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hree-dimensional treatment planning
s an important part of the radiation
therapy process, and there are numes

ous %510 sysieme on the markes loday Two

al thé maore commaon plans SYSLENS Are

Finnacle (Philips Medical Systems, Andovi

Mass) and Eclipse (Varfan Medical Systems

Palir Ao, Calih), Sophisticated software drives

these 5-0 systems’ and makes i possitile 1o

It ]".'.HI'."ﬂ 5 &l

wiively by providing sale
accurate and easy-to-use tonls 1o plan, evalu:
are and apimize radiation therapy

[For th past decade, most reatment

Tputed tomog:
vidled detalled

ang geomeatry

planning systems using co
raphy {CT) images have

mformacion about the de
of Imternal structures, Howe
which metallic implanrs such as prostheric
|':1|Z- (OGNS are present., distornons that ap

pear on CT scans ds sireaking starburses

o fOr cases In

challengs the treatmient planning sysoem's
ability 1o imterpret the den
This leads 10 inaccurate dase predictions
that could cause trearment ..-T.:-‘.'!'lg.:i':f;t!.t:.:t'h."
This siwuarion raizes ssveéral impomant
questions: Are thers dose distribution differ-
ences benween Ireatment fislds thar include

tvof objects

a metallic presihesis and felds that do not?
5 this difference significant enough that it
shauld be accounted for in treatment plan-
ming? Can ir lead ro overdosing or undardos
Ing a treglment argal

Prevdous research has tested the effecis
of trearment through a metallic prosihesis
A study by Keall and Siebers® demonstrated
significant underdosing of ussue behind an
irradiated prosthetc device. This underdosing
can be adribuied (o the abserption of dose by
the prosthesis and the scater of particles later-
ally off the prosthesis o other tissies and even
ourside the trearrnent part. In the teatment of
et tissue sarcomas of the exrremities, "it s
imperative (o spare at least a {-cm sirip of soft
tissiie In the crcumlerence of the extremity w
avold subsequent edema ™ Because hurman
lome and metallic prostheses have differen:
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densiies aod atenuation Propercos. 115 as-
surmedl thar prastheses contrlbuie mars seater
than bone " Floweser, Row much more scatler
i unknowrl

Ihis study asgessed lateral seatter yadia-
than off a metallic prosthests, The goal was
o determine whether the esad seatier
Is significant enough to concribute 1o dose
outside the feld, thes cormpramising o
miarging anc, in particular, the margin lef
far lymphatie drainage

We hypothesized that the varlanee 15 sig
mificant and that the lateral dose contributed
fram prosthests scatter s distribated oursicle
the field edge. The results al this study may
indicare a need o upcate current freatmasnl
planning svstems so that dose calculations
differentiare between a metallic prosthesis
and Bone within a treatrment hekd, 1t may be
appropriate t incregse lateral marging for
limbs with prosthenc implants te account
far increased tateral scatter,

Methods

We performed a simple experiment 1o
compare the resulis of irracdsacing 2 water
phantams. The first phantam (the control)
contained human bore and was placed 4
cim Delow the water's surface Thermalumi-
rcscent desimeters (TLDS) were pasitioned
at the depth of the bone's midpline snd it
lateral distances of (1.5 ¢, | cmoand 1.5
e The second phantam (the experimen-
ral variable), which contained & prosthesis
made of cobalt chrome, was placed 4 cm
below thewater's surface: with TLDs located
at the depth of the prosthesis’ midplans. As
with the cantrol phantom. the TLES were
placed laterally ar distances 0.5 cm, 1.0em
ard 1.5 ¢m tram the prosthesis

Mhe 2 pharitams weee edqeh irradfated
sing a 5 % hem Beld with a 4-MV beam
energy using 100 moniter unie (ML, T
bone and prosthosis were positione] 5o
that the: feld edge was | em [rom the edgs
al the bane or prosthesis. Three trals wer
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Fig. 2. Lateral view of the water tank.

conducted Far both phanems ar eack of the 3
distances. The doses recorded by the TLDS in each
trial were averaged to vield a mean dose for =ach
phantom at each poing, This data was then ana-
lyzed to derermine whar effect lateral scater from
the proseiiesis had on dose distribution 10 the sur-
rounding tissue

Procedure

The initial step in the experiment was 1o de-
velap a warer phantom that allowsd fo proper
pasilioning of the bone or prosthesis and the
TLDs at the 3 distances used for data collection,
The challenge was 10 find a method o position
the TLDs with regard 1e a 3.1 coordinate system
lateral distance [rom the bone or prosthesis (s«
coordinate, position relative 1o the central axis of
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the beam (y-coordinate) and position relative (o
the midplane of the bone or prosthesis (z-coordi-
natel. Toomest these requirements, we constructed
a metal lrame that fir inside a 10-gallon aquarium
The frame was assembled out of angled Iran and
metal shejving frames as shown in Figures | and 2.
The framework had to be large enough 1o accom.
modate the distance between the TLDs amd the e
material and not contaminare the experiment
Atcached to the Trame was an adjuseable system

aesigned to allow up 1o 17 strands of Bshing line o
be strung across the length of the frame. The lines
were paraltel and were spiced 0.5 em apart. The
fishing lines allowed the TLDs 1o be positioned in
the X and v coordinates at desired r_]|_1i|rh L l5ee
Figs 3 and 4.

The next quandiary was to position the bone or
prosthesis. To sulve this problem, we construeted
adjustable shelves from plexiglass, bolis and wing
ruls: The shelves were designed so that the borie
or prasthesis could be positioned across the length
of the tank and be supporied by shebvas ar either
end. The shelves™ height could be adjusted g0 that
the midime of the bone or prasthesis
lel 1o the hshing bnes. The shelves remalned fal
enough away from the radiation held 1o preven

wils il

tributing to séatter. (Sees Figs. 5, b
and 7. Alter the components were construcred,
the frame and shelves were placed Inside the tank
tsec Fig: 8.1

Te conduct the experiment, a5 % 10.cm feld
size was set on the linear accelerator The bane
was placed on the shelves and positioned so thal
its laceral edge touched the first ishing line. The
radiation field was designed so that the projected
feld edge was lateral o and | cm away from the
banee, The tank then was Glled with water 1o a leval
that put the bone’s midplane 4 ¢m desp, The 3
TLDs were located 0.5 cm (poine Al from the bone
an the second fishing line and at the cencral axis of
the beam [y coprdinatel. The water phantorm was
then trradiated with & £-MV beam using 100 MU
The TLDs were exchanged for 2 more trials at the
same point, 0.3 o insids the treatment feld, o
validate the dasa. This process was repeated at |
cm {the held edge. point B) for 3 trials and | 5 cm
0.5 cm autside of the feld, point O for 3 trials
The same procedure was bsed o rmeasire the dose
with the prosthetic cobalt imb. Figure @ illustrates
the position of the limb relative 1o the treatment
port and the TLDs ag points A, Band €

Results

The readings from the 3 TLDs were averaged 1o
get the mean dose Tor each trial. The mean doses
of the trials then were averaged o get the mean
dose for each distance, Then the doses for the bone
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and prosthesis were compared for sach distance
There was.a 20053 % increase in dose at B.5 om
when the prosthesis was irradiated compared with
the hone. Furthermaore, there was a 34.8% |ncrease
indoseal 1 ormand a 27.5% increase at 1.5 om
when the prosthesls was irradiated compared with
the hone. (See Table 1 and Fig 10

To understand the effecis of ths increase, i
wotlld be most useful 1o compire total dose with
tissue tolerance dose Soft tissue sarcomas are
treated posioperatively with 1.8 10 2.0 Gy fractions
i doses al 45 10 50 Gy. Reduced helds are treated
e deses ol 55 w0 65 Gy, with boost belds not w
exceed 75 Gy7 These doses are sale when no pros-
thesis is present because skin is relatively radione
siglant. Studies have shown the wlerance of skin 1o
ke TO Gy, which is when necrosis begins” However,
thee Ifcrease in dose 10 1ateral tissue caused by scat-
per fromm o prosthesis could exceed the wlerance
dose Tor salt lissue

Discussion

The data show a significant ingrease in dose due
16 lateral radiation scatter from a metal prosthesis
compared with human bene. [t is important to note
that ar the distances we measured, the increéase in
dose is within the radiation field; however, there
are normal 1ssue struciures within the radiation
field thar mav e damaged by addimonal scamered
radiacion. Regarding the dose outside the radiation
field, the scarer produced by the meal prosthesis
significantly increased the dose at the 1.5-cm point
by 27.5% compared with seatter resulting from
luman bone. Although'this percencage is high, itis
also impormant (o consider the overall difference in
dose, The increased-dose at 1.5 cm can be con-
Strued as less derrimenital than the contri-
burions af 0.5 cmeand | €m
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Fig. 3. Support aasemblios,

T

Fig. 4. Support wires, 0.5 cm opart,

One of the objectives ol this experiment Table 1 :
was to determine if steps must be taken Mean Dase for Bone and Prosthetic Phantoms
to spare tissues ourside the radiation hald Point/Distance  Doss [Bane)  Dase (Prosthesis) % Increose
[rGrm lateral scatter caused by irradiation of Gy Gy
4 -merallic prosthesis. Although this proved
gk Mg this e A D5 cm) 70.4 84.7 20.3
to be of minimal concern, the possibility of
extesding tissue lerance just ouside the 811 em) 43.9 39.2 34.8
radiation feld is of grear interest. Because C (15 om) 831 104 275

of the inability of same treatmen: planning
systemns: o accound for the dose distribu-
tion created when a meal prosthesis 1s
irradiated. 1115 possible thar the resultant lateral
scatter could cause a significant dose increase
(9 nertnal tissue structures. The treatment i€am
should take this into consideraton and make every
effort to retain lvmpharic drainage when a pros-
Lhetie implant is present

Anexperiment testing the same variables
but using a mere sophisticated water phaniom,

RADIATION 'Tlerapist, Spring 2005, ol 145 N |

miiltiple energies and more precise techniques for
measuring dose could improve the accuracy of this
study, |t would also be interesting o compare the
doses achieved in this experiment or a replication
of the experiment o doses talculated by dilferent
rreatment planning systems. Although the methods
used in this study may be considered crude, the
resules should stimulace interest in investigating the
topic further @
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