms considerad neceszary for dose ectimation
PuUtposes 9 An mihiat [rterature survey was made to datermine orpgan mass shape ang locaticn in B
mekmal 10-year old child These dats wers vsed to consiruct 3 mathematcal representation of the chikd
for use in computer calculations of ehsorbed dose for typical exposure situatieons Although the design is
ot yet finalized this papars 15 intended to report racant progress ang to pomnt o @ design which may

represant tha ficst in a new generatian of phantoms for padiatric dosimetry

DEECRIPTION OF THE PHANTOM

In the desgn of @ phantom representing a 10-yasr old many anatomical factors ward
considared The ather phantoms i this group were deugned i1 a manngr sirmilir to the adult ghantom
of Snydar and Fishar'd! However for the 10-year old the objective was to make tha phantom s
rmalistic as possihle Thus the new desgn has several features not ncluded i sny of the pravious
phantoms. For exampla tha neck mgion wat more realnbcally designed the arms were taken out of the
trunk, and the trunk was redenigned to allow for the approprate thickness of soft tisue between the
outer surface of the phantom and the spine and starnum 1n additon the geniteha region was modified
idefined as one quarter of an ellipsond} and a eegion represanting the feet was added These new featurss
ara ppparent 0 Figures 1 and 2 Similar changet weare made in the design of many of the internal organs.

Skenloton

The head regton was completely redasigned to be much more realistic A mand\ble wes clearly
defined and a3 regon representing the teeth wins added Thus modiBcation was recessary (0 ocder 1o make
the phantom uszful in the evaluation of dental x ray axposures,

The shape of the cramwum was represanted by an elipsod cut by » plane The cranlum also
contairy the brain which has the sama general shape a5 the inside of the ermum In addion there ane
opsrings in the skull to represent the eys sockets and the nasal region These fastures are thown mong
chearly m Figure 3

In the trunk regon the rib cege {ribs and stermum) wers completaly redetigned. In privedus
desigs the ribs wers parallel to the XY plana end esch rib had ther tems dimensions snd mass.
Previously, na provision was mada for & ragion represanting the itemum Tha naw rib coge wis deseribed
s the region Batwenn parts of two concentric stlipsoide Figure 3 shows the new design clearly

In order to be compatible with the newly deiped rib cage the spine wat designed to hewe an
5" thapa Tha spina has an elliptical cross sactlon with the uxis increming from the thorstic mgion to
the lumbar region. As can be men from Figursd the pelvis wst redesigned kaeping in mind the
miationship batwesn the superior aperturs {or Inlet) and tha inferlor sperture (or outiet]) The illium was
defmed w » region bevwesn two concentrie elliptoids while the anterior part of the paivh {the of publ
and schium| ate defined a5 being located between the halvet of two concentric ¢ircular eylinders

The total mam of the skelston was 4573 g The mas of the bome wes 3313 g red
marrow had @ mats of 800 g ond yetlow marrow was assigned 8 mew of 680 g The masses



— Tenysar-odd phentom (AN mesurss st In cantimetersl

Figum 1
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Figure2 — Front and side view of tsn ywar-old phantom (Al maxsurss are In centimeter)
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of the red and yaltow memrow 0 the jndividuni bones s watl as the bone massas are showe In
Tahle |

Tabta |
Maztns of Rad and Yellow Marrow and Bore in the Phentom

Hone Ragion fAed Marrow (g} Bone (g Yollow Mamrow (g)
Arms

Upper 263 1G9 243

Lowar n4 w038 415
Clawicles 67 il 20
Legs

Uppaer B34 a21e p2s

Lower 2% | a3oe BOO

Ankles and Fest 44 1 1954 821
{nnommntes 8k 3230 42
Ribs and Sternum 558 254 2 436
Scapulan 252 12749 19
Skult

Cranum 439 32 7

Mandible 41 758 14
Spina and Sacrum 130 800 5 B2 5
Total 800 O 34130 G800

inwmsl Orgars

Marry orgens wers mideiignad In order that the orgers fit Ino the new thape of the runk and
the skaleton In some cies, howsvar, & thape slmilar to thowe of Snyder and Fisher'?! was used Spece
doms not permit the lating of the detallted squations, ste. bere  Table Il shows the omgan w for
many of the internal orgens. In wddl these date are compared to the deta of Wellman #t al™' " whe
stiributed most of the dats to Spector''?) Our nalysis of Spectors dats did not produce tha same
valusy ar reported by thewr authormn Howsver thw differsncas can not b conildered significant In
genersl for the phawm proposed here organ mmam wra clightfy lower than thoss proposed ten 1o
twenty yean sgo



Table 11

Suvmmery of Orgen Weights for the 10-Year CHd

ORMNL Wellmer =t al

Crrgan

fy {al
Brain 11355 1313
Bladder Wall 22 -
fntestines - 820
Kidnays 178 187
Liver 896 814
Lungs 426 523
Red Marrow 500 -
Yellow Marrow 560 -
Ovaries i2 as
Pancreas 27
Skeleton 45713 -
Splean BO 1m
Stomach BA 80
Testes 18 20
Thyroud 88 B0
Towd Body 32,000 33 500

UTILITY OF THE FHANTOM

The phantom described bnefly In thiy peoer repemsents snother stap toward mplistic models for
e ot dosa estimedion This desigy wall be incorporated into Mone Carlo dossmetry codes #td ssumates
of abtorbed dosy will be obvained for meny wxpowure sitetions. Howswsy 1t 1 difficuly tb prachct
sccurstuly the affsct thiy more reslistic dewign will hava on the fiakd 1t is welN known thet chikinn s
being expoted in disgnostic radiology and nuclsar medical procedumes. And  further, it 1 Important that
scourata dose estimstes be made svarisble so that benaht 1k evaluations tan be made' 0 Preluminary
wumates Indvcata large discrepanciss {for vome organy) between the dasa estimate: obained from the
similitude phantom techriqua pnd the newer pedistric phantoms,

It is snticipeed thet chis phantom end the Monte Carlo dow code will find spplecainity in
peclntric rediciogy ed pedrintic nuclasr madicineg  Mors relisble dose satimates for cersin medicsl
procedures can foous the sttention of the madical physicht on tha necessity of optimizing the sxporure



whils provicing the best chinical informetion  Evalustion of the swpomre of population groups such ag
thildren to the sfflusnts of nuclewr powsr reactors fuel procasung plants st in another obvious
application of thr development

SCUSSHON

SYED | heve twe quesiions Whet s the difference batween the nswer model and the old
modal and how much diffsrance 3 thers 1n abzorbed doze sabmate? The second question 4 how ded
vou get tha different values for the merrow and tha bone %ar & Y0-year otd child? If from autopsy deta
bt you get the mamow cut of the bone?

DEUS In tha MIAD No 5 model, the hoad neck and the trunk were cylinders and dicin t have
& plare cutyng i front and the back was not rcurvad

SYED If | dont use your refined model how much srror will | make 0 estimating the
rachation dosa?

DEUS Wal! wa cant sey that would be the difference in absorbed dose at this point We
would be ahle to answer your question only after we tinsh

SYED The sscond question was about the mamrew and the bones of a 10-year oid chld

DEUS 115 & good guestion amd 1 wat very difficult 1o gat the man of those bones Wa used
Borisov and Marer For the percentages of ssch bona with respact to the whole body skaleton A factor
wii tied from Bardeen correcting the size of the head and other bene: of an adult to the 10-year-old
The values for tha marrow were taken from Bernard Schisien who gvas the percentage of read marrow
v asch bare and from the Aeference Man report wa have the tota! md and y#llow marrow Bs a
hunctien of age This 19 what we used and the references ore included in the proceedings with the paper

RESUMD

Com o surmintt do Aumirs O spupementon de garsclo de snerge nuclser ufs sETTMatvE preces on dose de
radtecis sheornide pels parts os populnSc nio ligads & Urebeltos com raduclo m far Aecendde. Especisirants
smpattants § 2 determinsgio de dosa sbeorvide now Orglon dos indfvicuos da perte o populecio rpreRenTICe petE
oinem O prncipsl obisivo deste irsbalhg 4 o desswvolyimento o wm fantasme mutemdiica fepraenisnde  da
mErRics ik pricoedd pos Nl uvss Doenda o 10 k0ot O iceds

O fantéimé wrd dirklse fd foemie a0 fBntmirs a30ito de Snyder 4 Fisher ponim diversss mudsnoes fonem
fita A0 Ot s tormio mels nelisico, Edsl rudevgs incfuicsm o sdicfo de ym pascoce ooloceciy doi bracos
fovd di regulia do irorco, modificeclio ne forma do tmnca & dis Grpdos genitels Diversst modificapdes foram feite no
Mottt Por wiemplo o oo de cebeca costelse pelvie GHube Wbl seclpules o cdevisula forsm redesenhace
u fim ce sproximaremn sinds mals des formes snatBmicem el Alpur drplion Intirnos como o alngto pulmies  Fipeda
inhintino delgedo & iMesiine gromso foram tambdm modificadiol wm comikguiinegs das mudencas mima. Em todos i
cubow . mockificacSe forem feites ndo o8 nes formes mum ernibm ned poslples dod Srplos 8 Dake e muneire tat e
wow fomm mals represeristives da crienca de 10 enow e [dadk

U dadiricEs o0 Teriative & sud oilideds sivd spryssrisds Exlimstives da doms sbeorvide oltide cOm ete
e leme podaile e dgnificentimants Rfeventes dee wtimsivn felis uinds modelos mels dmple Enss disnscm
4 wuy sgnificadsd savdo tamblm ooyt ded
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