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_ S nmonumon _
Partial and whole body :I.rndiat:lon delivered by a cobalt-60

' (6 Co) I:elethcrapy unit I:u bem used in the therapy of certain

- . e'nnct}rs (1) This thcnpy is given as a single dose bilaterally.

Y

An unwmted side cffoct 1: an dternt:lon in the blood pictuu.

In the normal adult, the blood cells and their precuuorn are

_produzed in "active"” bone marrow. urge doses of radiation

affect the "active" marrow to produce the unwanted aide effects.
60

'Iherefnre, for a known midline " cobalt exposure, 1t is very
. important to know vbat the dose will be in the ‘entire "active"

marrow. This total dose 13 important for correlation with pre-
viously demonstrated changes in the blood pictures of irradiated

patients. The messure of dose in only one section of theé irradiated

marrow gives no indication of "the absorbed dose in en adjacent

or far removed area becauée of differences in distance, scsatter,
overlying tissue, atc. Measurements in all irradiated sections

of marrow. would provide a better estimate of “act:lve marrow
\ e

dose. . _
The purpose of this study is to experimentally determine
"active" bone marrow dose under simulated whole body and partial

body 6':’cm:mlt: exposure conditions.

II METHODS

lleunrm.ts in a human subject would p‘rov':l.de the best




indication of marrow dose, but the placement of dogimeters in
'tl.xe WATTOW spaces prior to irradiation and their subsequent =z

. removal #tcr_ irradiation is not feasible at the present time.

e -

The next best approach would be to use & human tiuue-equi-vnlent '
phantonm contai;nng & human tkglet;on which would be us.:l.ly access—
ible for dosimeter placement. The Rando phantom possessed by -
thelhdiolog_y Department of Cincinnati General Hospital is an

“1deal subject for these measurements (2).
) . A. Equipment c T £

1. %0opeie teletherapy unit. (Eldorado A, Atemic

Energy of Canada).

2. Victoreen Condenser R Chambers calibrated for
cobalt gamma rays.

3. Lithium -ﬂuor:lde powder in a homogeneocus form.
(TLD-100, Harshaw Chemical Company, Cleveland,
Ohio). .

4. Lucite ca;pculea. (for holding powder).

5. Lab Heat mffle furnace. (Blue M Electric .company.
\B,];ue Island, Illinois). ‘ - L

6. I.aborator:r glass drying oven.

7. Thermoluminescence radiation exposure meter (Madison
Research, Development Laboratories, Inc., Madison,

il:llm_nsin) .

8. Rando human tiasue-eqﬁivalan: trunk phantom (Machlett
Laboratories, Inc., Springdale, Connecticut).

9. Human articulated skeleton approximately the same size
as the skeleton in the phantom. -

B. Dosimeter Loading Procedures
The Rando phantou i{s divided into 36 sections (see figure 1).
b _Sections 0 to 34 are 2.5 cn (=' 1 inch) thick and cut parallel in

s horizontal field.
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Figure 1. Sections of the Rando phantom

Sections 1 through 34 have & number of evenly apa'lced
vertical .Eplas with a 0.5 cm diameter. For each of these uc.t:lons
there 1: 'a companion full-'aiu translucent line dtawi'ng wvhich
shows the.-“enct lécatiol-u of the predrilled holes. The holes
sccommodate lucite capsules 0.5 ca in diameter by 2.5 cm lomg.

To measure radiation dbu. t_ha capsules are filled with lithium

fluoride (TLD-100) and ;-nlaced in the dasired positioms. ﬁtrn

‘holes can be drilled wﬁere_ necessary.
To locate the bone structure in the phantom, tn&iographs

of sach of the sections one to thirty-four were taken (see




Figure 2). The ev-ei:ly spaced predrilled holes and the bone

'.c'tructures are clearly delineated on the radiograph. The

trmlucent line drawings of the sections were placed over

.. the cqmspond:lng rad:logtaphs and the bone structures were

traced on the paper as shown in Figure 3. The filled dosimters
were judiciously placed in the bone cavities as demonstrated by

the radiographs and corresponding drawings. More than \200

-.capsules were loaded into the phantom for each of the three

" procedures described below. In most cases the c;plules con-

tained enough powder fqr two dose measurements,

R T N M T Ny Tp e m T e Ry S e TR m

Mrotrs, .

A

Y

t/r'f'-'t’f.f.ﬂrf.f.ac

r:lgure 2. Radiograph of Rando phantom Section 2
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Figure 3. Line drawing of Section 2 with outline of bone structure

C. Defining the Phantom Exposure
It qed decided at the outset that three sets of measurepents

\- ~
would be taken. Thiq was done to approximate the three different

60

wvhole and partial bodf co irradiation procedures presently

used at Cincinnat{ General Hospital (see Pigures 4,5 and 6).

D. Calibration Procedures
When lithium fluoride powder is properly pre-treated and
subsequently exposed to radiation, some of the electrons are

raised to higher‘cnerzy levels and t;apped ingide erystal
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.given amount of light will result and can be messured. A

— - —— e - — — R T

lattices. Post-irradiation heating causes these alectrons

“to fall back to lower enetgf levels. The consequent emission

of cl_ec:'mingneué radiation in the visible light region is
detcééed by a photqnultiplier tube and recorded with a digital
counter, The iight output of thé pd%d?r is directly propdréional
to the quantity of radiation. Lithium fluoride shows only a

slight photon energy dependence and firtually no dose-rate

- dependence (3).

After irradiation of the phantom in the experiment, the
lithium fluoride powder is loaded into a receiving binl(éf
from which a single aliquot of the powder is delivered into

a4 heating pan. The pan is passed between electrodes and is

heated rapidly to about 300 degrees centigrade. During the

heating of the lithium fluoride, the electron energy shift
takes place and light is emitted. For a given radiation
exposure to a properly treated batch of lithium fluoride, a
properly‘rccorded light output over a certain period of

time 1s called a “glow curve". It is essentizl that the )

- time of heating and the te!perlturp-lre identical for each

measurement for consistent results. Experimentally, under
the best conditions; the standard deviation for reproducibility
of readings is about & 0.5 percent. The heating of the powder

and recording of the light is often termed "read-out".
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Before valid results can be obtained using LiF, a

calibration curve must be run to determine the sp;cific

sunber of light counts for each Roentgen of exposure. In
. & - : '
.the calibration procedure two Victoreen Condenser R chambers

. and a 100 R high energy air equtvnien;_chambe: were used.

The 100R high energy chamber had been calibrated for 60,

irradistion; the correct reading is cbtaimed by multiplying

‘tﬁé observed reading by 0.97. For the higher exposure levels

a 250 R medium energy chamber calibrated for 6OCo was used.

The éorrection factor was 1.45. )

For Ehe fi;st calibration curve, two exposures of the
app?opriate condenser R chamber were made at each of eight
diffg;ent-e:posure tiieé.' The measured Roentgen values at
each exposure time were averaged.. Enough of the LiF filled
Jucite capsules were similarly exposed for 14 to 16 readings.

fh;se ieasurad light outpdt values were averaged. For the

L ,
second and third calibration curves there were similarly

. two exposures of the appropriate condensér R chambers for

each radiation exposure time, Seven or eight aliquots of
the powder vere "read-out" at each of the different times.
- All exposures were made at an 80 ea source-chamber

distance and a2 10 em x 10 cm field size. The times used

-and tﬁe éiléulated doses are given in Table 1.
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Y= b‘:'. + blx vhere'X is the net emitted light counts and

To secure the "best_?it" lines for the data, least

‘square ihllfles were performed on all three segh (see

Yigures 7,8 and 9). The curves are defined by the é&ugtion ~

Y is rads. ‘bo is the Y intercept and bl is the slope of
tﬁe line. The 95 percent confidence bands for the lines

are.shown in the three graphs (6). The tﬁree curves

".were run in succession. The'sen;itivity of the powder

- (counts/rad) in calibration curve #2 is slightly greater

than.in curve fl. Thé sensitivity then drops in curve #3.
The powder was fresh before curve #1 was run. Cameron

;t. al. (7) report that LiF powder can be feu;ed and its
sensitivity at first increases. 'Iarznark et. al, (8)
indicate that the sensitivity is reduced by repeated'
exposure and reprocessing. This fact was very much in
evidence_afte; the third annealing procedure.

. o

111 RBSDiTS _

A. Counting Procedures —- Couv;rsion of‘ﬂht Counts to Rads

The phantom was loaded and irradiated in the same manner

" for each of the three different exposures. The lucite capsules

containing the LiF powder were removed and "read-out™ 24 to

.72 bours later. Check exposures were made on a suisequent

date and the capsules were "read-out” 24 to 72 hours later.
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In nearly ¢v;ry instance & minimum of two aliquots of the
idF powder was contained in each capsule; Where only one
"&liquot was available, the reading was accepted. In all
othgr initanégs the two readings were averaged. .The net
counéa and corresponding net rads are indicated in Table '
2 for the thr;; different types ;f exposure. The dosimeter

numbers define the dosimeter positions in the phantom.

--B.» Check Prqcedures

In order to substantiate the data, checi measurements
.were made for each of the three different types of expoaure.
D9simeters were placed randomly in fhe phantom and the
exposures were duplicated. Tables 3,4, and 5 show the
results of the ch;ck procedures for the three exposufe
conditions; Ret couﬁts'lre given for the first exposure
and its check in each instance. The percent difference
is shown an&-an average percent difference for all the

dosimeters is calculated. The range of ﬁercent differences

is also given.
IV INTERPRETATION OF THE DATA

The data collected by Mechanik (9) is the most complete

treatise available on the weights of marrow in the bone of
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or Whale Body Partizl Body Pareial
m_Ml Lsds _Bads_ | et Cowary . Rads
1 12 s 1998 179.95 16 3.8
2 %7 a..m 17% 158.39 1) 2.0
] 3 %5 ;.8 1901 11.20 n 4.6
: ) ” 8.0 im 180.37 1n 3.07
[ 200 ".79 1761 158.57 14 .8
. ] 2.9 217 193.71 15 360
7 1060 .07 mz 199.26 n 5.9
. un 109.06 mz 183.02 14 3.3
s 1us 108.00 no 190.03 W .0
' ) 10 1063 ”.3) 2030 152.84 ’ .7
: 11 1356 123.49 2258 203.40 19 4.30
; ] 12 1352 125.13 2138 194,38 16 3.8
' n 1288 119.42 2203 198.44 13 3.68
- S T 1m 122.%4 2070 186.45 0 445
; 13 1240 115.13 2032 183.02 3 4.9
’ 1s 1527 140.75 2185 196.85 1 4.6
17 1381 145.57 233 210.62 15 3.68
: 13 1384 145.85 218 208.55 13 3.48
! 19 132 140,22 2213 199.35 1] 4.92
20 1454 13,24 1Y 202.23 2 4.76
; n 1540 1419 on 204.58 T 1
| 22 153 1AL.30 2202 198.35 2 4.76
. n 1786 163.87 2348 1.2 n 2.07
e 24 1602 147.43 758 203.40 19 4.30
2s 1681 154.50 2223 200.43 10 2.9
26 1644 151.19 2708 198.62 20 645
27 1613 148.43 an 191.9% 1% 3.8
2 1603 147.53 27260 203.5¢9 ;T 3.53
29 1664 152.98 2327 209.5) 15 3.68
. 30 1660 152.62 2309 208.01 16 3.84
n 1641 150.93 nn 204.67 18 4.1%
2 ins 189,32 223 201.15 1 3.48
. n 1ne 157.09 2220 19%.98 u 3.5
- M 1702 156,37 2226 200.52 ] 4.43
35 1785 163278 2343 m1.07 1n 4.6
3% '.g;: 162.98 276 205.02 15 4.1%
EY) \ 164.76 2483 223.70 n 3.07
3 17% 164.58 2188 212.16 n 4.92
3 0L 17%.13 2455 221.18 Y] 8.62
40 . 1m 173.42 2364 212.97 & 7.05
. 41 1862 171.10 2463 221,90 » 6.00
42 1925 176.20 U2 21868 a 7.69
.43 m . 164,43 703 207.46 1 S.84
4 1m 157.2¢ 2% 306.63 ™ 5.84
45 1903 174.32 nw 109.9%0 5 9.24
&4 1953 170,98 e 219.28 [T} 7.08
&7 036 185.73 — o 8.47
48 1047 1.3 mo 204.10 a1 9.24
49 1301 174.13 1306 207.74 3] .35
- 30 1840 168.70 ms 199.42 Y &4
5 1198 164.67 %9 190.08 n 6.15
52 1086 172.80 1207 192.50 &1 7.69
53 nn 193.86 1437 129.34 [ 10.47
- . -
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5 1938 177.44 1478 133.04 n 12.32
9 1134 159,23 1320 188.79 52 2%
5 1455 152.18 1348 in.n 53 9.85
» 1635 150.39 1372 123.48 “ s
& 129 147.70 1422 121.9 62 10.9
o ne 192.70 k] 27.95 1 14.48
62 24 211.89 E 30.74 ] 14.18
6 B2 w.n 473 42.38 ”n 15.41
. b, 1977 180.52 361 12.28 " 14.02
- 45 1786 163.87 364 32.35 n 14.18
% 17138 139.58 379 33.9% " 14.93
67 1823 167.17 342 32.37 7 13.40
] 1900 174,05 355 3L.74 ” 16.02
] 1993 182,35 149 13.15 o 74.97
70 2047 187.17 147 12.97 A58 72.03
n 1919 175.74 161 14.23 413 ¢5.00
n 1809 185.92 © 139 12.25 26 57.38
73 17127 158.60 140 12.34 368 50.13
1. 1638 185.12 47 12.97 74 59.07
75 1392 146.55 130 11.44 e 59.69
76 175 158.42 136 11.98 39 53.22
n 165 197.70 113 9.90 940 146.40
n 1858 170.30 s 7.5 1124 174.79
44 1547 162.% 100 8.7 728 113.69
] 1797 164.85 6 5.3 urs 182.66
au 1819 166.82 1] $.03 964 150.10
” 1755 161.10 8 5.85 79 182.42
© 1809 165.92 ] 8.0 1042 162.14
" T 1903 175.31 3 6.30 1023 189,21
;5 1587 14s.11 7 $.03 240 136.97
% 1596 146.91 58 4.67 53 132.98
" 1438 1.8 6 .21 776 2130
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%0 1215 113.7¢ 3] 4.4 925 146.09
”n Te 1293 119,86 s 4 253 132.29
7 1750 160.66 54 4.58 1009 157.08
” - 1613 148.43 ) 5.9 906 141.16
% 1557 14343 36 476 "3 136.06
” 1738 159.38 L] 449 —
ol ns 160.66 5 4.67 %7 150.57
97 1415 130.75 &2 5.3 ns 126.96
" 1701 156.29 A 4.04 43 146.86
” 139 128.61 2 3.%0 1288 199,63
100 14608 247.90 &6 3.06 1076 167.39
71 U9 133.25 4 1.6 1027 139,82
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103 1231 114.33 - 09 126.19
104 1605 17,71 47 .95 961 149.64
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Dosimeter Waols Dody Pertial Body
~Jvshee . 1 Vet Coupta _ _ Bads _ I Jat Cowats
w06 - 2414 130.66 0-
107 17 122.3% Iy
108 1222 113,53 ]
109 1537 141.64 0
1o 1402 136.73 8
111 1318 122.10 a &
» N
12 2109 201,863 &0
13 2038 106.36 - 1
14 1307 11.11 "
ns -— -
16 1422 1.3 »
- 117 1453 134,18 0
- 113 1348 124.51 40
119 1388 128.34 »
120 1784 163.69 »
11 1932 176.90 n
122 2077 139.86 “
123 1873 171.64 0
134 1912 175.12 ®
125 1958 119.22 52
| 126 1302 138.52 n
: 127 1434 132,45 ™
128 1432 192,27 as
- 129 1149 103.01 0
. 10 1157 107.72 “
\ m 1148 108.71 »
132 1107 103.26 n
133 1131 105.40 7
134 1124 104.78 %
135 1199 111.47 »
136 762 72.47 n
137 770 73.18 1
188 788 74.79 1*
139 784 74.43 n
140 . 926 .11 n
151 436 45.15 n
! 142 red 48.22 2
i 143 .. 4% 45.3 ]
i 16k S 1 35.06 14
! 143 209 3.1 n
146 T 26.30 M
17 243 26.24 L)
148 79 29.35 »
19 130 17.84 )
150 15% 10.64 13
. 1% 152 18.02 20
152 158 10.88 %
i
] .
]
!
: ] i
:

———— e ——— ce em s owmwmrms = ' o e s e e s n ram e e A S EE SR - S T ts e e s -

3.
4.8
4.13
4.22
.04
3.6
6.12
a0
1.%
3.48
.60
3.13
4.49
3.3

3.4
1.5
3.a
412
5.0
4.40
.3

.07
4.22
J.68
.14
1.70
2.1
.06
.42

.79
1.42

2.31
2.5
1.52
.M
9.97
L7
1.48

.87
.34

1.52
1.13

BEECEEUERERRE ERabBsenr

EE§
!S

130.97
131.13
1233.%7
153.50
159.21
159.36
154.89
232.65
132.30

.m0
168.77
166.21
148.77
165.07
180.63

128.93
250.33%
235.27
238.98
229.87
127.40
226.17
228.93
229.41
234.83
224.16
208.99
211.05
130.03
as.37
217.68
207.50
203.80
234.50
27.87
194.21
189.29
110.28
195.00
104.67
184.20
196.53
128.35
1)0.82
128.20
133.%

203,33 -

- e e e r—

ki ek B 8 S — i —— A




v e e A e

PBNAMEAdHRNONOERCNLUHEONRNDONE

e werununesbRLSRRRREERRERRRERYSERYY

s aAd W
[} [ B BN N B

465

147

e T N e T -

-18-

T
&:‘:ﬂ
Whole Sody Parcisl Bady Fertial Body
et Coupts  _Rade 1 Net Couots Rads

25.59 1752 157.76 ? 2.48
101.3 2079 187.26 14 3.33
115.67 2023 182.21 13 Ly
139.59 2237 201.5) 14 1.5
153.78 2255 203.13 2 3.38
151.46 2113 190.32 19 .30
157.26 2251 202.77 19 4.30
161.19 ns0 193.66 16 T
148.80 2397 215.9 2 3.07
169.4% D18 208. 55 28 5.69
165.74 2303 207.46 39 7.39
168,60 -— -— e 7.69
174,08 1923 171318 6 10.01
174.94 1524 137.19 7 12.48
200.64 %5 86.76 ” 16.79
202.88 453 40.58 % 16.18
195.82 270 26.07 16 19.27
193.15 209 18.56 224 35.93
193.31 168 14.87 9 62.93
160.30 122 10.72 661 103.35
154.42 97 046 864 134.68
149,59 & 5,66 929 144.70
137.72 52 4,40 856 133,44
122.63 a2 3.%0 ) 130.34
110.76 n 1.51 093 134.68
170.92 3 2.69 1179 214.13
194.93 46 3.86 1452 225.40
175.92 &4 3.60 1510 234,35
128.25 38 2.87 1658 227.40
106.39 n 2.5t 1406 218.30

75.18 » 3.08 1337 207.68

45.96 FL] 1.79 1230 191.18

28.19 n 1.83, 1167 181.43

17.57 28 2.24 o 130.97

— T Y | —r—— T A Gn W Om W - = - = S Wy - MR eid

At



-
e
'

i

1

H

i

i

H

;
N
i

i

}

: .
}

[]

]

§

b

B EE R kel m e ek mmee W

C

Goved
-~ -
Bosimatar Whols Sody Partial Body
Bet Covacs . Bads I Mot Counts _ __Rads
DL 1837 150.57 ” [ 3%
pLY 3 1833 150.39 2 7.20
16 LL 1978 .o 160 14.14
b A Lungs 192 1K2.26 157 n.87
17 L un 208.14 o un.m
I’ 2109 199.84 %0 .09
21 L 1961 179.49 1498 134,85
nw 1927 176.46 1494 134.43
2l Le 1937 179.13 1417 128.44
23 La Liver 1 163.51 2409 217.03
23 La L 1749 140.57 2298 207.01
24 La 148 171.1% kY 223.34
4 Ly 1883 172.53 1512 126.32
23 La 1877 in.e» 2413 217.3¢9
23 Ib . L 1%08 176,76 2449 220.64
20 Spl  Splesn 2198 200.64 %7 85.14
11 sl 10 177.62 1526 137.3
23 L xi4 1835 168. 24 2286 205.93
13 1 Kid 1741 159.85 un 204,53
24 L Kid 1161 161. 64 2341 0.8
24 R K14 1881 172.15 424 8.28
13 L K14 Eidueys 1846 169.23 2324 209.36
25 R Eid 1004 165.48 umn 214.23
26 L K44 1022 167.08 450 20.73
26 & Kid 1800 185.12 pk! ] 210.62
13 VL Somaral -— [ ] .93
13 13 F BEeads -— 77 6. 66
and
Focks
16 Misc L . 156 187.97 141 12.43
16 Misc R nz7 19%.31 144 11.70
31 Lov 1636 150.43 28 206.20
3l R Ov Owarias 1593 uWé.n2 2212 - 204,67 .
32 LOv 1456 134.41 2302 207.37
32 ROv e 126.65 178 196.19
31 Uterus Utarus 1590 146.37 2306 2071.7%
32 Uterue 28 119.15 2062 105.72
Vo
»

[ - v = agema -

Toble 2. {coutfnued)

- e W e e ——————wlel. S— .

-———— e e e en



I9°C + 03 Yg*L - oBuwy '

LSY' T~ = DUIIIIITP 9Bwaeay

~20-

°C + SST 9T . F
T°t - £ST BST - - TST
o' - LyI 0ST 691
$'0 + €ezT 6611 , SET
. 6'T = 60TT rA a4 4 p
€E°E - TIet €481 XA
£’y - . ¢%02 el v
9°0 + 96LT ¥8LT 0zt
T + 9TLT £69T 17419
1T - L 7498 8091 001
L°'T + LYeT YZeT X
1°'C - ‘€102 9502 OSIH 1
#'0 + 4% ¢4 1212 OPIN 4
0°'¢g ~ 2002 Y112 q
0°9 - 98.T 0061 [,
£°'T + YA ! T06T 6t
Sy - 0L £S81 r
8'¢ - #9971 rAYA S ]
°T + 1291 2091 4z
€L - €991 98LT | % 4
€0 + 6TST »IST a
6'0 + L16 606 v
U193 IIa #3uUno) 9N S3UnoYy #
) 4 3oy ey ~ I9jyImgsoq

X

L ¥

9ansodxy - £pog. eToyy ao3 (199YD) SJusweInewsy ePFAONTI WNFYIT]

. ¢ 21981 .



45°€ + 03 ¥5'E - « wBuwy

159°0~ = 92U2I2J3Tp o8vivay

8°'T + €841 ZSLT \/
. 6'T - %612 3% 44 . da
. 2'0 + £622 6822 Lxwap T 1€
2T + 80¢€Z 8SZZ _ 9z
. L0 - 8Z¢2 SHEZ 0t
. €0 - L ET44 ) (T 44 o
S°¢ + 11]%4 922Z " vE
9°0 ~ 20€2 STET r
_ 6'0 +. 899 tzye 4
...m ‘ 8°C - %6€2 £9Y2Z 18
) 6°0 - EYEZ 99€Z oY
gt - 8I%2 1174 6¢
. £y - geET yEYT 9y
. 6°t -~ y8Z2 0€Z2 oY
c'gc - $S8T €261 |
DUIAIIIIAC X §3uno) s3Uno) 0N Joqumy
i I8N Fdays . . dajasmyeoq
O sansodxy (a9mo7)

4pog TeTIawd aoy. (3994D) wIusmdINewel pyaonTy WNTYIFT

. S ¥ 91q82



i ———

-

XT°CT:+ 03 26'CT~ = o8uwy

11€°T = = 9dusxaz37p ofuaeay

e

-22-

B R B S e b emn b e ——— - S—

ST+ BST . \ 14 .
E°TT+ Yoy 66¢ . s
T°T + . 799 : 199 2
R A 10T . 0901 T ¢t
0°0 . 08 ' ove . 19
. 0T - ) CTT SLTT 08
8¢ - . 08 - - 9gR ; x
6°C + - ' 9611 - 91T 74 1
9'0 - LAl At (4129 b
£'9 - ‘ 1% § S19T - B 41
0'g - 99€T [4:3 48 . SET
'L - ' TLET : 8LYT - 0ET
, ¥t~ 8021 0521 . TYT
6°LT~ (¥ 44 _ ov8 ¥
*IUIINIIIA & $3uUno) s3uno) 9N avquny
. I8N AOeYH n dejvugsoq

L
Yt

exngodxy (aeddg)
4pog TvTIIRd 107 (A99YD) BIUGWLANERSH PPFIONT unyyIF1

I S oTqwg




23

humang. Woodard & Bolodny (10) have summarized the data
of Mechsnik. Mechanik dissected thirteen cadavers including
six men and seven women. The ages ranged from 16 to 86

yur; and the causes of death vere as fouows.

’9. '.'. P i -
1) Senile marasmms = -~ 4
"2) Pneumonia - 3
3) Tuberculosis - 3
&) ﬁe;rt disease . 2

5) Malaria ' - 1
Mechanik removed the fresh bones and weighed them.
" The mATTOW was then removed and the bones reweighed, the
difference representing the marrow we:lgfxt. In the case |
of opposite side duplication, only the right side marrow
was considered. ‘
!.‘.l.lis. (11) further reviewed the literature on the
distribt:tion of active marrow. Using Kechanik's data
and the wrka of Hney (12) Huggins and Blockson (13),
and Cua:er (14), Ellis arrived at tl:ge conclus:l:an that
the "active” marrow in t.he'adult is contained in the
lk;:ll, clavicles, ‘scapulae, ctern}m. ribs, vertebrae,
pelvis, and proximal extremities. Custer's work shows

the percent of the marrow which is "active" at certain

ages. Ellis used the figures for age 40 and averaged the
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: weights of the narrow_fof twelve of the thirteen CIle!rl._'
He removed from consideration a 15 year old boy because of
his obviocus enacintion.'-the sumpary of Ellis’ wotk‘1: sﬁowd
in Table éi I@;: will serve as a reference point for all
.of ouf consideé;tions 1# calculating “active" bone marrow
ﬂo.es: | '

Many of the dosimeter positious could be identified
for éoffelation with Table 6, but many of the bones pass
throdg£ more than one of the parallel sectioﬁa of the
phantom. _Id prder é# determine ﬁore-glosély dosimeter
positiona, l'skeletén of approximately the lams.size as
that in the phanton was secured. lThe skeleton was care-
fully measured into 35 parallel secti&ns vhich were as
ddentical to the 35 phantum'sgctions as possible. The
sections were then marked off with a very thin plastic tape.
_(aee Figure 10).

\ The prey&gusly,-entioned radiograﬁhs of each section
were then‘compared.with the sections as marked on the skeleton.
Numbered markers wcre.plnééd as close to the axact locations .
oflthe lucite dﬁsinetars as vas posgihle. By this method the
bones and specific locations were dcte;mined for all of the
"dosinuters (see Figure 11). 7

The average rid dose to each leétion of the marrow could
be determined by using the data in Table 6, and the dosimeter

placement juat described.
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Tabla §
[N i .
’.t} :‘ Sarrow Distribarion of the Adult -
u - . .
-r(:;wn.' Traction ved Iad marrew wt. ¥ Total
o~ . T 1366 3.1
Crantom 165,83 9.7 124.3 .
— . Mendible 16k .. . 075 12.3 .
Gizai .7 t W]
.;“ u‘m.‘l § e m———— 20.0
r 7 and sack 2.5 0.7 50.3 -
2 67.4 0.75 16.2
T3 Clavicled N 0.5 2.4 2.3
e 3.0 0.6 7o 826 7.9
Ribs T AT
1 patr 0.2 ALl 0.4 5.0
2 12.6 6.4
3 . 6.0 1.4
4 , 18.6 5.3
s 7.8 9.4
p 2.8 10.0
7 - 15.0 2.6
. ' u‘o .l,
. 9 7.2 6.4
0 16.0 4.5
u 11.2 .. .
12 &6 315.3 3.4
Vartabras (Carvical) 5.9
1 6.6 ALl 0.75 5.3
N 2 8.4 6.1
2 Y a3
HE 8] Pt
¢ e 5.3
s 7.0 4
¢ . s U1y 1l
Yarcabras (Thoracie) : 8.1
by 10.8 a1 9.75 .8
2 n.7 8.3
3 1.4 5.1
4 2. 12.2 10.1
3 "'f 13.4 n.,
‘ ) U.S - n'l
¢ ot 13.9
M 18.5 34,8
s 19.7 T 15.9
lo u.: “.3 -
10 o7 18.4
T 25.0 - 2.8 4.1 16.9
Vertebras (Lusbar} .
1 17.8 ALt 0.7 n.s
1 31 23.9
H -+ .1
: 3.1 . 13.4
8 Bt : 143.6 US.6 139
196.0 09.7% m.0 n.1
m' oirdle . 193.0
2 Os coman 210.6 0.7
2 Femoral heads amd T
sacks 3.0 0.73 40.0
Zotal 1497.7 1045.7 1043.7 100.0
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Fig. 11.

Location

of dosimeters in the skeleton

e adeen . o




The anatomical positions-iistéd 1; Table 6 will be
followed in ordér, and the average doses in rads will be
éctermined.

A Ribs (gee !_':_l_.g&e 1.2). . X -

The methods of determining the dose in rads for each

of the rib plirs are as follows:

1. The values used are the averages of the right side
and the left side values.

.;2: When there are two or three values for a particulaf
individual rib, the values are averaged.

3. Vhen there is no measurement for a particular rib,
' the value used is an interpolation between its
superior and inferior member.

The dose to each pair of ribs is shown in Table 7.

¥

-
1]
7




29~

Figure 12. Do'sim_eter placement in the ribs.
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- B, Cra.n:lt.m (see Figure 13) '_ -
. Figure 13 shows the position of all the dosimeters placed
'in the skull and mandible. Arbitrarily the heavy black line

d;lvides the cranium into two halves. The contribution of

b -

‘each half 1s to be 50% of the total dose. The date are shown

in Table 8.

;il' Mandible (see Figure 13)
:The mandible 1s divided arbitrarily into two halves

as was the cranium. The dose values are showmn in Tgble 9.

-
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Figure 13. Dosimeter placement in the cranium and mandible.
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~ D, VScapulte and Bunc;al Heads and Becks (see Figure 14)

_The scapulae were again arbitrarily divided by the dotted

lines as shown in Figure 14 with each section contributing

502 to.the‘totgl dose. The dose values for the humeral

b A e

" heads and necks are represented by dosimeters 13L and

13R (see Table 10).

'E. Clavicles (see Figure 15)

.fﬂi three measured do;e values were averaged to arrive
at the nuaber of rads to each clavicle. fh; right and left
clavicle rads were then uveraged. The results are shown

below in Table 11.

P. Sternum (see Figure 15)
The rad values for the dosimeters shown in Figure 15

were averaged. The results are showm in Table 11.

oy

Table 11. Dose to the clavicles snd sternum.

Skeletal Whole Body Partial Body (Lower) Partial Body (Upper)
—Anatomy Iads Jade Iads
Clavicles 149.89 3.89 184.07
. Sternum 155.44 6.31 163.00
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R. scapulc-dorsal view

R. Humerus
L. scapula -~ dorsal view

closast
dosimster

) (in rib)
Y *
v f

closest dosimeter ~
{in rib)

closest
dosimeter

(in rib )
&

-

' @ .¥igure 14. Dosimeter placement in the scapulae and humeral heads and necks.




.
o

R. Clavicle Anterior

L. Clavicle Anterior

Figure 15. Dosimeter placement in the clavicles and sternum.
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G. Pelvic Area (see Figure'lﬁ)

. The pelvic area was given a total rad dose in the following

sanner.

~ 1. The sacrum was divided into three sections and
each gaction rad dose counted one-third. The
divigion lines are shown in Figure 16. The
averaged value is the value of-the net rads
for the sacrum. ‘

2. The values for the right os coxae and left os
coxae were figured separately and then averaged.

3. The values for the right and left heads and necks .
of the femora were figured separately and then
averaged. '

Dose values are listed in Table 12.
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Figure 16. Dosimeter placemenf: in the pelvis nnd‘ femoral heads andl necks.
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" H. Vertebrae (see Figure 17)

The active narréw weights of the vertebrae were shown in
. k!
Table 6. The dose values of all the vertebrae dosimeters were
averaged for each vertebra. Where there was no dosimeter, ‘the . -.

value assiéned vas an interpolation between its superior and

inferior member. The dose walues arﬁ shown in Table 14.
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Figure 17, Dosimeter ialicement in the vertebrae.
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The dose values for the cranium, mandible, clavicles and
sternum were given in Tables 8{ 9 and 11. The total gram-rads

for each of these sections is given in Table 15.
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. CONCLUSIONS

Mechanik and Bllis have together pro;ided'the u;erage
‘weight of "active" bone marrow in éhe forty year old male Y
py examination of total m;rraw weights in twelve carefully
dissected cfdayéfs. _The fact that these.were severely - . -
diseased individuals limits the absolute acceptance of the - -~---- - E Sz
BATTOW weight; however, these data are thé sest currently
available. Until exhaustive microscopic studies of the
.total marrow in undiseased human cadavers is undertaken,
the'values listed in Teble 6 will have to suffice.

It hag been po;gible by the'use of a tissue—equi;llent
phantom and thermoluminescence dosimetry (iithium fluoride
poﬁder) to obtain the "active" bone marrow dose in 6ocobalt
bilateral radiation exposure. The rad dose to each of the
active components is indicated. The gr&mrradb or integral
dose to each compartment h;; been calculated, snd these .
integral dose data are summarized in Table 15. For
bilateral 6ocqpalt exposure, partial body (lowerl irradiation
results in a considerably higher "active" bone marrow dose
than does partial body (upper) irradiation (the lower border
of the sternum serving to delineate the upper body and
lower body irradiation pfocedures). These data serve as
a basis for possible correlation of the henatélggic fin@ings
observed for uholé body_irradidtion and for pnttﬂal body AT B

irradiation (upper or lower body) in humans with the “active"
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bone marrow dose. Interpretations may follow concerning
the importance of shielding certain portions of "active" -

bone marrow,
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- Metabolic changes in humans following total body irradiation.-
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