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TECHNIC AND DOSIMETRY FOR WHOLE-BODY X-IRRADIATION OF PATIENTS

STATEMENT OF PROBLEM

There is no general agreement as to the most
desirable quantity to specify as. the '‘dose”
when whole-body radiation is delivered under a
variety of conditions. Consequently, there is a
good deal of uncertainty as to whether or not
a specified dose in one institution is the same
as that given in another institution. The air
dose measured at a given point where human
or animal bodies may be placed is a definite
quantity, but the integral dose to the animal or
human will vary according to the shape and
weight of the body. It is evident that we caanot
accurately compare the effects produced in
animals and humans, or even in different human
beings, by means of either the air dose or the
integral dose estimated under such circum-
stances. We would not, for instance, consider
- that a very large man placed at a point where
200r might be measured in air experiences a
much greater effect because the integral dose
to his body is much greater than that of a man
only half his weight. ldeally, for specification
purposes we would like ro arrange the exposure
circumstances so that every cell in the body
would receive the same dose. By suitable
experimental design it is possible to do this
with many whole-body animal studies and it is
possible to approach it with human irradiation.
Since it represents the integral dose divided by
the weight of the animal, the resulting dose
could be called the specific integral dose, or
simply the average dose ot mean dose. The
specific integral dose or average dose would be
measuted in gram rads per gram or simply in
rads. It seems to me that the term average dose
is simple and adequate and consequently that
term will be used throughout this text,

We could plan both animal and human whole-
body radiation studies on the basis of average
dose. To obtain such a dose it is necessacy
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to know the air dose that must be delivered at
a certain point and to know the mananer in which
the subject should be irradiated when placed
at that point. This could be accomplished by
Mayneord’'s procedure for estimaring the integeal
dose as a function of the weight and shape of
the human body. The concept of average dose,
however, has no general accepeance with regard
(o exposures to which human beings may be
liable. In many practical circumscances in
extended radiacion fields, for example, the dose
that is mosc conveniently specified is that dose
which would be measured by an ionization
chamber at a point where the human being mighe
be placed —that (s, the air dose. For instance,
if the dose rate at a given point in the field
around a nuclear bomb was 200 r/bour as
measured with an jonization chamber, a person
placed at that point for one hour would receive
an exposure of 200r. In actual fact, under most
circumstances, the average dose would be
perhaps a little more than half of this value.

Thus, we should distinguigh clearly between
whole-body exposure, meaning air dose (in
roentgens) at the point, and whole-body dose,
meaning average dose (in rads).

The question now arises as to the manner in
which the mean lethal dose for human beings,
or for animals for that matter, is specified.
There is a good deal of confusion on this point.
I am uncertain as to che basis for the present
human mean lethal dose, but it seems likely that
it was derived from the dose that a person might
have received at Hiroshima or Nagasaki at a
particular point in a radiation field. This corre-
sponds to the air dose a2t that point, At the
present time, therefore, it probably would be
more useful to specify the whole-body exposure
in terms of the air dose measured at the midline
point of the human patient. From this value we
could compute the average dose which would
allow us to compare the radiation effects in-
duced in one pacient with those occurring
in other human beings—even in persons of
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substantially different size —and in animals.
It should be recognized that the average dose
appears to offer the only satisfactory correlation
between one species and another. Perhaps some
of the confusion surrounding LD, values, par-
ticularly in larger animals, will disappear when
the average dose is specified for each of the
circumstances.

Relotion between whole-body exposure and whole-
body dose

Suppose we have irradiation circumstances
in which the radiation field varies only very
slowly in intensity, so slowly that the variation
over the dimensions of the human body is
negligible (in effect, infinite focal skin dis-
tance). The air dose or whole-body exposure
can be measured with an ionization chamber at
a given point P at which the midline of the
patient will subsequently be placed. However,
if the dose in the medium is ronvarying, the
position of P is quite uncritical and the air
dose at the midline is the same as the air dose
at the surface of the body. Consequently, the
skin dose at the surface is the measured air
dose multiplied by the backscatter factor. Alter-
natively, in some circumstances the skin dose
might be measured directly under appropriate
backscatter conditions. The average dose in
the body may be found by muldiplying the air
dose at the point by the backscatter factor and
then by Mayneord’s estimate of the average
dose factor for the body (1, 2, 3). The integral
dose may be estimated from this by multiplying
by weight in grams.

If the field is varying, for example, according
to the inverse square law (in circumstances
where the focal to point distance { in an x-ray
irradiation is not infinite), then the whole-body
exposure (air dose) is measured at P and the
patient placed so that P is at the midline of the
patient. The skin dose at a point A closer to
the tube than P by half the lateral dimension of
the patient, a4, is obtained by the air dose at

P multiplied by (ff;l)z times the backscatter
factor. When this skin dose is multiplied by
Mayneord’s mean dose factor and by the FSD*
correction to the mean dose factor, the average
dose is obtained. Again the integral dose may
be obtained by multiplying by the weight in
grams. ’

'Focal skin distance.

Mayneord’s mean dose factor varies, of course,
with the dimensions of the patient, but for a
given set of circumstances the value of f will
usually be constant and the relationship between
the average dose and the measured air dose
at P can be set down in tables or graphs. To
determine the average dose, then, the only
measurement required would be the air dose

at P.

Effect of wall of treatment room

In any practical circumstance in which x-ray
whole-body irradiation is used, there will gen-
erally be a wall close to the patient since it
is usually necessary for f to be large in order
to provide a large enough field. This wall will
complicate the situation (1) because it provides
a backscattering contribution to the measured
air dose at P, and (2) because the backscattered
radiation from the wall may provide a small
contribution to the average dose in the patient.
The more serious error will probably occur in

, the measurement of the air dose at P. It may

be desirable in some instances to measure the
skin dose at the surface point by using a
phantom of wax with a chamber mounted on it,
but this measurement of the skin dose will not
be independent of the backscattered radiation
from the wall unless maximum backscatter
alreadysoccurs at the point of measurement. This
may be the case for AP irradiation, but is not
the case for lateral irradiation; consequently,
it is preferable to determine the relation between
air dose at f and the skin dose at the surface
experimentally for each set of irradiation cir-
cumstances. In most cases any contribution from
the wall during the actual irradiation will be
negligible if the patient fills most of the
field area.

WHOLE.BODY X-IRRADIATION AT THE
M. D. ANDERSON HOSPITAL

The procedure followed at the M.D. Anderson
Hospital has been to measure the air dose rate
at a particular point P where the midline of the
patient will be placed. In specifying the air
dose, the backscatter contribution from the wall
is ignored initially but considered later. The
irradiation is given by delivering half the
specified exposure (based on air dose rate at P)
laterally through one side of the patient. The
patient is then turned over and the other half ex-

posure delivered laterally through the other side. 3




Measurament of skin dose

During these exposures, condenser chambers
are placed in the mid-axillary line of the arms,
measuring on one side cthe entrance dese and on
the other side the exit dose. In general the
exposute has been given in a series of steps
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(three to each half) so that the chamber meas-
urements can be made, The chambers give fairly
reliable comparative results between one agp-
other, but their calibration and sensitivity with
respect to Victoresns may change with time.
The sensitvity is checked from time to time

TABLE

Dosimelry data of 35 patients who received a niminal dose of 200 r whole-body x-irradiation

Exposure was performed under the following conditions: General Electric Maxitron,
250 kv., 3 mem. Cu HVL, 30 ma, maximum; apgroximate dose rate av 205 cm., 3.5 ~4 t/min:

FSD, approximately 190 e¢m; midline »f patient,

209 cm; mean average dese of che

35 pacieacs, 130.124.8 rads; mean integral dose, 8.06 *1.23 megagram rads.

Lateral . Integral dose
; : Body Average Factas:
. dimensinn . Variation
Pat v -eigh dos ,

T e | G | fadn | Gemend e e e
1 34,5 53.5 124.8 21 6.73 6.03
2 34,3 59.0 125.8 421 7.42 6.80
3 30.5 G2.5 132.2 r1s 8.27 7.66
4 31 56.5 131.4 + 16 7.44 6.77
6 33 61.2 128.0 £ 19 7.863 7.08
7 32 57.5 129.6 +17 7.45 6.67
8 31 71.3 131.4 £ 16 9.37 8.41
o 31 46.0 121.4 +16 B,05 5.57

10 33 69.0 128.0 +19 B.33 7.43

11 35 91.0 125.2 +22 11.40 10.4¢

12 32 67,0 129.6 17 8.68 7.88

13 31 57.4 131.4 * 16 7.55 6.71

14 32 4.1 129.6 s 17 .01 6.44

15 34 72.0 126.6 + 20 9.11 7.55

16 30 63.2 133.2 14 8.44 7.44

17 28 52.3 136.8 11 7.15 6.46

18 33,5 62.8 127.2 +19 8.00 7.19

19 30 63,3 133.2 *+14 8.44 7.59

20 32 58.8 129.6 *17 7.62 6.77

21 30 49.8 133.2 14 ¢.64 5.90

22 23,5 44.2 146.0 + 6 G¢.45 6.58

23 30 66.7 133.2 14 8,90 7.78

24 33.5 71,5 127.2 %19 ¢.10 8.4%

25 27 55.4 138.3 *10 7,68 7.11

26 40 88.8 118.4 +32 10.52 9.08

27 32.5 62.2 128.8 + 18 7.99 7.05%

28 35.5 64.9 124.4 +23 8.08 7.35

29 35 65.4 125.2 22 3,19 7.70

30 32 77, 129.6 +17 10.01 9.45

31 31 §3.3 131.4 + 16 7.01 5,59

32 32 50.8 129.6 +17 6.59 5.55

33 28 51,3 136.8 +11 7.02 6.91

34 29.5 75.8 134.0 * 14 10.28 9.36

35 36 66.2 123.6 24 8.18 7.59
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FIGURE 1

Effect of backscatter, caused by a wall at 240 cm.
distance from the x-ray source, on the inverse square
relationship between dose rate and target distance,
The straight line represents the inverse sgquare law,
while the open circles denote measured values.
Increasing deviation of the experimental values from

the law occurs as the scattering wall is approacbed.-{
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FIGURE 2

Relationship between dose rate and target distance;
the backscattering wall is located at 240 cm.

and some variations have been shown. The
average dose and the integral dose may be
estimated using the forward skin dose as the
sum of both entrance doses determined by these
chamber measurements. The exit dose is ignored
in the calculation and served only as a check
that the wall backscatter is very small since
the exit dose agrees rather well with the ex-
pected depth dose. The skin dose is then used
with the mean dose factor and the FSD cor-
rection to estimate the integral dose in gram
roentgens (3). This means that the average
dose and integral dose are determined inde-
pendently of the air dose measurement. Sub-
sequent experiments indicated that it would be
preferable to base the average dose and integral
dose determinations on the air dose at P and
to use the condenser chambers only as a
check. This procedure is followed in the final
dose specification.

Positioning ond irradiction of patient

The unit used for these irradiations is a
G. E. Maxitron operated at 250 kv. with a
Thoraeus IIl filter providing an HVL of about
3.0 mm. of copper. The tube was used without a
diaphragm and the beam aimed horizontally at
a wall 240 cm. away. The area of the beam at
the wall was a circle of approximately 120 cm.
diameter. The patient was placed in a sitting
position within the beam, slumped over so that
the individual occupied about half of the beam
area. The midline of the patient was at approxi-
mately 205 cm. and all air dose measurements
were made at approximately 205 cm.

The variation of air dose with distance from
the tube in this arrangement was subsequently
determined using a 25 r Victoreen chamber nor-
mally used for calibration purposes(all chambers
used throughout the calibration procedures are
based on NBS calibrations). The curve in
figure 1 indicates the deparcure from inverse
square law as the chamber approaches the wall
and backscatter from the wall becomes a con-
tributing factor to the measurement. It is clear
that at 205 cm. there is an error of approximately
5.5 percent in the air dose determination due
to backscatter from the wall. If it can be
assumed that the patient subsequently shields
the wall from the beam, then the true air dose
at the midline of the patient is actually the
nominally specified value less 5.5 percent; thus,
a nominal dose of 100 r is actually 94.5 r and
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one of 200 r is 189 r. Furthermore, it is possible
to obtain from figure 2 the air dose at the
surface distance for any given value of <, the
half-lateral dimension. For values of 2 of 15 cm.
or more, the contribution of the wall backscatter
to the air dose is negligible. To obtain the skin
dose, the value for the air dose at the correct
distance is taken from the graph (fig. 2) and
multiplied by the backscartter factor.
Measutement of the backscatter factor

The cross-sectional area of the crunk is
approximately 1,200 ¢m.? According to Johns
(4, p.89), the backscatter factor for 3 mm. Cu
HVL and an area of 400 em.? is 1.315. If the
various factors for 3 mm. Cu HVL are plotted
against area, the backscatter is found to in-
crease to a value of about 1.36 at 1,200 cm.?
Measurements made with the Bomke ionization
chamber very close to the surface of a water
phantom and in air yield a backscatter factor
of 1.36. Measurements at the surface of a flat
wax phantom of approximately 1,200 ¢n.? with
the chamber embedded in the wax phantom were
made wich both the Victoreen 25 r chamber and
condenser chambers, and yielded backscatter
factors between 1.33 and 1.35. In the Bomke
measurements no increase above the 1,200 ¢m.?
was observed. Consequently, a backscatter
factor of about 1.35 to 1.36 is about maximum
for this quality of radiation. However, in the
lateral irradiation, the backscatter factor may
well be less because of the curved nature of
the surface cxposed to the beam and because
the 1,200 em.? is actually the effective area of
the field at the midline, but not at the surface,
Measurements were therefore undertaken, using
condenser chambers ac the curved surface of
a Masonite phantom made in the shape of a
chest and approximately under the conditions of
a normal lateral irradiation. These yielded
backscatter of 20 percent rather than 35 percent,
Consequently, the skin dose at any given value
of a, the half-lateral dimensions, can be found
by taking the air dose value from figure 2 and
multiplying by the curved surface backscatter
factor, 1.20. This factor may vary a little with
the size of chest and the shape of the lateral
wall, but an average value of 1.20 has been
used throughout. The condenser chamber, in
the practical irradiation, was rarely in the
position of maximum backscatter and conse-
quently might be expected to read low values.
In figure 3 the resuliant values of skin dose

P.S-37
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per 1001 (nominal) delivered in air ac midline are
plotted against lateral dimensions of the patient.

Meosurement of depth dose distribution

Depth dose measurements were made with a
Bomke dosimeter in a maximum backscatcer
phantom; the phantom had an area of approxi-
mately 1,200 ¢m.' and was filled with warer.
This yielded the depth dose curve shown in
figure 4. The measurements were caken with the
phantom replacing the pacient close to the wall,
but even at the greater depths no influence of
the wall was noticed in the measurements.
Consequently this factor can be ignored in the
actual irradiation of the pacient, This depch dose
curve will, however, not represent the actual
situation in the patient close to the front surface
exposed to the beam, because there :he skin
dose is about 11 percent less, as we have
already seen. .Mt appreciable depiths in the
patient’s trunk, the depcth dose will be sub-
stantially the same as .that indicated here.
'nfortunately this acrval situatjon could not be
measured directly at this time because no chese
phantem in water, through which the chamber
could be moved, was available, However, the
depth dose is required, at this point, only to
check the approximate value of u 10 be used for
this quality of radiation. Mayneord's graph

19¢

/

Sxti DOSE 1mo

130k -
‘:ck L b
2 25 L 3 40
LATEUAL DIMENYIEN 1k im
FIGURE 3

Relation beiween skin dose, r per 100 r nominal asr
dose delivered to the midline, and latera! dimensions
of the patient. The values of skin dose are found by
assuming that the midline of all patients :s at 205 cm.
The lateral dimensions will therefore determine the
distance of the surface [rom the x-ray source and
consequently determine the air dose a: that point.
Application of the backscatter factor thus establishes
the value of the skin dose,
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Percentage depth dose caused by x-radiation of
250 kv., 3 mm, Cu HVL, 190 cm. FSD, and a field of
approximately 1,200 cm.? Measurements were made
with a small tonization chamber probe (Bomke) and
a water phantom.
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FIGURE 5

Average dose per unit skin dose as a fungtion of

pa the product of the linear absorptionﬁiem (w

and the bhalf-lateral dimension (a). “Mayneord has

derived the values from the formula for the average

(3, fig. 6) yields a value of y of 0.053 em:* for
3 mm. Cu HVL. The value from the depth dose
curve of figure 4 corrected for distance, is .
0.063 cm:* If the backscatter at the surface
is lower, as we anticipate, the value should
actually be less. Mayneord’s values were de-
termined under better conditions in this respect.
Consequently a value of 0.055 cm’* for p has
been assumed throughout.

Application of Mayneord’s concepts

Mayneord (3) presents most of the material
used in this analysis. The integral dose in an
ellipse (3, p.362) is equal to nabDy [1.000 - pa +
0.625(pa)* = 0.292(pa)® + 0.109(pa) ~ 0.0343(pa) +- -+ J .
The bracketed quantity is the average dose and
Mayneord gives values (3, p. 362, table 2) for the
average dose against pa. For convenience this
has been plotted in figure S.

If we now take the value of g, equal to 0.055,
as proposed above, the value of average dose
for different values of lateral dimensions(2a)
can be plotted as shown in figure 6. These
values are for the trunk only. This graph has to
be carried on to about 40 cm. because the lateral
dimensions are greater than the anterior-posterior
(AP) dimensions for which Mayneord did most
of his work. It may be noted that his formula
(3, p- 362) applies equally well to lateral irradi-
ation, provided that the proper major-minor axes
are used and that there is exponential decrease
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FIGURE 6

Relation between average dose per unit skin dose

dose for an ellipse as quoted in the text. This graph and lateral dimensions (trunk). This curve is derived
bas been plotted from Mayneord's calculations from that of figure 5 using the values p=0.055 cm™*
" (3, p. 362, table 2). ) (see text). The curve will apply to the trunk Onl))‘




of dose with depth. This is approximately true,
as we have already seen. The values for the
trunk must now be compounded with the values
for the limbs in order to obtain the final average
dose. ln Mayneord’s work the limbs have been
taken on the average, as ”,, of the AP dimen-
sions, but the lateral is about % times larger
than the AP dimensions. Therefore the limbs
should be taken as %'/, of the lateral, or just
about half. Consequently we can plot the average
dose for the limbs by taking 'Y/, of che latera]
dimensions and using Mayneord’s values (3,
p. 363, table 4). See figure 7. In otder to get the
whole body average dose we now take % of the
trunk value, 3; of the limb value, for a particular
lateral dimension, and draw a new graph (fig. 8)
for the average dose for the whole body against
the lateral dimensions. These values are for an
infinite focal skin distance as determined from
Mayneord’s data, For the average focal skin
distance used in these measurements, 190 cm.,
they should be modified by a factor provided by
Mayneord (3, p. 3¢4, fig. 4), yielding tor 190 cm.
a factor of 0.91. This correction is indicated
also in figure 8, Con.bining this graph with
figure 3, indicating the skin dose for 100 ¢
delivered at 205 c¢m., yields a final graph
(fig. 9) of the average dose per nominal 100t
in air at 205 em. Using the factor, 0.97 rads per
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FIGURE 8

Relation betueen average dose per unit skin dose
and lateral dimensions (whole body), Using the data
of figure 6 arnd [igure 7 and the fact that the trunk
represents % and the limbs %, of the total body weight,
this curve is derived for the whole body. The values
represented In figures ¢ and 7 are strictly correct
for infinite focal skin distance only for a distance
of 190 cm. a f[actor of 0.91 should be applied
throughout, This has been done for the values
represenied in figure 8,
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FIGURE 7

Relation betucen average dose per unit skin dose
and lateral dimensions (limbs). This curve is derived
from that of ligure S using the fact that the limbs
are about V,, of the AP dimension and the AP di-
mensions are about %, of the lateral dimensions. Thus
the dimcnsions of the limbs are about *W,, of the
lateral dimensions.
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FIGUCRE 9

Graph showing the average dose in rads das a
function of the lateral dimensions, Combination of
the results of figure 3 with those of figure 8 enables
the average dose in roentgens lo be expressed as a
function of lateral dimensions. Application of the
factor 0.97 rads pgr 1.0r for this guality of radiation
enables the values in figure 9 to be expressed in rads,
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roentgen “for this quality, we are able to show
in figure 9 also the average dose in rads as &
function of the lateral diameter. The final
integral dose can be obtained directly, knowing
the patient’s lateral diameter, by taking the
average dose from figure 9 and multiplying by the
weight in grams, giving the answer in gran-rads.

Variation in average dose
It would be desirable to have some estimate of
the variation of dose throughout the body. This
could be expressed as a percentage variation
of the average dose .or alternatively in the form
f peximum o _mIiOMum_dose, The former is the
average . ayerage .
more convenient. 1f we take a typical example,
with 2a=32.5 cm., two parallel opposing depth
dose curves (fig. 4) will yield the central axes
distribution shown in figure 10. This graph

O g MAXIMUM DOSE - —
AN Vd
100 \\ COMBINED DOSE OF THE //
\ N TWOPEDS /
90F < AVERAGE DOSE 7
AN /
o \
80 N pd

st FIELD 2nd FIELD

70 MINIMUM DOSE

60

50

40

RELATIVE DOSE (PER 100r SKIN DOSE EACH FIELD)

30

20

10
° 1 L L
o] 10 20 30

OEPTH IN TRUNK (Ncm

FIGURE 10

Graph showing the variation in dose across the
trunk, The effect of delivering balf the irradiation
through each of two parallel opposing lateral fields
is shown, The maximum and the minimum doses are
about 20 percent above and below the average dose.
This variation is greater for larger lateral dimensions
and less for smaller lateral dimensions.

probably represents a greater variation than
would be found with a depth dose for the actual
situation in the body which has a smaller value
of y. The variation of the maximum and minimum
doses above and below the average is of the
order of 18 to 20 percent. Plotting other such
distributions for other values of 2a yields the
curve of figure 11, showing percentage variation
in the average dose as a function of 2a. Even
with the largest patients it is seen that the
variation does not exceed 130 percent and for
most patients the variation is only about 15 to
20 percent.

Comparison of measured and calculated skin doses

The condenser chamber measurements of en-
trance dose yield values which (even when
corrected for an earlier error in calibration) are
a small percent lower than expected from the
air dose determinations and the estimate of
skin dose. The difference is due (1) to possible
higher temperature conditions on the skin of the
patient, (2) to the fact that the chamber is rarely
at the position of maximum backscatter, and
(3) to the fact that the midline of the patient
may be slightly farther away from the tube than
the point of air measurement, 205 cm. An error
of more than 5 cm. in the positioning is consid-
ered unlikely, however, and this will give rise
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FIGURE 11

Graph showing the percentage variation in average
dose as a function of the lateral dimensions. The
variation in the dose becomes greater as the lateral
dimensions increase (see legend to figure 10).
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to an error of no more than 3 percent in the true
air dose (o the midline. Furthermore, the vaci-
ations and general unceliability of chis type of
condenser chamber, as compared with the steadi-
ness of the exposure measurements with the
Victoreen chamber and the consistency of the
backscatter detecminations with a variety of
measuring instruments, support the desirability
of basing all subsequent estimates on the air
dose determination, Therefore, while the con-
denser chamber determinations of integral dose
are included for comparison, they are regarded
as acting only as a useful experimental check
on the air-dose determination.

SUMMARY

A prescribed air dose has been delivered to
each individual and a record of his lateral di-
ameter and weight kept, This nominal air dose
is modified by a factor of 0.945 1o exclude the
wall backscatter from the measurement and yield
the actual air dose. The average dose in rads
is determined from che final graph (fig. 9) of
average dose per nominal 100¢ at 205 cm. The

5770

integral dose is then this average dose multi-
plied by the weight of the individual. The
variation in average dose is taken from figure 11,
This procedure has been followed in making up
the table on the dosimetry of all patients
irradiaced at a nominal air dose of 200 ¢,
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=% he Josimerry of -bo.le-bodr z-irrediation when patient is irradinted latemlly
* rith two parmliel opposing fields of r-rays at 250 kv., 3 mm. Cu HVL, at a dose
_.mte of about 3.B 1 minute is discussed. The difference between whole-body

‘ c?-ue and whole-body dose is explained.

.. Experimental work has shown that for a aomina! exposure (or air dose) of 200«
-3t the midline, the actual dose is oaly 189 r. The skin dose varies with the lateral
_flimensions of the patient but usually amounts ro sbout 135r at each side of the
~atient. The theoretical and experimental srudies of Mayneord sre used to derive
“Yhe average dose {or specific integral dose) and the integral dose, as a functon

» ient dimensions.
=" Far » series of 35 patieats irradiared laterally the mean of the sverage dose
Jor each patient was d to be 130.]1 4.8 mds for & sominal 200 at the midline.

The variation in the average dose throughout esch patient is about +20 percent.
.The mean integral dose was found to be B.06+ 1.23 megagram rads.

. ~Condenser chambers were used at the surface of each patient during irradiation
2o act as a check on the skin dose. Most of the results were lower than the values
_estimated from the air dose but the average difference did not exceed 10 percent.
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