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TIIREE-DIMENSIONAI, APPLICATOR SYSTEM FOR CARCINOMA OF THE
UTBRINE CERVIX

K. J. WEEKS, PH.D. AND G. S. MoNTANA, M.D.

DetarLrnenl ol lt iati(nr Oncok)gy, Duke University Mcdical Ccntc., Durhrnr, NC

Purpos€r lntracavilary dose pr€sffiption for crncer of lhr uterinc rcrrii hrs becn blrs€d or the usr of phne
o.thogonul film!, Compuled lomography (CIl nnd mag'lrlic rcsonane inaging can proridr thre-di r sional
(31)) anatom ic intormation vith rhich more sophhlicaled lre!1men( planning cln be carried out, l hjs llorh
de$c.ib6 ! new tand€nr and oloids design thal permils tuodrrn 3D do$imetry ltnd hlrs the samc phcemenl
flexibilitt for fie physician as the applicalors currentlt b€ing uscd,
@elgleb,The €xterDal shape ot lhe Flelcher-Suit-llelclos (ISl)) Drinicolportnl landen rnd oroid$
sJslem has bcen uscd as a ntodcl to build s prototypc of a ncw .pplic.lor. l he prolotypc colpostals arc constrnctcd
out of ahminur nnd sttel. Thr tandems nrr mnde ol nlun Nun. Thc Flctcher sl rlds arc ehnimted. A ncr
mcthod ol stug huusten for dos€ attenurtion and shicldirU has beer dcsign€d. Longih,dinnl align,ncnt of the
luDg(en $hield$ Drrkes the new slsl€m possible. lhh rpplicalor is Cl-coDpatible.
Itosulls: l)ose calculations for ihc ncr dcsign .rc cornparcd 10 a conrDercial ve$ioD olthc ISD applicalor. lloth
the aluninuDr prololtp€ and s riNple extension oflhc prolottp€ (o a plastic llpplicalor syrl€m are coNider€d.11
h shown thut the principaldittcrcnce in dose is thal thc dose is rcduccd h the rcgion irlcrior 10 the ccnlerotlh.
oloids. r\ll conffgurntioDs (plastic cnDs ol| or off) aro cqrivnlcntly dricldcd lbr thc nc\r dc cc. Ir addilioD, trD
intcflncdisic miri-ovoid conligrrat n (a b0 rsod cll lcallJ via ihe irtroductiotr ol a D-shrDcd cqD. 'Ihc ltrtlcr
fcduces thr high dosc to thc ragiDsl muco$sl surlrccs.
g1]!g!!!i!]1: For a sitrglc ovoid, r coml a son of dosc with tlrc ! SD shons dilTcmc$; lrowcvcr, lhc dillero ce h)
dosc ls nNignili(rnt vhor tho corrplotc applicator, trmdcnr, a d ovoids aro cor)pnrcd. with this nr$ ApplicAl ,
it is now possiblc to accu|| lat0 ycrJ accurnt0 aDd dehilcd 3D dosc"dlslributio|| data lbr thc criticnl structrrcs
and othcr poinls of jntercst in the yicinitJ of tho Applicntor. Tlrcsc dAta vill pcrmit l\turc:rnnlJsis ol thc co'r'c-
lation ol dosc and outcomc lhr carcinona ot thc ccrvix. o I t97 Elsclie'. Science lnc.

llctchcr-Suit-Dcl(los, CT, T{ndcN n d ovoids, Ccrvix canccr, BmchJlhcmp}, Applicrtors.

INTRODUCTION

The Fletcher (4) intracrvitarl rpplicrtor lbr lhe ucrtrnenr
oi canccr ol thc ulcrinc ccr'vix was dcvclopcd on !hc basis
ol lhc cxpolicnoo ol lhc Munchcslcr tandon and o\,oid
systen (22), desi8ned for use with radnxn sources. The
origiral preloaded system was lnodined by Sxit./ r/. (21)
and converted to ar afterloadirg systen to rcduce expo
sure to personnel. Olher inrprovemenls (1, 3, 5, 7) lbl
lowed and cullninaled in Delclos's design o1 nlnrico\,os
tats lbr use when the vaginal laLrlt is nanow or dist(nlcd
(il)- An inpo arlr .ispcct ol Lhc Flclchcr applic,rtn dosign
is the xse (r1 high deDsiLy metal shields Lo rcducc lhc doso
in the direclion ol the .rnlerior rectal wrll and thc bladdcr
trigone wiihout dccrllsimg Lhc dosc to thc ccrvix andpal1]
cervical are.is (2. 4).

Wlth ihe Fletcher  systcm. to obta in thc most  desiMble
dose distribution. the ovoids should tre closelo thc vagin|1
rpex lltld sepomled liom elch other .rs Nrch rs possible.
Tbe rretal shields in the ovoids (typicrlly tungsLen alby)
of the system provicle ad.litionrl spadng ol the blndder
and rcclum. The mioicolpostat conligurarion (8. 10) rc
sults ln rerluced shieldnrg. Both dre ovoid sepa.rrion aod
lhe shields decrease dre dose lo lhe rcctum and bladder
(4, 6). when dealins with a narrow or amromically dis-
toried vaginal vault, the fegulaf colpostats cannot be sep-
afated properly. and lninicolpostats may have to be used.
lhcrcby incfca\ing lhc bl dder and rccLal do!e. This in
, r r a , \ ' , r h c ' : , \  l h  r . r n p l i . d t i  r ' . . . i r ' . .  t I .  .  . : ' , ' r ' r '
lation betlveen complicarions and toral dose to fiebladder
Jnd recr  n I  l -15.  l0 \ .  KrowleJpe o qe 
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lationship between the organs at risk. ntmely. the bladder
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fig. l. Fletchef-Srit-Dclclos colposrils (iighl) rnd lhe rhnri
n!rr sLee colposLxts (leil) ol'd]e prrscnt wor'tri.

METHODS AND MATERIALS

ln this anicle. compadsoD is madc Lo the sLaiDless sleel
FSD applicator (8). When fie latter is uscd withoul an]
caps, it is fefefled lo as a minicolpostat conllguration and
is denoted FSD-MC. ln this configuratior the colposta!
ovoid has r cross scclion in fte shape of rhe letier r. The
radius of curvatufe of thc ovoid is 13 . A.ldition of a
cap with shield! produccs a cylindcrlikc ovoid \ri1h di-
ameter of 20 nxr. Additional caps may bc allixcd to n]
crease the cliameter to 25 or 30 nm1. A prototype of the
new applicrtor has lreer constructed which has external
dimcnsnms and shape virlually identical to the FSD-MC.
The tandcnis and ovoid heads are construcied fron alu-
minum and are black aDodizcd. Thc colpostnl handlc and
separation mechanisn arc madc oJ stlinlcss stccl. Figurc
I shows the FSD-MC and the alLuninum niodel descfibcd
in this stucly. The ovoid internal structure is mlclined to
prcducc a passageway (Fis. 2) to holcl the source holder
in positior. The tandems (not shown) are rcplicrs of thc
standard comnercial shape, but are nlndc of rlrnri llm.
The Fletcher-Suit (FS) shields rrc not Lrscd in this appli-
cirlol, A new anangement of tlnlgslcn nrctll w s irnPlc-
mcntcd. The source ca[ier is :1 singly nucliDed piece ol'
rungslcn ro which lt sleel inserler fod is auached with a
stccl fin. Thc tungstcn ca ier (Fig. 2) foughly resemtrles
A half segnrcn! of a cylindcr wrll. Thc diffcnsio|rs ol the
leli colpostlrL tungston sourcc ca icf rrc givcn in Titble I
in cyliodfical coodinates lbr cach ol thc scoti()rs W -w6.
Alu jnurn ovoid dimensions orc also givcn iD Tablc l .

aod fectum. nd thc shicldcd rpplic t()'s is of p 0ulo!n(
impo[aDce $ detemrinc tbc dosc givon to thcsc or'gAns
(9).  The t ladi t ionAl rnethods of calculr l ing thc dosc to
Lhoso ofg ns witl djopaque contr'ast irDd oxute$ is no1
suificientiy 0cculrte. Prcvious invostig l(ns ht|vc notcd (9,
I  l .  l l i )  thal  computed tornogmphy (C]) could bo uscd to
obt.rin a l.rr nnnc accumtc char'actedzatiorr of lhe dose
disrflbudon. Tow0|1l ihe nchicvcmon! ol this gorl. Wccks
d/ r/. (27) iroodxced r C'l'-compatible, nxxliliod plaslic
Flctchcr applicalor systcm. Ir thal design, the Fletcher
shiekls werc attached to the source ca -iorand nltcrlordcd
into tlre applicaror. Sirce rhe cliametef of ihis shield is on
the order of 12 nnn. ihc colpost.rl h.rDdlc dianlerer was
enlarged (17. 27). The bulk ofihe applic,rtof handlos madc
placcnic l in thc prtient rnore diilicult, obscufing the view
and hen,:,e pfeoluding lho roulirc usc ol this device. With
lurthef [rodification of this applioator (26). it is lbund !i)
be satlstactory in aboul 50% of patienis. 'he applicator
dcvisod in Lhis work has none ol'those problems, sirce it
is basically the samc cxtcrrrl drlpc:rs the Fletcher Suit
Delclose (FSD). It is made possible by .L ncw .rpp,oach.
The standard shields of the Fletcher applicator have been
cli nrarecl and shieldhg is achieved in a ditlrent manner,
which will bo dcscibcd. This .rllows rhe applicator lo be
the same size as ihe standard Fletcher applicator. lvhich is
wcll known 1.' $roft sarisfhciorily. The prircipal charac-
teristics ofthi! applicalof Nr! (i) lull shielding etlect wilh
the minicolpostar confisurarion, (b) nnnhal intefereDce
with CT imagtug, and (c) dose distribution and clidcal
use similar to the FSD.

Fig. 2. (Uppe.) Exploded view of ngster source cdrief. (Mid
dle) Slde view ofcolpostit. (Lowcr) Top vicw ofcolpostat. Rcibr
to Table I for dimensions.
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Tdble t. Coordn.fcs (]m) toL rhe computer modeling of the tungsten soDrce carier (W) and alumnrun ovo hcad (A)'N
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" Sco Fig.21br coordhatc systcm and gcncrul locarion.
I Piece is cu oli by the plane r = -4.0 nr.
I Piece is a Rat plate ofaluminum which prodrces fte nat part ofthe D shape.

The alufiinum ovoid r'epresentation in Al-A8 approxi-
mately models the shape of the aluminum head. Cross-
sectional views of the ovoid head afe shown in the lower
par! ol'Fig. 2. Thc dinensims in Table I are tbose ol'the
rcgrilar-shaped pieces which are used i0 the computer
modeling to rcpresent thc snNoth machinc-li ished prod-
uct, Tho tungsten doscriplioD (I'lr-W6) i$ almosl cxacl. A
thin steel clip (not shown in Fig. 2) is silvel-soldered to
the lungsten cylinder wall to keep the source centered on
the bottom platlbrm (Wl and W2 i0 Fig.2). The radio-
&tive sotlrce is droppcd irlto lhe space belwecn this clip
and thc tungstcn wrll (W!).

Thc cssonce of the dcsign ol this applicator is that the
cesium tube source is enoapsulated in a senioylindrical
filter of tungsten. Photons transversing the tungsten
obliqllely lndergo greater attenuatjon than photons which
arc emilled pcrycndicular to thc lungslcn scnricylindcr.
This js simply rcprescDlcd in Fig. 3. In the Flercher.ip-
pljcators, the shields resemble sectors of a circuld plate
of giveD thickness. The sectors are placed in the applica-
tors so that they will be betwe€n the cylindrical 3?Cs

source and ponions of rhe rectum and bladder. The radi-
ation emitted in the direciion of the protected tissue im-
pinges on ihe shield in a direction approximately perpen-
dicular. To increase dle level of attenuation ihe thickness
of rhe shield mnst be increased. To increase the arca of
rissue being Foiected, tl1e mdius mustbe increased. Note
rhat in the Flercher and FS (i, ,+, 2l) applicators, s, and
S, (Fig. 3) are one piece and there is no lninicolposLal
configxration. Thc FSD dcsign splils thc lraditiontrl
Fletcher uppcr and lowcr shield picces into two pieces
each (see Sr dnd S, in Fig. 3a). The reason for this is that
thc flat side ofthe, must cutttuough the space occupied
by the shield. One paft of the upper and iower shields is

built inio lhe applicaior (sr in Fjg. 3a). The cornpleting
part (Sr in Flg. 3a) of those two shlelds is incorpolaled
into the plastic cylindrical caps which caD be 6t over the
D-shapcd ovoicl head. ln lhe minifial D-sbaped ovoid
head, no cap, and hence no shield Sl Al€ prcsent. Thus,
aD FSD application which usc$ thc nini-ovoid (l1o clrps)
rcsults in rcduocd allcnualion feluxive to its Fsliko oon-
figurations (caps on the FSD ovoiclt.

Relbrl,i0g !o Fig.3, lhe difler'encc in lelilrivc allenualioll
el'lbc!bclween thepresenl wo* arld thc FS dcsign is schc-
nalic lly illuslrated ir two dinrcnsions. Figurc 3a illus-
tftrtes the posilioning ofshielding S, and J: rclative rc the
radiation source hoving a Dunb€r of point sources a-./
emitting radialion. It is clear that lhere is no differcntial
attenuation from source elements /ril 10 lissue poinls ?l
and ?,. Thc strcnglh ol lhc radiation inpinging on the
reotum R is attenuated (shown in solid line9 by passage
ilxough attenuating material sl and s:. A similarcompar-
ison coxklbe made for the bladderB. ln Fig. 3b, rhe pres-
ent design accomplishes lhe reduction in {irse to strlrcture
Rby longitudinally aligning a matedal Mr such rhallongcr
path lengths ofmaterial arc traversed belbre radialion im
pinges upon R. In Fig. 3b. one noles thal Lhc maLcrial Mj
nust be haversed nr the palb fion thc sourcc to Lissuc
point 7r. This produces a redlcLion in dose iL 7 rclalivc
lo poinl 7r. Howcvcr, Lhis cnD bc pirtiilly conected by
placing anothermalcrial (M] in Fig. 3b) such that thedose
to 7r xnd 7, is morc closely balanccd. Mnterial Mr in the
prcsent design is tungsten and is located in the source
cdffier. In fact. it is the souce caffier. Marerial Mr is alu-
minum and is located in the colposrar ln fact, it is piece
A, in Table 1 and Fig. 2. This two-dimensionai (2D) de
scription is generalized to 3D using a compuler- The radii,
angles, and lengths were varied so that the linal dosc dis
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tdbution is similar to the FS. The final resull is summa-
dzed in Table L

Dosimet c design of the new applicator was guided by
the dose calcuiation and geometdc algoritbms presented
previously (25). This dlgorithm was compared to experi
mental data, and once again, il wds found (24, 25) that the
inverse square eiTect alrd simple attenuation domnates the
rcsults. The effective attenuation coefficient (25) mea-
sured for aluminun is 0.016 cm t and dle coefficient for
tungsten is 0.123 cm I. The smallness of the aluminum
aLtenualion coeflicient shows that the aluminum has a mild
efl'ect on the dose rates, Measuements with a diode in a

F
Hg
H
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water phanrom were used ro confirm (24) drc calculated
rcsulls for the new applicator. The agreement (:t37.j) at
close distances (<5 cm) was well within experimental
measurement uncedainties aDd is adequate for glinical use.
The asymmetric active source distribution of the com-
mercial cesium source (r9) was used in a[ the calcula-
lions, since that is the source which is used for the mea-
surements. The dose rates calculated here fbr the 3M-FS
agreed within a lcw percent of those presenled by Wil-
liamson (28), despite the uso of a ditlbrent model for thc
ce. ium.ource. In lhe iol loq ing. aU dose-rule comparisoDs
are normalized such that the dose rate from the various
applicator designs is the same vahe at a distance of 3.0
cm lronr theradioactive source. Ifthe source strength used.
for the 3M-FS ovoid is unily, then the soulce slrength
needed for the aluminlrm design is 1.014 and lhc source
strength for the plaslic design is 0,923, In other words, the
aluminum ovoid attenuates the source 1.470 more thnn the
3M-FS, while the plastic applicator attenuates the source
870 less.

Res0hs are prerenled below for both thc aluminumpro-
totype of this applicator and an obvious extension of this
work to aplastic magnetic r€soDanco imaging (MRI)com-
patjble version. Schoeppel el al. (16) showed the ability
of MRI to image tumor volume with the plastic applica-
tors. Hel€, an aluminum prototype was produced instead
of o plasti0 prototype becnuse (a) it cost less, (b) MRI
scans aro Dot As rcadily acce$sible as cT ones, (c) no
dummy sourca ca$iers (17,26, 2?) drc Deeded, md (d) it
allows rcaltime 3D CT-based dosimetry. The last tlio rea-
sons nrise because the aluminum construction of the tan-
dem and ovoids makes identificntion ol' the opplicator
components in eaoh CT image dice relnlively ehsy. As
can be seen in Fig. 4, both the tandem and ovoids arc
clearly visualized. This obviously makes the applicator
capable of being very quickly delineated in the CT scan
data using thresholding techniques. The 3D treatmenl
planning '23) (un rhu. be auroma(cJ Ar)d cAn bc perlormci l

w

Fig. 3. (r) Schem0tic of baditiounl FloicLe! ovoid shield concelt.
(b) Schernatic of new ovoid shicld coDcep!. ln both (a) md (b),
4 is a Dotul in lissuc inlbnor !o the ovoids, and 7, is a tissue
loht supeior, i.e., lowad the cewix. R(B) signifies rccturn
(bl.'ddcrl

Fig. 4- Computed lonogaphy scan image showing tdden, rc-
tal lube, and Ieft and rigbt ovoid cross setions.
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in a shot peiod oftinre. nllowing the CT based treannent Pt P z
planning to be completed before the npplicalor nccds 1() a a
be loaded.

o

o

RESULTS

We begin by considertug the dosc dillcrcnccs lirr a snr
gle ovoid. Figure 5 shows a crcss scction of lhs lclt col
postafs ovoid along with a Cadesian coordiD tc syslcm
and reftrence poiots tbr dose-rate compafisor Table 2
conuins a comparison o{ calculated dose rates at lhese
points. The point,r = 0, ) - 0. . = 0 is ccntered in the
ovoid. Thc ) axis i! pcr?cndicular to the plane 01 the tig-
urc. As is well knowr. plastic caps are uied to incre,rlc
ovoid diameter whenever patient anatony can accom
moclate them. The bare (no cap) configurarion of the ovo
is dcnoled "nini". A 2{)-nnn (outer diameteO plastic cy-
linddcal shcll c n bo pl ccd ovcr lhe D and thereby tbrm
tle smal l  conf igurut id.  Simi la y,a25rnn(3{)-n )plas-
tio cap prodLrccs nicdirff (hrgc) contigurariors. For any
dcsign, thc largcr thc caf is, the lower is tbe ovoid slrdace
dosc r.tLc. Thc c:rps incrcase the Ladtus (R) and width (W)
ol thc ovoid. n rnd Wnre det ined in Fig.5 and thei |values
orc given in Tnble 2. The Alunrin m,crpisacomplclcly
sepiurre new configuflrtion. In Tablc 2, poinLs P rnd P:
wefe rised to set tlle norrrlizaliur ol thc slfcngths ol lhc
sources; Lhusi the dose nt drese poil]ts afe identical for all
Jn| l l igunrrn| l '  The cl . t  r t  the v: ' ! inr l  'L| l l iue , :  _epR-

scntcd by Lhc calcular ions nt S . . ! : ,  and,tr .  Conlprf ing dre
Drini  conl lgurrt ion$, thc doso r, t ,  l in thc Al-nr ini  or the
pl0stic rDiDi is less th0n the 3M-FSD valuc, ovcn though
the close mtes at Sr and ,t: are no dlffercnt. This is because
the new mini dcsign has n slightiy l ger width but lhe
sarne mdius ol cuNalue.

An .rdviint go ol thc ncw dcsign is that rcgardless of
oap conliguralion, thc rccruln and blAddcr arc shieldcd to
the srme extent. This is seen by conrparing lhc rosults
fbf the Al-mini to the A]-sn ll and mednrn for the I .rnd
a poinls in Table 2. Conrparison of rhe Al mini to the
3M- ini rcsulls lbr tlre R and B plroe poinrs in Tabie 2
shows that thc dosc ralcs ire less fbr tbe  l nini except
fin points Rr, Dr. and i]6. Ovcrnll, thc dosc is lcss !o tlc
regicnrs above and below lhc ovoids wi!h thc Dcw dcsign
of shield. The results for the pl.rslic lnini versior of thc
new design are also siven in Tablc 2. Almosr al l  d i l fc l
ences of point dose rates are a litlle largel when conr
paring plasric (nrstead of allrninum) to the 3M design.
Once the 3M-FSD small caps afe put oD. the 3M srnnll
shields the poirts above and below the ovoid quite a bit
beuer than ihe 3M-mini (see pohts R?. Rs. and Rre). The
3M-smal1 and the Al-slllall dre a closer compafison thar
tbr the minis because the 3M-smallis now tully slielded.
Since even fbr the 3M desiern, going to the medium con-
liguratlDn is justadding rnoreplastic; themedrumresxris
arc basicilly unchrDgcd lrom the smrll, excepl for r re
duction in ovoid surfacc dosc raies- The nerv aluminun1
D cap rcsults are notewo(hy. The dimensions lbr lhe D

11)

l.ig 5. l-eil ovoid c$ss section lbr defining poiits lbr'Trblc 2
dosc{alc comfaisnr. fhe ! dxis is l)ell)end ic ltu to page. Poiits
P,. Pj, J,. Jr. trrd.5, lie ir the phDe ol the llgure ()' = 0). Points
,,J,-/i L ntrd ,t -8,, lie ̂ L drc locAtiols ol'lnbcls l . . 11, but rlc
2.0 cn xbove and below drc plale ol'Llrc 1ig rc, fcspcclivcly.
'lhe width (Iy) of rhe ovoi(] nd rh€ dius of cuNrirrxc (R) rrc

t

!)

o t.r

(q

cap in Table 2 rcslrlt ir a snuller ovoid volume than thc
snall coniiguration. However, the sud0ce dose f0les fbr
S and Sr arc the sane as the 2(fnn (smrll) cap resulrs.
Fudhcrnr(nc. tho rcct,tl and bladdcr phnes are fully
shielded. but dre width is closc to 3 nrnl lcss. Hcncc. this
intermediate minicolpostrt cap lnay obviate some ()1 the
objecdoos to xsing lr1inicolposrats 0nmeiy, vaginal mu-
cosa c0nrpl icar ions).

Figur! 6 shows a compltrison hetween,dose rates cal-
culatcd tir a FS .rDd Lhe new .rlunrnrun ovoid. Figure 6a
shows the comparison nl a coronal plaDc whicl i\ l.(l cln
below lhe bollonl oflhc ovoid (. = 25 nnn). In thc uppcr
right quadrant (r > 0. I > 0), thc rcsulls nrc virlu{lly
identical. One sees tha! in the shieldcd rcgions (i < (1. ),
< 0). theprotcctioD diftifcnco aflirdcd by thc two dcsigns
is variable. The 0.l2 Gy/h line is pulled tarther in (toward
the orisin) for the alulninurn desisn. whercas the 0.l0 Cy/
h line is father ill for thc FS. The prescncc of ths 0.10
GyA island region for the aluminum distribution indicates
lhat the dose rale for the aluminum is faidy consiant be-
lween lhe island 0.10 Gy/h isodose line and lhe ouier0.l0
Cy/h hrc. Farther to the patienls dght (r < - 1.5 cm),
ihe longiludinal lungsEn design causes all of the aiumi'
num dose l.|tlcs 1() bc less than the FS. The middle pari of
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Table 2. Dosc mtes (10 ' Gy/h) to labeled polnh [i, !, : (]r cn l iD Fis. 5

3 M3M AI3M

R

f, (0. 0. 3.0)
Pr (1.0. 0.  3.0)
s, (R, 0, 0)
sr (0, 0, R)
sr (R w. 0. 0)
RL @, 2.0.0)
lrr (0, 2.0. 0.5)
n. (0, 2.0. r.0)
n. (0.  -  2.0. r .5)
n5 (0, 2.0. 2.5)
n. (  0.5, -2.0.0)
nr (  1.0, 2.0. (D
nr (  1.5, 2.0.0)
n, (-  2.0, 2.0,0)
n,, ,  (  r .0,  2.0, 1.0)
n,,  {  2.0, 2.0, - t .0)
d, (0,  2.0.0)
d: (0, 2.0. -0.5)
, i  (0,2.0. r .0)
/3,  (0,  2.0. -1.5)
,3r (0, 2.0, -2.5)
l l ,  (  0.5.2.0, 0)
/ 1 ,  (  t . 0 . 2 . 0 , 0 )
/ tr  (-  t .5.2.0,0)
r, , ,  (-2.0.2.0,0)
aro (-  t .0.2.0, -1.0)
ar (-2.0,2.0, -1.0)

0.rJ
t .2

1 1 . 6
1 0 . 4

l lu .7
118.7
406.6
2',7.1
19.9
1 5 . 0
14.5

20.5
22.1
t7.9
1 3 . 8
1 8 . 0
12.1
22.4
20.3
t 7 . 6
16.0
l 0 . l
t 7 . 0
19.,1
16.0
12.6
r 6 . E
| . 2

0.8
1 . 3 5

I 1 . 6
10.4

I38.4
138.4
2r9.3
2t.4
16.6
I 7 . I

9.2
16.5
11. I
1:1.5
1 t . 5
14.2
t 0 .  I
25.6
1 8 . 5
15.2
r3 .3
rJ.6

r8 .5
t4.5
t 2 . 8
r0.5
t2.4
9.3

0.8
1.35

I 1 . 6
i0.4

139.3
139.1
212.1
20.3
1 5 . 8
r7.o
l 4 . l
E.ri

15.r i
1 7 . 0

I  t . 2

1 0 0
24.6
17.8
t4.6
12.1
8.2

1 7 . 8

12.6
10.2
I 3 . 0
9.2

1 . 0
L73

1 1 . 6
10.4
94.1
94.)

)92.2
2t.4
i6.6
) 1 . 1

9.2
1 6 . 5
) 7 . t
14.5
l l . 5
\4.2
1 0 . 1
25.6
Li l .5
1 5  2
1 3  3

1 8 . 5
I 4 . 5
l2.u
I0.5
t2.1
9.3

t.0
2.0

1 1 . 6
10.4
94.1
94.1

27.1
19.9
15.0
I4.5
9.8

20.5
1 5  E
I5.0
1 3 . I
15.2
1 1 . 8
22.4
20.3
t '7.6
16.0
1 0 . 1
l'1.1)
1 3 . 2
t4.3
12.5
t4.5
I  t . 2

2.0
I  t . 6
10.4
94.1
94. I
82.7
21.1

t '7 .1
14.6
9.2

16.5
t ] . l
14.5
1 1 . 5
14.2
1 0 .  I
25.6
18.5
15.2
r 3 . 3
8.6

I 8 . 5

l2. l l
r 0 . 5
) 2 . 4
9.3

1 . 2 5
2.5

1 1 . 6
10.4
63.0
61.0
61.4
27.+
19.9
15.0
t4.5

20.5
i5. l l
t 5 . 0
t 3 . t
1 5 . 2
1 1 . 8
22.4
20.3

16.0
t 0 . l
17.0
13.2
I,{.3
I 2 . 5
I 4 . 5
I  t . 2

2.5
t | 6
10.4
62.9
62.9

2 t . 4
16.6
t ] . l

9 .2
i 6 . 5
) 1 . 1
14.5
1 1 . 5
14.2
t 0 . i
25.6
1 8 . 5
1 5 . 2
1 3 . 3
IJ.6

1 8 . 5
1:1.5
t2.8
t0.5
t2.4
9.3

Ijig. 6 (a coIolrrl planc which bisccts lhe ovoid) cle0rly
shows the conrplelc ugrocmcnl lhroughout fie uppef di-
agonal podon of this plAnc. Tt ulso shows the rclative
rcdrctioo of dose behind the ovoid. ID thc lowcr'pill of
Fjg. 6 (1.0 cm above the ovoid) thc dill-orcncc in dose is
similar !o Fig. 6a except that the new design's shiclding
is no! cu! oll in thc region.r > 0. r' < 0, rs is traditionally
done in the FS [namo]y, 150" upper bladdet shield (4) as
opposed lo l80o lowerr€clum shicldl. Thus, the jsodose

lines at€ contuaoted in that regiolr.
If rhe aluminxm applicaior body is rcplaccd hy plastic.

rhe mrredat M, of Fig. 3 pfoduces Degligiblo a(cDuation.
Plrstic Mr ihrs cannol help balance out the radial altcnu
rLi( ol piece Mr. Thxs, additional differences beiwocn
Lhc FSD.tnd the plastic applicatordose dis!ibulions a.ise.
Figurc 7 sholvs a dose-rate comparison for alurninunr and
plastic conslruction of the ovoid, respectively. Figurc 7b
shows conplele agreement in the upper right diagonalre
gion. Thcre .re small discrepancies in the upper (z : 2.5
cm) and lower (r = 2.5-cm) planes. Fisure ? does in
dicate thal lhc dillerenccs bet\\reen the alurxnum and
plastic designs of thc ncw applicator are clinically
insigdficant.

One is primarily interested in the tolal dosc disldbution
ffising from lhe randem and ovoids togcLhcr. Fig re u
shows a direct comparison between the total dose ratedis

tribLrtions lbr thc FS And the aluminuln nodel with livc
sources kxrdcd into c.rch applicotor. The stren8ths of lhc
sources in the l rden] wcrc 108,72.72 pcy ln:/h in dre
tandem 0nd 108 pcy m:/h in c ch ol the ovoids (coffe-
spondjng to a 15-10-10 l5-15 nrg Rn cq. his lor ical  stan-
d.rd loading). A CT coordimie syste is uscd wilh lhc.
axis mnDing l;orn lbol to head. For simplioity. the ovoids
are centercd oxaLtly dl) = 0, : = 0, and .r: = 12.0 cm,
and a perfectly straight tandcn oxrclly bisects the ovoids.
The lhree cesium sourLes in thc tandcm are centered at r
= 0, r = 0, and i = 5.0. 3.0. and L0 cm. rcspcclively.
The upper lelt ofFig. 8 shows a sagittnl dosc distribution
conparison. The alrminum (solid liDe) rcsull is rcduccd
iDlcrior 10 the ovoids (. < 0). The upper isht of Fig. 8
shows an axial (: = 0) plane bisecting the two ovor(is.
Lalcmlly trom the ovoids ( r; > 3.0 cnt the differences
uc ncgligible. Betweer ihe ovoids (for ) < 1.0 cm),
the dillcrcnces ffe not signillcant. Anlerior and posteriof
dose ratc dillerences arc seen between the ovoids ( -v <
2.0 cm. l;yl > 1.0 cn);tbr the most paft. the dose raters
less with ihe ncw dcsign. The lower leit of Fig. 8 shows
a coronal plane which is ccncr€d nr rhe applicator and
which passes tlxough all thc souces in both tandem and
ovoids. Again, the new design has red$ed dosc bchind (.
< 0) the ovoids. The lower right ofFig. 8 gives thcresults
nr a coronal view 1.0 cm below the bottom of lhe ovoids
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opment of complications are dose depeldent. The pofion
of the dose of radiation given with the intracaviiary ther-
apy can be very sjgnificant. It is therefore important to
calculate this dose accurately, as the positioning of the
applicator in relationship to the tumor in the cervix as well
as the surrounding normal structures is variable from pa
lient to patient. The dose has been calculated historically
from onhogonal films. lt has been recognized (9) ftat a
true 3D unalysis of this therapy is a reasonable goal. This
c only be uc.ompl iqhed using CT or MRI imaging mo-
dalities to delermine the spatial relationship of the cntical
structures and the applicator.

The CT applicators designed previously (26, 27) por-
rdtted the usc ol CT dosimehy and allowed for the use

J

I

Fi8. 6. Lell u\orJ s|ieldcd do.E |1}re ' In I Cylhr coronal plnne
iomparisons lor a 108-pC] m'/h ce.iu,n source in rhe IM-FS
(ddslrcd line) and a 109.6-rrcy m1lh cesium solrce in the rlu-
,ninum ovoid Golid ljfts).

(y = -2.5 c[r). The difterences are conlined to the rcgion
behind the ovoids.

DISCUSSION

A very significant portion of the total dose required to
teat calcinoma oi the cervix definitively with radiation
thcrapy is administered by brachltherapy. With brachy-
therapy, a high dose ol'radiation is given to the ce ix,
parace ical tissues. and normal structlrres in the viciniry
of the cervix and parametria. namely, the bladder nnd rcc
tum. The probability of achieving local control of the 1u
mor in the ce ix and paracervicdl dreas and the devel

Fis- 7- kft ovoid dose rate (10 'Cylh) coronal plane conpd-
isons lbr a 102-pcy n?l cesium source in a plartic ovoid
(dashed li!e) and a 109-6-pcy n?h cesiun source in m .ln
ninm ovoid Golid line). both of the new desisn.
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Fis. 8. Tol nl dosc{aLc ( l 0 -r Cy/h) d istdbu tion cor)rE ison betwccn thc 0luminum dc$igtr (solid Lnrcs) and rhe 3 M-
FSD (wirh I1LLI shicLding) dcsign. A (And^rd londing h usedr thrce sourccs in thc landcN rnd oDe cach iD lhc
ovoids. A paljcnl coordirard systen is deiined hefe as the. rxjs |Llorijle liorr p ticnl lbot lo hcdd, the r rxis
rurDirg iionr p|licnr right to left, And Lhe r' axh ruInimg ||.om pstient poslcfior to rntcriof.

of Flerchef slr jc lds. This lcd to i i  dcsigD of the appl icator
ir  rvhich lhe handles of the ovojds worc ctui tc wjdc.
Therefore. they could be used only on piticn$ with
large vaginal vaults (17,27).  The appl icaior dcscf ibed
hcrc rcplcscnls ft sl'lbstantial improvemenl and makes it
possiblc li)r lhc usc ol shiclds to decrease the dose to
the bladder and recllLm evcn whon thc mini ovoids are
used. Il also allows a new ,-shapod cnppirlg which re
duces the dose lo ihe mucosal surfaoe. Furlhcrnoro. thc
appiicator is CT-conpatible and it may also bc .rdapled
fbr MRI dosimelry.

Extensive and careful dosimetry and calculatrons have
been condncted (Figs. 6-tl) fiar clearly deDonsirate that
rhe dose disrribution is similar to that obtaired with the
FS applicator. The ditYerences in FiS. 8 originate fron
fiose seen in Fig. 6 for a single ovoid. Superposition of
rhe dose rrtes tio'n each of lhe sources significantly re-
duces the diflerences because (a) ihe contribuiion of the
J", .  ro n) gr\en p.",r  l lorr  rhe . i . rJ(n 'our.e*
roughly rho lamc for thc Lwo designs, and (b) theposition
ir d1e patieri wherc thc dosc dillerence is largest for one
ovoid is nor the same position fof the olhcr ovoid. The
main differences lie inferior (: < 0) to thc ovoids. Ihc
ditTerences do not seem to be unfavor,rble lbr thc new

design. The dose ls l€duced slightly in 4 dosirublo dircc-
lion orrnely. away fiom the ulelus ard ceNix). Howevcf,
thc dil'terences are well known to be small rel0live to the
diflcrcnccs causcd by clinical positioning unce{ainties.
'l'o sulnlnarize the dtcnuatjor cllcct cstablished by tbe
prBsent work! Seneraliy lhe samo rclative rcsult is
achieved as in the FS for the critical organs ard tumor-
bcadng structur€s sxch as cervix, vaginal fornices, and
ulcrus. Ijowever, a difllrent pattern is crqated inferior to
the ovoids. ID slN{. a Dcw 3D dose disnibution is created
whi{-h is octuivaloDl in lhc crucial regions and dif}erent in
the other regions (the main djllbrcnce is that the dose is

This applicator is now bcing sed roulincly rnd no
problems hnve been encouDlcrcd. With rcspccL to the do
simeiry chdracieristics of this applicaLor rclativc to thc
srandard FS applicator and othcr applicaton avdlablc, a1
this poirt the reduced dosc hchind thc ovoids is simply
a theoretical consideration, since it would take a long
time to demonstrare any clinical difference. Given the
many other variables that delermine the outcome on the
lrcatment of patients with carcinoma of the cervix with
Lrdiation therapy. it would not be possible to iest the
dosil1lcldc diffcrences ofthis applicator in a meaningful
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w.ry clinically. On the othcr hand. ihe data being col
leclcd now wiih this ipplicator with rcspccl to the 3D
dosimelry can ccrtainly be compared with thc lilnr-based
{ D d o . , r ' . e r )  u u r u  r \ " , , , h 1 .  1 1 ' . . f r o \ i d e s - r . . , -  i r  j
melhod ofevaluation that lvill also allow for rcfincrncnts
ofthis applicator and dcvclopnrent ofmore accuraie aud
rcli.rble nethods of dose prescriplbn lbr carcinoma of

the ccrvix, which has been a reconneDdation ol thc In
ternational Commission on Radiation Units and Mea
surenents repoft (9).11sill also allow retl ospective e!.Ll
ualion of complications wilh 3D dosc clishibutions
cortributing to theknowledgc o I norm.rl li ssu e tolerances
in radiation rherapy. This work will bc prcscnted in the
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