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INTRODUCTION

WHle etudying radioAotive cobatl telotherapy machinos and the possibility
of obtaning thca for U.Ah, it hccame apparent thnt axisting unite euffer from
ccrtoin dمi advantAges, namly
]. the machine is expcnsive 2. thcy have to he importe, 3. the cost of
the radioaetie sourمc is high. 4. dne to the high specie activiy of the radio-

active eource oلn y lurge ntomic pies can porduc it. 5. tho weight of the pro­
tecting hcad is great ndه concentrated in suchi a sml aren that it needs special
#oor forifcation. 6. In case of rotating unite, the mechanism f»r movement
n edsع powcrfل clectric motom which nced maintaiance. 7. c rtninم elcmcnts
as tungsten nه unium are wsed which are not availabl in every country.
8. the radioactive c urceم has to be shiped nbrond for reactivation. 9, the
ectting up tiعد for cach feld cansumcs most of tho therapy time as compared
with time لهactu مطه l0. in roمu tion the rapy, length yconplicatcu pbysicAl

.necessitats highly trained physicistsم atianملcلمك 

Th٥ possibiity of constructiog cohلa t telethcrapy uniها locally wهs thouglt
of on a new line of physiلae basi6.

Hypotheticمl Sehemo

The sugested unit aimع at l. comnbining tمh advantages ofrotation therapy
 ط

with those of 6xed feld therapy, i.e. simplioity. 2. minimising the cost of
the machine. 3. minimising sctting up time. 4. simplifying dose calculatio»
by placing tbe tumor at a Jcfnito poit during treatment. 5. producing tbeح 

the radioactive c baltم aourc in thc Fgytian atomic pile. 6. and wsing local
maعt irl available .U.AR م

Te hasic idca is to u tipleلu mعع radioactive sources arraged along tle
circamfereneo of a circle. A Eoureeeل reه fing at an isocentrc where the tumor
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must bo paced. These sonrces are of low eurie and tleir suggcsted number  فز
4,6,0,l0 or one cireular linear sourcc

Pbysicله ealcdlations

Physical c ationsلمacل were done to eee if tlis tleoretiلaع hypotLcsis is possile.

If I is the intensity at l cm from a point radioactive source an there are
distributod evenly ower a ring of radius a. If e isو sourccل numhor of identicaه 

i theو isosentre of a eirمluc r cross section of a part undcr treatment sucL as the
the ncck, arm or thigh of radius b, tho intensity at any point p on uhe skin wil he
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Lf lowever, the part at tlc isocentr i ovalق i contour such as the skull, chcst,
abdomen, or pclvi0ق, f2 A and2 D, nd ه thercfore b will vary berwcen an ء B.
Considcring an aveAgo patient 's cross-sccticn of 30 an 24 cms mEjor axe3,
K wil vary hetween 0.24 and 0.3 for a riag radiu50ك eu and hetwecn 0.l2 an
0.15 for a ring of radiu100م cmف .

when a = 50 cms when a cus ة100

K = 0.3 F = 0.24 K=0.15 K=0.12

I 0.59 0.65 0.73  د0.8

(1+-K)
I

1.74 يد2.04 1.36 1.3
(1--E)

2 I.84 1.88 1.96  د1.99
1 +- K?

4.47 4٠27 4.07 4.09

2 = 1:.31 1.43 1.61 1.68
٤3 +2R+1

2 - يد3.0 2.452.3 2.35
K2-٩ إK+-1

4.31 3.73 4.06 4.03

when a =50 cms whcn a= 100 cms

18 = K = 0.3 K =0.2٠ F = 0.15 K=0.12
1, 8.7٥ 8.00 8.13 8.12

1٨١1. 1.098 1.0٥ 1.016 1.015

± 4٠9 % 0% 0.8% 0.8%
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#t tbe isncentre, tLc duse is contributed from the primary bcam and fom
scattered rays inside tlo body. The resultant isodas@ patter at the isocente

n م the tumor sitc is sphorical, 'Tle variation in thc resulant tumor dose wwه 
u tedلc lcم for Jiferent sources and dietances as fلا ow wben b =15 cm

Iing of eight aources

a٤ 50 ens ٥٤100 cms

Factor Yalue Perccnt variation Factors' value Percent variation
H ١ و

1٠1 5.0 % 1.016 0.٥ %
1 ء

Iا -«، 1.06 3.0 % 1.016 0.8 %1
1.035 و± 1.7 % 1.00 0.٥ %lو 

Faur soarces plم cd along the
Crossing of major and minor c lipeticل croذs Rection arc

H4د/ 
Rء /I
l٤/ Iو 

A٤ 50 eus a٤ 100 cms

1.12 6٠0 % 1.٠02 1 ٩L
 م٥

1.064 3.2 1.02 ٥1%
1.05 2.5 % 1.00 0 %

Four source placcd diagonally t the
patient '٩ cross soction

٨t 50 A٤ فم 100 cفm 
Raetor Yهlu٥ Percent variation Valae Percent

7ariation
٢٠/٤ 1.08 .0 % 1.015 0.75 %
I2/٤ 1.06 3.0 % 1.00 0.4 %
lu / و Iz 1.02 1.0 % 1.00 ٥

A cireular linear continnou8
ring 8ourc٥

I I/١ و 1.1 5 %٥ 1.022 1٠1%
l/1.06 ما 3 1.014 {ج a/0.7 7a.٥

I31 /و 1.830 1٠7 % 1.00 ٥  لا9
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he penumhra at tho i oeentreم depends on tho e هiع of the aource. A theم
sources which aro redomended reه of emall siwe, i.e. not more thدn 5 ,mد  قه
compared with tho standard 25 mm, tho penumbra frect ه will Be mell ه ­ لمc وه
c atedل  ج

8ource Biae

25 هه

m15 ه
m12 م

5 mm

Pمu umbra

37 nm

22 mm

18 عه

7.5 هه

Ihوi iو a rel advantaga ower tha ingle ه source uniقt .

he s urce-apretAturoم distace oud طه h٥ 25 cفm whicb leave u withه ths
following d tanccsفث to th8 isocontre

Sourc8 to isocetro Apreturo to isocentre Sourco to sourco

50 cمm 25 eهm 100 cو 

60 cms 35 cms 120 eفm 

70 cمm 45 cms 140 cms

80 nc 55م em160 و  cو

90 mc 65ف cهm 180 eفm 

l00 mc 15ع ems 200 cهص 

Thوi leaves eufciet ه spaee for the troatmcAt couعh with patiet lying 00
top ofit to bo movod freلd y in the vortical ndه horiaontمl directions.

Dمه e at lsocentre

'The undarlying ideA f ه th a وi هchi من هد combination of fxed feld ureAt­
ment A dع rotation therapy. A theم source to iaoccntre is alvays fred, the doوo

The ه factors govening tho dos.nare laم٣ Be indepcndent of tbe invereoلتب 
ho tlicknesA of tko absorbing medium between.1ج t the isocentre will beء 

th٥ woure and tumor, i. 0. tumor skin distance. Tho biggcr this distance, the
smaller the dos1م eaching te tumor as the beam will pase uhnowgh thick ه layer
of absorLig medium, While the a lلm ه er this «istanee, the Higger the dos
at tho tumor as it paese ht oughع tbin ء layer of alsorbing mcdium. 2. the
i٥٥f the feld, i.ه . uho oross section of the beam. TLa bigger the siae of tle
feld, ths more the atterigقع d صه tho dose reaching tc tuuaor wl .Ligger ه]

(3)
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Dose ealculatio n atق the isocentre aro eaقily u auedلc lcم while warying tho
.vcr fcd by actual measuremcnt8owo two factor one At a time. This can bطه٥ 

T7s simplifies doلم موc cلu ations mمrledly as it is ory mecassary to draw an
outline of the cross Aection of' tho part under treatment, localنzc the sito and
sie of the tumor and fom the predctcrmined tabمما we get straight avvay the
d seم contributcd fom each 8purce, on condition thnt the tumor is placcd at the
.i occntreع Tis necessiمt tes that the horiaonلat and vertical movcments of th
mrcAtmcnt couch are markod clearly on the planning sheet. So both l. the
pامnning timo and 2. settig up tie are miغmن ed and siupا ifed.

Construction of the Machine

The multiplo radioactivo Bources, each inside a seperatc capsue are mobile
insidه seperate tubes, ao that when tho machine is on, thcy are opposite tho
aproturo, while in tho 0f position thoy are withdrawn by a weight away inside
a concrcto bloek. Thiو woight moves up and down a wcll again6t grayity by a
smnll olectric motor, so that i» cass of power failure the source are
awtomatically withdraw into tho aafo position،

The oponing opposite cach s ource is g aurded by lead hlocks which can be
adjusted to form thc neccssary apreturo And act as adjustahle diaphrag. These
lead blocks arc fxed to two stecl wheels which arc made to rotate in opposite
directions by a handلe This pairing of tho wheels and their opposing more­
mcnta simplifes tho copstruction and mipimiaes the cost ndة efor as compurod
wit tbo lcavy cones that aro wsed with somo wniمt . Tب o indicators show tho
widuh and lcnguh of tho irradiati fcld by registering the movement of the
wleels.

T"M8 treatmant coucL can bo ٨ surgical oporation tablo wLich can bo raised
and lovverod by lever worked by the f ot. Tho pedestal shoull he marked in
cms and its top shuold havo midline mark and is made of detachablo pieces, 4o
that tho proper 6ogment under tho part to bo treated is removod. 'Tho wholo
tلa le is movcd in and out of the circuلar trcatment head on rails and can le.
frcd in the requircd position.

Th contro} panel contains 1. ٥witcL ه to actuate tho motor againAt te
weight 60 as to bring the aourccs in tl٥ ON .osition م 2. a count-down stop
watch which is swvitclcd on wlen thc sources come opposito tbo apreturs and
at tlc zd of topredetcrmied timc switcbcs of the motor, 6o as to let thc sourcc3
retract L yد tbo weight inside tle protective concrctc block,

Tلا e viewving bctween tho control raom and trcatment room i٥ through a
w'٤٤law Laving gl د A sق tunk full ٥f 77 %, solu ion of aine bromidc in wvater. It9
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density is 2,5 grams/ee at 20 degrees cent. Its tranemission of lighc i997ك , of
f lydraaine hydahromide are addedه n egual length of water. Forty gramsه 

٤٥ each 100 gتلa ons to decolorim it as undcr thc action of ioniaing radiatiop, the
solution bccomes yellow due to the liberation of bromine. The thickncss of tho
solation and the shielding wله made of concrete of 2.3 gm/sc dcnsity to give l0
m r} week is followe وه for the cobalt sources ;

A٤ 3 metres At 4 metre At 5 mcLcrs

eocreto wal] 75 cm70 ف c sد 67 cms

inc bromide66 ه cms 62 cms 59 cms
window

Physieist 's caleulating simulator Aboل d be exacuy of the samc ize ه and
ahapo of the circulAr treatment hcad und treatent c ouch with tbe radioactive
sources heing replaced by loctric ه lamps. Tbe patient is repreجمntcd by the
cr 0ss secTion of his body at the level of the tumor and drawn in thc nomnl di­
mensions on a perspex plate an t eل tصu or ,i markedف The paticnt 's d inoلiد
must coincido with tهble .dline ند Then the mobile tل la carrying thio plato
is moved up and down and sidewvaye til the tumor iA pnt in the isocentre. The
diaphregms 4re openod til the suitahle opening siao coveriag thc tumorhearing
rca is reached. Then tho phyeicisT writes dow l. the tumor skin istancoه 
for ho لله ة felds 2. the souree kin ه distanco for all the fكld3و . tle sise of the
6eld4ه . the tuor dose contributcd by cach soعu ce. 5. the position of he
treatment tطa le in relation to th6 treatment hcad, i.e. hows maAy oms up and
d wmم and to either right or left 6. IBo poita of cntery ofat leد st thrمe fclds

tho م skin of the patientه e markcdعه 

DISCUSSION

It is scen that it is possiblo to cons4raet snch a multiovrce cobalt thcrapy
:-chiao wdith the folloaing ndvantagcsمص 

l. low٧ initi a costأ of machine and sourcs.

2. no maintaiaantG eosts.

3. low rnetivation cost

4. protcctiop probloms are simplifed.
5. concreto is wsed as tle g نleilك material.

6. Crnvity is u dمع for tbe ueurec movcmcnقt .

7. No motors arc nccded.
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38.. Ln case of war, tho radioactive somrces cN be withdrw inide the well.

9. Making tho sources and their reactivation can he done in uho Lgyptian
atomic pile.

10. tlepenumbra is smaل.

ll. physical planning .ifcdاsimp فز

12. &etting up time is .hortcncd ه

13 this nw tن can he constrwcted loeلa ly By لصه local mnterial.

14. The radioaetive Eources of low eurie, i.e. 200 or 300 euries d ه of smللم 

dimesioحs, i.e. about 5 ،m د reه used in the suggested machine,
15. Thefrms are now trying to decreaEe botb tho woight and price of preeen4

teletherapy muchines Lبy cancclling tho ohsteucting lend slield and recou­
mending thickcning of the wمlls.
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c = 1soccntre
radius ot ralgم د 

٥ = radiu of cmss section of eircuلra
part of petient

ntensity on ekln{م د 
Io Intenslty د 1 cm from sourcE

 أ
Four Sources Placed

ndه long cossing of major1. ه
mlnor elliptic cross section Aaxe9.2. Diagonaly.
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