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Brachytherapy Obj ect-oriented
Treatment Planning Based on
Three-dimensional Image Guidancet
The introducti{)n ol radionuclides
adjacent lo or within regions ol tu-
ror in lhe hLrman body has a long

history (1,2) .  The i i rs t  such use was
reported in  1904.  l jnderstard ing of
lhe basic  b io logy and the c l in ica l
rationale for radium rse was the
g0rl ol the Paris school (2) just al
tcr World War L Radiatior dose

Dfcscripii(N was lurther refiDed in
i\,lanchester, EnglAnd, ir the 1930s
(3).

ljecause the dosc and ck)sc rates
io some parts ol the sLlspcded i$
nror  t issLrcs are h igh,  opportoni t lcs
Ior both cLrrc and co0rplications
are pfesent in brachyiherapy. lo
d€line treatments that reach nner'
ance in oormal tissues, guidclines

ftr criiical doses to seonetricauy
defined poinis were .leveloped
(3,,1). These close iroinis were de-
fined with {ixed rules with tegard to
the assembly of three-dimcDsional
(:lD) inlormaiion lrom orthogonal
images. On the basis oI lhis geo-

metric hlonnation and wllh the nd-
vent oI .omPuter plannlng, lhe
dose disiribution is now typically
determined ni thfee .'rthogonal
plaDes to evaluate a bfachytherapy
implant. Nevertheless, the basic
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strategy lor implantatiol in a pa-
tietrt has b€en relatively iixed lor
many years and is highly depeD-
dent or a I€w fonrt doscs (1,2).

l hree-d im ensioDal nnaging (5) oI
patient analomy by nreans oI conr-
pute(l tomograDhy (CT), mrgnetic
resonance (Mlt) imaging, or ultra-
soun.l (US) can now provide rar
nrirre detailed views of brachy-
ihcrapy irrpla ts. CT Is a readjly
availAblc 3D inragiDg modalrty (5).
lL  prov ides super ior  geonlet f ic  ac-
curacy and cxcell€ni visualization
oi normal aualonry. MR imaging has
the advatrtage oi providnlg inr-
provcd tunrr visuallzati()n (5)
These nrodalities can be used aiter
the surgical prccedure to insert ap-
plicators into the body. The plar-
ning then concerDs the raclio^ctive
source li)adnrg of the applicator,
needles, et ceiera, ancl/or the ac-
cepLance of the i'nplant. US has the
advantage of providnrg realtime
guidance, which is necessary when
placing pernanent implaDts (6). In
other words, the step-by-stcp intro
du{ibn and accepLarce of possible
source locations may be achievcd
in the surgical sLl1te with US.

Recently, improvements in com
puter hardware and software have
lacilitated 3U visualization of
brachltherapy inrplants (O. Tbe
new imagnrg advances (relative to
plain radiography) now offer the
opportunity lor improved ilD evalll
ation ol the dose to tle tunor and

to nornral tissues. Nevertheless,
brachytherapy procedures require
real-time decisio s aboul the radie
isotope distribution pattern and
othcr issues. lt is possible to orga-
nizc the llD daia that arise Irom the
irnaging inlormation and the Plrys-
ics ol ihe radioisotopes irtc' 3D ob-
jects that may be analyzed tr a uni-
fomr anner. In this chapter, I shall
desclbe the methods used ir aDd
present examples ol brachytherapy
object'oriented trc"rtnlcnt planning

bascd on 3D inlage gLriclance.

MIIHODS

In this chapter, CT irf(xmation is
uscd b illlrstrate the apPlications.
Howerr'er, the nelhods presentcd

ay be used for any oi the imaging
modalities that are available.
Throughout th lsc l rapter ,  cont( )ur
ing aD object" ir a pafticular CT
sectlon relers to the point-by-point
outlining of the boundary oi the ob-
ject 1n that section.

r objects
All entities in the procedure are

classllied as objects aDd, once con-
structed, are treated geometrically
on an equal footirg. ODe caD divide
the objects irto the lollowing three
classes: image-based target objects,
sourceholding structure objects,
and dose siructure objects.

lnnge based ta\et objetts.-
These objects are defhed in terms
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oI their delineation (contouring) on
sedal sections of the CT data set. A
method for constructhg a ilD ob
ject has been preseDted by Chris-
tianser and Sederberg (8). These
objects include targets to hit (eg,
tumor volume, (eNix and 'rterus in
carcinoma of the uterine cerix,
vagiral wall and vaginal wall plus 5
mm 'n carcinona oI the vagina,
prostate gland in prostate cancer)
and targets to tniss (eg, rectum,
blaclder).

Soutc? hoklulg sttucture objc.ts.-
Raclioisotopes are ordinarily clepos-
ited inio siructures thai either con-
taln them throughout the duration
oi the lmplant or guide their depo-
sltlon. These objects have a knowr
construction and are sometimes
llexible and sometimes ol a lixed
shaDe. These objects are clefiDecl
by their appearance jn lhe i raging
data set, their dimensions, or both.
KDowledge ol ihe achral shape (dl
menslons) oi rhe source hoklers
caD (a) help iD correctioD lor clls-
tortions in the data set dlre to Da-
tieDt motion and (b) providc pre-
clse lDformatlon on variatlons in
lhe source nraterial ancl internal
structur€ orientatioDs,

Dose stucMre obJ?crs.-A nutrix
of dose 0r dose rates calculated
ihroughoLrt the geometric rcgion of
the implant is also an object. There
may be a dose object lor each per'
mutation of radnractive source
loading produ.ed by the {hoices ol
source strengih, inseriion or dele-
tion of possible source positions,
or even radioisotoPe selection.
These objects are the result oi cal-
culation of dose in 3D. Examples
(1,2) are seed?oint .lose calcula-
tions lor i.,dinel25 or irklium-]92
sources, cesium lllT linear sources
(either alone or in the presence ol
highdensity materiat shields), h
192 wlre sources, and I-125 seed
sources with anisotropy correc-

I Plinntng
Objecloriented decision making

involves, first, acquisition ol the 3D

J
Figurc t. Diagranr shows thesourcc objccl rclcrcnce lraiire
(ri.t,lz') and Cl coodinale oyst€m (x, y, r).

image claia eiiher alter or during
the implani procedure. One tllen
deliDeat€s the anato,ny and source-
hokling stnrctures. This Dern)its re-
coostructnm ot solid object repre-
sentaiives ol each stnrcture. Selec-
tiur of calculaiecl dose matrlxes to
Iill each soufce stfuciure is the
next step. Ihe orientation oI ihe
dose nratrix is required for deteF
mining the dose inskle the CT coor-
dinate space. A dose rate matrix
,(/') can be calculated f{)r each
source-shield-applicator siructure
relerenced k) its own intrinsic cc
ordinate system r'. The CT coordj-
nate system is afbitrarily chosen to
deline the total dosd specilication
.oordinate systen r,

Iti general, any solid object is de-
fiDed in 3D space by using six coor-
dinates (9). A converient set ol c{,-
ordjnales is the object center (4)
plus the three Euler angles (d, P,
/), which define the rotation ol the
principal axes of the objeci. A point
p in space (Fig l) is given in cT
space by r = 4 + /,., where { is the
source center and f" is the vector
Irotn the source center to point p.
The position ol p in the source's in-
trinsic frame is given by the follow-
ing equation:t(t,, A /) (r,) = 

". 
lo

determine the Euler matdr E from
the iniage data requires (for the
most general case) the relerenciDg
ol two ofthogonal axes for the

source structure io the nnage clata.
Because, in general, thesc axcs arc
rotatecl in CT imaging space (Fig I),
they cannot be dir€ctly deljneated
in ihe image daia.  lhe method used
for shlelded ovokl source aDDlica-
t ion (10)  lD carc lDoma of  the uter ine
cervix wjll be presentecl here tu il
lustrate the indircct imaging of the

The 3D treatment planning pro-
less must first siart with th€ identi
fication of the tandem and ovoids
conlponents as imagcd in the cT
scan set. From this, the relatlve po-
sitlons of the soufces and shiekls
Inust be deterfltioe.l. fhe reality of
serial CT inragiDg is that each sec-
tion shows a vohrme averagiDg ol
electron clensiry over a given sec-
tlon thickDess (5). I.ientifiable high
atterGtlon marks o ahy imge
section do not necessarily inply
that the opaque naierial lies at ex
actly ihat pixel position. Each pixel
represents a voxel of material. In
fact, even iI the sectidl thickness is
very narowj stnall errors in digiti
zation, patient motion, or both caD
still make direct interpretation diffi-
cult. Thus, it has been iound to be
easier to have kientifiable markers
to orient the objects in an indirect
manner-namelyj one in which the
source Positions are calculaied
lrom infornation provicled by aver-
age properties .'f the structure in
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t*kl-r,*,1.'l)[lauE2, Diagram olara(lioactive soLrrce-holdingconsisting
u r r  | | i t r l l i  r . ! .  r n  o \ o  '  .  '  r n  r l  p  r . n r  r . l v . e w  r r .  f  n i r - v  e
torAlong (he axis oi the source handle, and d is Avector h thc
Ila( skle race oi the ovoid. On the top vjcw (botiont) ol lhe co!
postnt, the tDlt veckrs*, andzr definc thc sourcc-in(rjnsic x wh€re /,r(z) and r?(:) are the z

compone,rts of r,,r aDd m, resDec-
tively. Another criterion is that the
angle between rn and the source
symmetry axis be 105" (Fig 2). lhe
Dext constructloD infornratioD is
thui the distance irom the so(rce
center to the source handle inter-
sectioD Is 4 mm. Last, the x dxis of
the asymmetrlc source Is perpen-
dicular b the llat side oi the ovoid.
ODe therefore outlines a line d in
the flat skle of the ovoid in any CT
sectioD whereiD the llat side of the
ovokl is in full view. Therefor€, the
tlat side line is contoured (call lt
vecnx a). The unit vector alorg the
x axis oI ihe source.1. tnay be de'
termined with the followiDg equa-

^lz)

^  a x m  .
a m l

'Ihe equations lor the source cen-
ter and the transfornlation matrix
can now be derived hom this inlor-
maiion and are given in the Appen

Thereiore, to summdize, Irom
the outlines ol the applicator
ovoids, the z esrimate from the
scout scan, and the outliDe ol a liDe
anyvhere on the flat side of the
ovojd. one cm completely deter
mine the three coordinates of the
source center and the three Euler

(3)

tlre set of CT scans. lhis iniorma-
tion and the knowr construction 0f
the applicator yield the source c(}
ordinates. The problem, as dellned
here, is to stari with a set oi source
aDd appllcator components, where-
in the intrinsic axes of the source in
ihe applicato are initially aljgned
wlth ihe CT .!xes, and then find the
transformation thai translates and
rotates rhe soLrrce aDd applicatff
in 3D such lhat the soLrrce and ap-
plicator lies in Lhe Dos'tion and ori
entation thai it has in the CT data.

One solutir)n is to create a 3D
representatiou oI the applicator in
the patieni fron thc CT scans and
translate aDd rotate a perfect solid
nodel ol Lhe applicator into as
close a coincklence as possible to
the reconstructed applicator fronr
the imaging data space. Alterna-
tively, or in addltion, a method to
calculate anal'tically the sought-
for transformation lrom the CT
data based contouring procedure
(and aided by kDowledge of the di
mens'ons oJ the applicator) is use
ful lor saving time.

I 3D Aslmmetrtc Sou-rc€
To illustrate the latter, consider

ihe case oi a staDdard Cs-l37 tube
source that has been loaded into

the ovold of a Ileicheriype appli-
cator (10). The colpostat is shown
scheoratically in Figure 2. lt con-
sists oi a handle and an ovokl
(which refers to ihe end ot the col-
postat that hokls the source). One
must find not only the center of
the source and the 0ri€ntation 0l
its synmetry dxis, but also the x
ancl y axes of the sourcenolding
cavlly in the ovokl. The latter is
necessary to determiDe the orien-
tation of the asymmetric close clis-
tribution (produced by the axially

distributioD of radioactive material
in the source plus the asymmetric
dlstfibLrtion of high-density tmg-
sten naterial in the shiel.l ll0l).

lo. ease .'i discussion, the serial
se(tions oi the CT scan set deline
ihe z dis of our coordinate sys
tem. The first step is io estimate
the CT z coordinate of the source
handle iniersection (denoted as
r,,,[z]). This may be esunated to
withnr a millnneter or so with a
scout image. The next step is to
calculate, ftom the drawn outlines
of the c.,lpostat handles (loops in
Fig 2), the centers oI these outlines
(4.). An average direction cosine
m is calculated with the following
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angles needed to brlng the source
and appticator into alignment with
its image in the CT scan set. Note
that no single ponrt is directly iden-
tified except ior the source-handle
z coordinate estimate.

Rf,SUIIS

Clinical data have been used io test
the method. ln figure 3, two views
oI a clinical case are shown. The
tandem source dose matrix is ap-
proximately axially symmetrici
heDce, deieniinaiion ol axes per-
pendicular to the longitudinal d\is
is unnecessary. These dxes are not
shown in !'jgure 3. Note that ihe
four taDdenr sources are connected
togeiher aDd are centered in the
tandem as ihey should be. lhe
lower half of Figure :l shows that
the x axes ior both the left aDd
right ovolds are perDendicular to
iheir flat laces. Figure 3 deDicts
good agreement lor the solid sur-
face reconstruction and the
meihod described hereiD. The :lD
display of all objects (FIg 3) pfo-
vides a quick quality assurance
check of all aspects of the C f oLrf
IiDiDg procedure (ie, careless mis-
lakes are magnifiecl at reconstruc-
tion). The procedure has been
found to be quick, easy, and fairly
accurate. The only adjusnnent
needed to date clinically (30 cases)
is to adjust the z estnnate ol the
source handle nrtersection point by
no more than 2 mnr. Because a:l-
mm CT section separation is used,
this adjltstment is reasonable. Alter
one makes a lirst guess ol this posi-
tion and ihe result has been visual-
ize.l as in ligure :1, reeniering a new
guess oI this coordinate is a
straighuoNard processi aftey that,
it is rare ihat a second guess is
needed. Wheiher such fine tuning
is necessary is determ'ned in sec-
onds by rotating the objects in l'ig-
ure 3 through several views.

The .esutt of this process (Fig 3)
shows that 3D visualization aids in
ihe quick veritication oI the results.
In the example considered, the col-

REhr Ovoid

Dostat itsell had high attenuattoD
(I0) and was easily vlsuallzed with
the CT data. TransDareot objects
woukl requlrc the lDtroduction ol
high-attenuatlDg'tlummy" materi
als iDto the appl icator.  lhese
dummy markers can be deslgned to
permii recoDstrLrctlon ol the apDli-
cator positlon iD a manner analo-
golrs to that shown here.

Once the soLrrce positions and
their orientations have been con-
firmed, the source strengths may
be chosen. lhe coniributioD to the
dose at any point D(r) in the pa-
tient is the weighted sun) ol all the
individral source dose natrixes, as

- . ,  $  . . , , . ,u\rP t= L l l  rD \+,  ) .  rs)

where N, is the Dumber of sources
(each wiih its owD separate coofdl-
nate sysre'n transformation) and I,
is a source strength in units that
depend on the method ol dose ma
trix normailzation. By choosing the
weighting and calculating the dose
over a 3D grjd of points, oDe can
display the dose in three ways.

The first method of dose display
entails ihe acquisition oi arbitfary
sections in the patient and display

oI the lsodose lines on that section,
These isodose liDes may be super-
imDosed on a calculaiecl CT recon-
structed plane as shown in |igure
4. The top hall ol figure 4 shows
the reconstructed CT seciioD as a
llD object 'sliciDg" through the aD-
pllcator-analomy objects. Th€ bot-
tom hall of Figure 4 chows th€ iru-
age of the recoDstructed section
and the pojnt A isodose line, which
lies on thls nnage. Note th€ high-ai'
tenuating tandem and ovoid shad-
ows inside ihe isodose line and
compare with the section object vi-
sual'zation in the top hall ol the fig'
ure. This is the traditional presen,
tation ol dose (wiihout lhe CT sec-
tion). Many isodose h* may be
put on the section, or a color wash
nuy be calculated aDd superim-

Posed on ihe reconstructed cT sec-
tion. Finally, note that the sect'on
.,1 interest is not an actual CT sec-
iion but a reconstructed section
dd that the hformation used to
decide where to best section the
object ensues lrom ihe same pr.,
cess as the source matrix orienta
tion calculations in the Appendix.

The second method oI dose dis-
play is the one that we are nlter-
ested in for the purpose oI this
chapter. A dose object is created
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Ftgrrc 5. Reconstructed objccts ironr f l scans denr.nstrntelhe isosurfa.e solid
ob jed  coverace o l rhe  L tcnLs  Th(ovo i . l s  a re  la r t la l l y  en .Losed b)_rhed.se  (56{ :Cy l

out ol a particular 3D iso.lose suF
facc aD.l is presented along $'ith its
re lat ionship to the col lcc i ion o l  ob
jecLs representnrg thc anatoniy and
the source-hokler structure. The
creation oI such an object is pos-

sible with the 'nar.hhg'cube algo
r i thm ( l1) .  An example ror  the
tfeahnent oi carcnronra ol the oieF
ine cervix is shorvn in Figure 5.
Here, an isosuffac+the surlace in
space that goes through the locus

of points. all with the special his-
loric (il) point ]\ dose rate is
shown. Thc rclationship ol the
point A dose raie slrface to the
uterus nrdicares that this isosur-
face easily surrounds the c€rvix
aDd much oi the uterus. ligLtr€ ;
also indicates $'bich positlons ol
the uterus have dos€ rates less
tha!  that  at  poin l  A ( ie ,  the podion
of the ut€nls Lhal is visible in Fig
;). New isosu ace dose objecLs are
creatc.l iD sccoDds. ljv selectively
choosing .liflcrent dose isosu aces
to djsplay, o.e can quickly appfeci
ate the localion and Dragnituclc of
the hot  spots lo  L l r€ rec lum and
bhdder |or exanrple Figurc 6
shows a s ide v iew ol  a 75.( l -v /h
dose fate isosLi r ia .e louchi ' rg  lhc
rcct lun.  lh is  ind icales lhe maxi
Dnnn .losc to thc recturn lof this
inrplanl .^llhough it rppears tlr.It
thc l ) ladder a lso in tcmccLs thc ?5
diy/lr sLlrlacc !r |igurc 6, dalion
lo ( ) l l 'eL v iewj i  s l ' ( ,ws (hal  lhc 'dosc
ratc is  a l i l i lo  ioss. l l  i$  c loaf  lhat  l l l )
d isDlay ofdoso obj (x l ls  c l l r  a lswcr
al l  rc lcvr l t  ( l in ica l  q!es l ions in  t l

Thc th i rd dosc presc! tat ion
schcnrc is a dos.lprntied surlace
,) l ) ject .  F ig( t r .7  sho\ds rhc iaDdenr

d ovoids aDpl ica lor  nD. l  thc
pat ieDt  s  rectLun and h ladder sLrF
fa.e dose rates lhe out l ioe o l  the
reclun rDd bhd.lir in the all dala
set has been Llse.l to gcncr.tc Drany
polnLs on lhe sLrr facc of  tho r .chnn.
' lhese geo ret i ic  polnts are then
fr)rmed lnto a list oI poillfs iof dose
calculation. lach poir]t is con-
vcncd nrto a snrall sphere, and
.ach object's color is detentn'ed
by color mapping the dose (in l.1g
7, black represents a dose fate of
gr€ater than 6{) c(ly/h). So. in faci,
t|ere arc approximately 1.(Xl0 ob

lects i'r FigLrre 7. All but three of ihe
olrjects (namely, the tancl€'n aDd
ovoi.ls) are snnple, small spheres.
For the exanrple in Figure 7, one
notes thc large exteDded contigu
ous area exposed to dose rates 1n
excess of tj{) ccyr/h. Appreciaii.D of
the afea oJ rectunr exposed to anir
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olhef  chosen levelo l  dose iate is
acconplished quickly and casily
by snnply changi'rg eith.r thc
cold fangc or  gr iv  scale afd by
chanqjnq th€ vie$,ing argle.

The seneral treahlert planrhg
sche a is deplcted iD l:igurc 8.
' lhe 

largest  t1 'nc.omfo.cnts in
Flgnr€ I  are access o l  the Cl  daLa
and.  esper ia l ly  cor tour iD{  o l  the
o) lecLs.  Al  our  iost i tL ' t id t .  th is
t$es no m.fc  than l . ;  ho ' rs
Nlcth. . ls  to  cal . I ln l .  lhe dosc
vary in  conr  rL€r i1!  a. ( .  l rencc
l ine:  howevef .  p 'ecalcul { t i ln '  o i
source s l ruc lLues is  ( , (11 ' rar i l r

c l iu icd ly  accct) ta l tc ,  rn. l  th ' rs .
t lL is  is  rht  r  corst r r iu in{  fac l r ) r .
' l ,c  

fest  oL lhe s lc t )s  i r  J i (urc I
l r l ,c  5c(o,rds.  c \ (  e t )L 1( ,  l l ( ,  issu.
r ) l  c ! r lua i ior .  whir 'h ,  [ , ior1 s1)r ] ! ,
wlu l  subi ( \ ' l rvc, . r r  hs l  r f !
r i r i ( n u r r  ( , t r i r n f  d ( l  w i l l  ! , i ( i
(  r .ss. ( l  . ls . \ ! l ) . r (  Ar  r in . r iL i ( r r . (L
, t  r^ \ ' .  l l t r  r ln iLnl ) i l i1 !  in  1.n l  L i i r i { '
id l fh(  l iv .  l l l )  nr r ' t i i rq  r l r l r  w{n i l (
, r l l ( ) w  l [ ,  l ( ! r l ] ) r ( k  n l  l L ! ,  l r n L , n r l
( ) l  | iq i f |  S Lr)  11, l r r r  l ( '  L l rc  inrar . ' i r | j
r r t r la l j lv ,  !v |1(  |  w( ! i l (L  ( ! ' r l )1 .  , )L i (
1o r ) l ) l iDr i r .  l lk ,  s( )Lu1. l ! )Lr l i iLrJ
s l n ( l r u l  l x ) s i l n n r s  ( n r  l l r .  l ) r L s i r  r n
h o w  l h r i  d o s . , ) h j . '  l  s l r ! ( l ! r f s
w.r . . lynanrnal ly  (har i j l i l r j  rs

A|ot |er  appl ica l i ( r r  is  l . rn l )h lc
lunled nec(Lk i rn | lants Id '  .ne i -
nonrr  ot  lhc vnglna j lh  Lhe use 0 l
s i r ings. l  l | . l !2  seed sources
Bf  achylher  rpv oLject  or  iented l l l )
planoinc |as sir]lllle llurctnlrs
such as deteDDi'ri'rg qtrn h
ree.lles rfe iD or olrt of thc tLunof
( target  n)  h i t )  or . r i t i .a l  s t ructurcs
(target to miss) Figufc 9 sho\ds
tl'e iJD anrtony and a 22 nc..ll.
nrplant The vagi'ral cylindcr ind
the iemplatc that  qujdcd the
needle iDs.riions ar. sho\{n as ob-
jects. Th. n...lles nrside the rec-
iLnn or bladder aie obvious ud
thLis shoukl rot be toa.le.l. ln a.l.li
ti.nr. Figuie 9 shows thrt a fe$'
leedles lic mostly orrsi.le the taf-
get; the reDrai'inrg Dcc.ll.s arc i'!
s idc the tafger  volume. Cfeauor o l
a 3D dose object for each needle

aD.L scL. . l i ! .  l ! rn i lc  ! !  o f  o{ f  o f
var io"s .o.nr inat io ls  quick lv  en
rb l .s  th.  t r .a tne. t  p lanref  to  dc
.i.lc strich n..dle to load with
i lhar  lenqlh o l  reed st fand.  Thc
. lose d ispiay tec l t r r iques pre
s0r ted i f  F igures 5 ;  caD be usc. l
I the saue liarrer

l )eplan op n izat ion. t  IFI !2
ree.lle teDdate inrplanls can be
pcr fornred quj te quick ly  t . igue l0
shows thar  creat ion o l  a gr id  ob
jecl lhere viei{e.l rrom thc side)
can help in regislcfi.q the com'

fn lef  s i r iu lat ion of  nedl lcs ( r r t
s l r i$n)  bei !c  i ' !p laDt-- .1 B.cause
these nre (nalable objc . rs ,  rc la-
r i . t r  1 l r  a  v lew dl . rg the ax is  o l  lhe
phvsical lv  possib l r  rcnrp la le or  ien
laLi ' rn  ( ie  whefc th.  vaginal  c  ,  i r l
.l€r is seeD on en.l) .nables cme lo
.lesign a .usnrnrjzed Lenrdate pat
teD (b l  us jnq lhe qr id,  $ 'h iLh ro
tat.s $'ith the anatonv objeds. t.)
nreasu'e the needl. nlneedle fela
l i  rsh ip! )  Dur ing thc pr .p larn ing
stage sbaighl  .eedles a.e as
sumed, rhe d.se .listributior is .al-

lerilitl

r*

\
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culated for variousstrogtn load-
ings of the needles, and the final re-
sult of the preplan-namely the
number of seed slrands, the num-
ber of seeds per stand, $e
strength oI sources, and tne tem-

plate dsign-may be determined.
This part of the process uses dis-
play techniques similar to those
shown in Figures 5-7. The template
can then be iabricated wit}l apprG
priately spaced holes and be mde

ready ior the actual implant proce

DISCUSSIOIT
The historic characterization oI the
3D dose with a lew lixed points has
tong gulded brachlherapy and $dll
continue to be useful. lt is clear
that 3D dose4uriace images have
the potential to ameliorate the
treatment planning process. With
thls information, we hope to dis-
cover refined therapy glldellnes to
help the phlBlclan avold generathg
complications.

Brach,lherapy object-oriented
3D treatment plannlng has been
presented as an eilicient method
for providing improved brachy-
therapy plaoning wlth 3D imaglng
modaltttes. Brachytherapy ts par-
ticularly suited to thls imaging de-
velopment because, even when llm'
ited to plain orthogonal radlo-
graphs, 3D locallzatlon ol radlolBo-
topes and 3D representation ol the
dose as characterized by dose dis-
trlbutlon on three orthogonal
planes have been standards ol
practice ior many years, Therelore,
3D imaging itself is natural ior
brachytherapy, and, cleally, the
use of CT, MR lmaglng, and US can
lmprove the reliabillty of the treat-
ment, Moreover, the acquisition ol
detail€d anatomic dose distdbution
data and thelr correlatlon to subse-
quent follow-up clinlcal lindtngs
can help us to improve tlle treat-
ments in ihe luture. I

APPENDIX

It is 4ecessary to flnd th€ center r"
and the odentatlon ol an object
with principal axes char4cteriz€d
by th€ unit vecto.s rs and zs (4 is
then uiquety defined). The unit
vector.rr is given by Equation (4),
and rs{, m, and 4rc have a1l been de
fined in the text. The Iength oI the
source is denoted by r, and the
angle between the source axis and
the vector m is I (105' in reference
10). The distance betwem points

l92vaglnaltem-
platehDlant.All

position oeft) to
whlch they might
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L and 4 is t (0.4 cm in reference
10).

h . (  \ ) i r ( )  )  ,  , . ,
n - /a \ , r /

Az=d-l,^). (Ag)

(A1)

(A2)

(A4)

d = (bc / a)-[ i"(y)/ is(x)],  (As)

e = rn"(x)f +r;s(z), (Ac)

f = l i"(z)l / [ is(x)],  (A?)

1,,"..ut' f,,.f -f Xt+"-t)
L + d  + h

(A8)

Flaurc 10. Three-dlmensl{rhl rcconstruciion, APrePlan Cl'
scar is used to re(onstroct thc targcl, bladder r€chm, and
vaglDalcyllnder. AilD grid object is used to deternin€ optl-
mu tr€edlespadngon the basis oi thc dose calc]'|lation. |rorr
rhis, lhe tenlplate (see lllg 9) is dcsigncd and Iabricaled Detore

(A3)

(Ar0)

P = r."r[ (Al5)

(A16)

i . ( r )
o = ( + l | : l n _ r : - .  ( A l 4 )

whereK= 180' i Iz , (x)  < 0,  K-  0 '  i I
z"(, > 0 and :JO) > 0, and ,( = 360'
ii;.(xJ > 0 and z.a-r) < 0. Then

matrlx t is delined t]
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(r(d,o.o)ir),
t(a,0,0)4"

[1i 1".p.01;,1 I/=,,*'[ ;t"to),.,-]

The luler

i .( i)=r,r(.r)+^r, (A11)

,,()) = r"/'(),)+ ^),, (Ar2)

,s(:)=,t/ ]( i)+&. (A13)

The source center coordinates are
given by r = r.rl tz.. The Euler
aDsles (l,, p, /) de given by
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