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The paper examines the possible extension to gamma rays of the projected grid irra- 
diation method developed by the authors for X-ray therapy. On the basis of dose distribution 
measurements performed in a MIX-D phantom the characteristies of a projeeted grid are 
defined, re]ationships between the size of grid openings, their spacing, the size of the radia- 
tion source and the hardness of radiation, as well a sa  criterion to assess the qua]ity of the 
grid ate developed. A projection grid designed on the basis of the investigations, suitable 
for total irradiations, is described. 

In  an earlier work we developed a me thod  for special inhomogeneous  
i r radia t ion of larger  areas th rough  a pro jec ted  grid for X - r a y  t r e a t m e n t  [1, 2]. 
In  this method ,  p rov ided  cer ta in  physiea l  eonditions are fulfilled, a lead grid 
covering the whole surface of the  b o d y  is subs t i t u t ed  b y  a small  size lead 
grid placed in the  p r o x i m i t y  of the X - r a y  tube,  the  grid being pro jee ted  to 
the b o d y  at  a d is tance of 1 - -2  m b y  the  X- rays  s t a r t ing  f rom the focus. 

Considering the  favourab le  the rapeu t i ca l  resul ts  gained with sub to ta l  
and to ta l  grid i r radia t ions  it  seemed to be desirable to examine  the possible 
appl iea t ion  of the  principle of grid projee t ion  to g a m m a  radia t ion,  p r imar i ly  
to 6~ the rapeu t i e  radia t ion  sourees. 

With  respec t  to pro jee ted  grids, X - r a y  and  g a m m a  rad ia t ions  show two 
significant  differences. 

1. The size of  g a m m a  rad ia t ion  sources of  ah order  of  magn i tude  of 
kilocuries are mul t ip les  of the  sizes of the  focus spots of  X - r a y  tubos and  are 
unf i t  for the  appl ica t ion  of  the  simple methods  of cent ra l  project ion.  

2. The pene t r a t i on  of g a m m a  rays  in c o m m o n  use in Curie t h e r a p y  is 
mueh  s t ronger  t h a n  t h a t  of X- r ays  genera ted  with  conven t iona l  180 kV peak  
vol tage owing to whieh,  ins tead of the  projec t ion  of a p lane  grid (of 1.5 m m  
thiekness) the p rob lem of projee t ing  a spat ia l  grid (of 50 - -100  m m  thiekness) 
is raised. 

The effeet  of  bo th  differences in projee t ion  is t h a t  sharp  grid contours  
formed in pro jec t ing  a plane grid wi th  a punc t i fo rm  rad ia t ion  souree are 
e l iminated and are replaeed b y  a p e n u m b r a  of considerable  width.  In  addi t ion  
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The paper examines the possible extension to gamma rays of the projected grid irra­
diation method developed by the authors for X-ray therapy. On the basis of dose distribution
measurements performed in a MIX-D phantom the characteristics of a projected grid are
defined. relationships between the size of grid openings, their spacing, the size of the radia­
tion source and the hardness of radiation, as well as a criterion to assess the quality of the
grid are developed. A projection grid designed on the basis of the investigations, suitable
for total irradiations, is described.

In an earlier work we developed a method for special inhomogeneous
irradiation of larger areas through a projected grid for X-ray treatment [1, 2].
In this method, provided certain physical conditions are fulfilled, a lead grid
covering the whole surface of the body is substituted by a small size lead
grid placed in the proximity of the X-ray tube, the grid being projected to
the body at a distance of 1-2 m by the X-rays starting from the focus.

Considering the favourable therapeutical results gained with suhtotal
and total grid irradiations it seemed to be desirable to examine the possible
application of the principle of grid projection to gamma radiation, primarily
to 6OCO therapeutic radiation sources.

With respect to projected grids, X-ray and gamma radiations show two
significant differences.

1. The size of gamma radiation sources of an order of magnitude of
kilocuries are multiples of the sizes of the focus spots of X-ray tubes and are
unfit for the application of the simple methods of central projection.

2. The penetration of gamma rays in common use in Curie therapy is
much stronger than that of X-rays generated with conventional 180 kV peak
voltage owing to which, instead of the projection of a plane grid (of 1.5 mm
thickness) the problem of projecting a spatial grid (of 50-100 mm thickness)
is raised.

The effect of both differences in projection is that sharp grid contours
formed in projecting a plane grid with a punctiform radiation source are
eliminated and are replaced by a penumbra of considerable width. In addition
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the size and shape of radiation SOUl'ces affect the size and spacing of the grid
openlllg~ iil a decisive manner. It is apparent that the grid openings to be
projected cannot be smaller than the projection of the radiation source per­
pendicular to the direction of projection and that the spacing of grid openings
cannot be closer than the respective dimension of the radiation source. Other­
wise the radiation cones that pass through the openings would converge and
at a particular distance would intersect so that the irradiation would no longer
have grid characteristics.

Besides the dimensions of the radiation source, the size of the grid open­
ings is affected by the ratio of the distance of grid-to-radiation-source to
the distance of body-to-radiation-source, and the spacing of the grid openings
by the required ratio of the area of the holes to the total area of the field areas,
that is to say, by the grid percentage.

The quantitative relationship between the factors pointed out above
have been examined by experimental irradiations in a MIX-D phantom,
with our ROTACERT cobalt unit of 3000 Ci activity. With the strongly
inhomogeneous dose areas the calculatinn of the build-up factor and the
determination of dose distributions belonging to various depths on this basis
have seemed hopeless from the beginning.

To measure dose distributions to high precision, small Sievert type
condenser ionization chambers of an air volume of 6 mm3 were made of air­
equivalent material. Ionization chambers were placed in the tissue-equivalent
phantom sheets prepared with extreme care, along the straight lines con­
necting the centres of the grid openings, at a spacing of 1 cm. Measurements
were taken on the surface and at depths of 5, 10, 15 cm. The grid openings
were located at the respective depths by exposures on X-ray films placed
between the phantom sheets.

From the dose distribution CUl'ves it was apparent that with gamma
radiation the width of the penumbra can by no means be neglected, and
consequently, the two most important characteristics of the grid: grid per­
centage and the dose belonging to grid openings must be defined.

The determination of grid percentage can be reduced to the determina­
tion of the grid openings. We suggest defining the area of a grid opening as
the area bordered by the 50% isodose CUl've.

Doses and dose intensities belonging to grid openings are given in the
literature by a single figure which, in the case of uniform dose distribution,
is quite definite and unambiguous. In gamma radiation, dose distribution in
grid openings is inhomogeneous, from 100 per cent corresponding to the centre,
it drops to 50 per cent at the edge of the grid opening, as discussed above.
The analysis of dose distributions found in measurements has led to the con­
clusion that the integral dose calculated for a layer of 1 cm thickness of the
grid opening may be approximated as an integral dose of a homogeneous
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i r radiat ion with a 90 per cent  dose. Accordingly,  the dose belonging to a grid 
opening seems to be logically def ined as 90 per cent  of the dose m a x i m u m  
measured in the  grid opening. 

On the basis of dose dis tr ibut ions obta ined at  various depths,  integral  
dose figures belonging to a layer  of 1 cm thickness a t  the respective depth  

n ~Co 
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Fig. 1. Projected lead grid developed for total grid irradiation by hard gamma rays with dose 
distribution. Diagram of cross section, a ~ b = c, d = 5 cm 

have been calculated.  A s a  cri terion of the  qual i ty  of the grid we considered 
the iden t i ty  of the  rat io of  integral  doses belonging to the  1 cm layer  in 
irradiat ions per formed with and wi thou t  the use of the grid. 

Compliance with, or even approximat ion  to this requ i rement  gives a 
physical  basis of much be t t e r  exac t i tude  to the s tudy  of  grid effects, stilI 
unclarif ied in m a n y  respects,  t han  ei ther  the requi rement  of the preservat ion 
of grid percentages in air at  various distances behind the  grid, or the simple 
demand pu t  forward  in the l i te ra ture :  to realize grid effect on the  body  surface ,  
wi thout  heeding the course of  dose dis tr ibut ion at  various depths  of the body,  
or whether  a complete  homogeniza t ion  might  or might  not  occur. 
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irradiation with a 90 per cent dose. Accordingly, the dose belonging to a grid
opening seems to be logically defined as 90 per cent of the dose maximum
measured in the grid opening.

On the basis of dose distributions obtained at various depths, integral
dose figures belonging to a layer of 1 cm thickness at the respective depth

Fig. 1. Projected lead grid developed for total grid irradiation by hard gamma rays with dose
distribution. Diagram of cross section. a = b = c, d = 5 em

have been calculated. As a criterion of the quality of the grid we considered
the identity of the ratio of integral doses belonging to the 1 cm layer in
irradiations performed with and without the use of the grid.

Compliance with, or even approximation to this requirement gives a
physical hasis of much better exactitude to the study of grid effects, still
unclarified in many respects, than either the requirement of the preservation
of grid percentages in air at various distances behind the grid, or the simple
demand put forward in the literature: to realize grid effect on the body surface,
without heeding the course of dose distribution at various depths of the hody,
or whether a complete homogenization might or might not occur.
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H a v i n g  subjec ted  the  model  grid cons t rue ted  along the lines out l ined 
above  to  several  subsequen t  modif icat ions on the basis of dosc d is t r ibut ion  
measu remen t s ,  f inal ly  we succeeded in developing a project ion grid for c o b a h  
uni ts  which complies wi th  the  above  d e m a n d  to an accuracy  of - -10  per  ccnt,  
su i table  to give a sa t i s fac to ry  solution to the  p rob lem of bo th  sub to ta l  and 
to ta l  grid i r radiat ions with a grid of m i n i m u m  weight .  

The  cross section of the to ta l  grid is represented  in Fig. 1. 
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HCC.FIE~OBAHHE q)H3HMECKHX OCHOB IIPOEKIXHOHHOFO OBfIyLIEHIdH 
qEPE3 PEIIIETKH B C.~IyLIAE BO.!IblIIHX HCTOLIHHKOB FAMMA H3fI'y'LIEHHH 

.FI. BO3OI<H vt Id. PO,~,3 

P e 3 ] o M e  

B CTaTbe tlccJIeRyeTc~ pacrlpoc-rBaHe~H~e Ha P&VtMa tt3./IyqeH~le MeToRa rlp0eKILHOHH0V0 
0£ qepe3 pemeTKt L BBe~eHHOE0 aBT0paMH ,~.n~ peRTFeHOBCKOI'0 H3.llyqeHH~!. H a  0CHOBe 
rt3MepeHH~, npoBeRemtb~x B qbaRToMe MI X--D, onpe~e~moTc~a xapaKTeprtCVHKH np0eKtttt0HH0i't 
pelLIeTKH) Be.IIHqI, IHa 0TBepCTH~ pemeTKH) paCCT0~RHe Me:W,~y 0TBepCTId~MIt, C00THOLUeHHe MeM<Ry 
BeJ'IHqHH01~I IICT0qHI4Ka H ~.KeC'rK0CTbl0 I43.rlyqeHHH~ Ii TaK)Ke yCn0BtI~ IlpIIF0~H0CTH peLUeTKlt. Ha- 
KoHeI~ ~aeTc~ orIHcaHHe Ixp0eKKHOHH0~i pelIIeTKH, npOeKTEpOBanHo~~ Ha 0CHOBe llCC.-Ie,~0B;AHtdI'I 
,~dt~ n0Jntoro  o62IyqeH]l~. 
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Having subjected the model grid constructed along the lines outlined
above to several subsequent modifications on the basis of dose distribution
measurements, finally we succeeded in developing a projection grid for cobalt
units which complies with the above demand to an accuracy of ~ 10 per c('nt,
suitable to give a satisfactory solution to the problem of both subtotal and
total grid irradiations with a grid of minimum weight.

The cross section of the total grid is represented in Fig. 1.
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I1CCJlE)lOBAHI1E <1>113114ECl{I1X OCHOB flPOEl{UI10HHOrO 06JlY4EHI151
4EPE3 PEWETl{11 B CJlY4AE 60Jlbllll1X I1CT04HI1l{OB rAMMA 113JlY4EHl1H

n. S030l{H H H. POjl3

PC310MC

B CTaTbe IlCCJIC~yeTC51 pacnpOCTBaHCjiH~ aa l'aMMa H3JIY1JCHIlC 1IleTo~a npOCh;LlIlOHHoro
06JIY'ICHlUi 1Jepe3 pemeTKH, BBe~eHHoro aBTOpaMH ~JI51 peHTreHoBcKoro H3J1Y1JeHH51. Ha OCHOBC
H3MepeHHH, npoBe~eHHblxB <lJaHToMe MIX-D, onpe~eJI51IOTC51xapaKTepHcTIlKll npocKLlHoHHoil
pemeTKll, BeJIH1J~IHaOTBepCTHH pemeTKll, paCCT051HHeMe~y oTBepCTH51MIl, COOTHomeHIIe Me)f{~y

BeJIH'IHHoli IlCTO'lHllKa H >KCCTKOCTblO 113JIy1JeHH51, II TaK>KC yCJIOBIUI npllrO~HOCTH pcmeTKlI. Ha­
KOHeu. ~aeTe51 OllHcaHlie npoeKLlHoHHOrl peUleTKH, npocKTHpOBaHHOlr Ha oeHOBe llcc.le~oBaHHI'l

M51 nOJIHOrO OOJIY1JeHIl5l.
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