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A METHOD FOR DETERMINING ACTIVE BONE MARROW DISTRIBUTION
* B B 4 OO M E &

BACKGROUND

Since 1961, a series of studies has been made at ABCC
for the determination of dose to the gonads and to the
active hone marrow by medical X-ray* These projects
were initiated to assess the contribution by medical X-ray
to the cumulative ionizing radiation experienced by
survivors of the atomic bombs.

The present study was conducted to define the quantity
of active bone marrow irradiated in whole and partial
body exposure in various roentgenographic, fluorographic
and photofluorographic examinations, and in therapeutic
procedures. Since the volume of tissue, including bone
marrow, exposed in roentgenological examinations varies
by body sites, by field size and configuration, calculations
were made to determine the quantity of active marrow in
such fields and body sites. An alternative would have
been to make a gross estimate of the fraction or percentage
of the total active marrow irradiated in a given procedure,
without regard to specific location, depth or projection.
The methodology adopted, permitted a more precise
determination of the quantity of active marrow at various
body sites, allowed better delineation of marrow within
margins of the direct beam of X-ray and at fixed depths
from body surface, in the posteroanterior, anteroposterior,
right and left lateral projections.

Active or red bone marrow is that part of the entire
quantity of bone marrow which is engaged in hemato-
poiesis, and in the adult is predominantly located in the
vertebrae, ribs, sternum, diploe of the skull, pelvis, and
proximal epiphysis of each femur and humerus. Fat is
also present in this active marrow.” One of the most
detailed investigations to ascertain bone marrow weight
and its location was that of Mechanik.® Unfortunately,
some of the 13 adult cadavers used in his study have
histories of various diseases prior to death which could
have caused some alteration in the quantity of active
The data of Mechanik® were recently
summarized by Woodard and l'iolodnyg who calculated
the quantity of marrow for certain bones and groups of
bones. However, none of these studies furnished values
for every bone in which active marrow is located.

7.8
marrow. !
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Ellis’ used the data of Mechanik® to determine the
average quantity of marrow for each bone in the body
of a 40-year-old adult, using Custer’s correction factors

11,12
for age.

At the time of the present study, no values
for quantities of marrow in individual bones of the body
were available for Japanese subjects. Studies have been
conducted in Japan, however, to determine the ratio of
weights between the cortex and the marrow of groups of
bones in Japanese cadavers. ¥ Variations in quantity of
active marrow in some bones in disease have also been
reported, as well as a diminution of active marrow with
increase in a.ge‘lnl Some variations by sex and age in
quantities of active marrow in certain bones have been
reported by Japanese investi gatm-s.Is When these values
are compared with those of Custer and Ahlfeldt'' and
Custer,12 no significant differences are seen. During the
present study, comparison of available data from a study
of cadavers of Japanesew did not indicate any appreciable
difference from the values calculated by Ellis." Specifi-
cally, the values were not less than those of Ellis. For
these reasons and because quantities were presented by
Ellis for each individual bone, the latter data were
adopted here. o

METHOD

In radiological practice, some variation in field format
occurs. In our earlier survey.3 the majority of hospitals
investigated were found to use rectangular or square
fields, rather than round ones. Therefore, expression of
marrow quantities by cubical configurations was reasonable.
Only in cases of small field sizes of round configuration
is there some lack of conformity to such a format. In
the present study, a cuboid sufficiently large to contain a
human skeleton, minus lower extremities, was divided
into 5em cube compartments each delineating portions
of the skeleton and their marrow cavities. It was assumed
that numerous small cubical compartments would describe
bone marrow location more exactly, than fewer relatively
large ones. The 5cm cube was selected to deal with a
rather wide variety of field sizes and to provide flexibility
necessary for asymmetrical projections.

It was assumed that from the roentgenographic appear-
ance of a given bone or portion thereof occupying a
given cubical compartment, the percent of its marrow
cavity in that compartment could be determined. This
percentage was then applied to the total marrow quantity
of the individual bone, to determine the amount in that
compartment. Though small errors result from such a

Ellis '* (£ Custer I @iE FFE12 2B, 4080
WAOEEOTHE 6 EE Mechanik ¢ OEFHIZE TN
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Ly, TTIERENTLhATVA. £, BREORD
FREMEBCIALAAEN L UERBIOFEFOMEEIZ>
W, BAAFFHFCLIAMELNH2.Y ZhE Custer
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procedure, by overestimation or underestimation, the
total quantity of marrow for an individual bone in no
case is altered, and any discrepancy is resolved by
compensation in adjacent compartments. The dose calcu-
lations for active marrow in all compartments were
determined at their centers,

To assign bones and marrow cavities thereof to approxi-
mate compartments by this procedure, a plastic chamber
100 em in length, 40em in width, and 32cm in height
was constructed. The thickness of each side was 0.3 cm,
and that of the base and top, 0.5cem each. All sides,
base and top were drilled with 0.5 mm perforations at
regular b cm intervals. A skeleton the size of an average
Japanese adult 156 cm body height, 53.5kg body weight'~
was fixed in the chamber at three posterior contacting
points: Skull, lower thoracic region, and pelvis. Threads
were passed through the perforations in the plastic
chamber in longitudinal, transverse and vertical planes,
and were fixed at their points of intersection with the
skeleton. The ‘cubes’ thus described were then labeled by
section and by number, as shown in Figure 1. Of the
476 compartments 188 contained bone, and 288 contained
none. Thicknesses of the various bones were assessed by
radiographs to assist in estimating percentage of active
marrow of each bone in each cubical compartment.

ELl. COHFBETIE, RELIVBE, RMLY ARLE
LAELRBRENN Y, EROLBHBEI—ETHE
DT, PHE—BLAEVEEHNS 5 T ZNIBRERKE
THESRTRET 2. o ThoRdiizs o T REH
OFRFEILZ OXKEORLTTZ 7.

COHEIII o TLHEREIETAELLUEHEEONRE
GHZ MBI+ A -, B 5100em, 18 40m, =S 32em D
FTIAF e rOfikfEsh. HMEOESI30.3m, E
e FmoES % 0.5em 2 LA, &HlE, E@m, &0
Lz, S5em METHE 0.5m ORI ITEbNIZ. HE
ANBEA®TFHER (54 156em, BE 53.5kg) " 1ZEL
ANEFHELZOBIIANRT, AE WETH, »LUEH
HoFHIPHCHEHELL., 75257 7HOELYG
HREELTHE #, FPLUKFOFHEEED, REEBL
EXYABERFIIEELAL. CoLIIZLTHLALA
E#Eizik, M1izmat L9, #Hlfgals L UEFNO
Tk, BEF AT EO L HXED S 5, 188 f#
BEE &AL, 2BEIEEETZ L. EHEOTOE
ARXBEEIIL S THY, ELHEKEAO ZLLND
HFortalbFE LT 20 L.

FIGURE 1 Cubical compartments used to describe location of bone marrow. Sections by letter are in the
transverse plane; cubes by number form the subdivisions of the sections in the coronal and
sagittal planes.
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Large bones of irregular contour (e.g. os coxae) were KEVEBEBAENE (RALAEER)BEDERNET

sectioned in planes corresponding to the cubical compart- AEMao T HFEEE—BTAEMIIE, THAML, £
ments they occupied, then weighed individually and HREEOEN S L asto®REEEY, KU THolodny

co]lectw.ely, and radlugraplh‘ed. They ?vere then impreg- |:) SIREF B BRI T, B L CEMEEE S
nated with beeswax by boiling according to the method

used by Holodny et al,"® but incorporating a suitable AR 18 X LR IE TSR T (Pantopaque ) & fll 2
concentration of contrast material(Pantopaque)in beeswax. . ZORBAIOBELFS T, VoS0 OAHME
Following solidification of the mixture, all excess material kL, BiEorryTHRiEL, XEEHREEST
was removed. The bones were cleansed with xylene and RARA IR KRR LA L EHRALA, KT, O
radiographed to assure that they were completely filled.

After a second individual and collective weighing of all i i1 o TR B L AR OBRE S
bone sections, their marrow cavities were evacuated in bE, F Ltk rBBNEEITE > THBEME RS

boiling xylene. Sections were removed from the solution
at high temperature and dried. They were then radio-
graphed to assure complete removal of the impregnating

L7, OEFERIEERT CEROB 2 IO hL, WKk
ser. KH?.XﬁKHﬁ%éH&qTﬁE%ﬁ%%

material, and again weighed individually and collectively, CRESNALCLERMRL, BLLTEAREOLT
verifying that final weights were the same as the initial ol TEREAEL, BHWHFHROMRAETIZH
ones. This complete procedure was used for the following SHERIELLAVWI LRSS, 0L ) 0E
bones: Scapula, rib 6th, vertebrae T6 and L3, and pelvis, REAITERL 0L, ﬂ._'.f B, 5 6ENE, 566

including sacrum. Such weights were used to determine % 3 H@*ﬁ. BYUMBLEUBRETH 7. LT

percentages of marrow of each bone in each compartment. Rt B R % % g T "
The steps are illustrated by reproductions of the pelvic ROLERIZETE, % LAKBASE L ENORIES
bone radiographs shown in Figure 2. - dABMLRERELL. ThOOREREEN 1L

LT, BREXSEREF 2IIRLA,

FIGURE 2 Tlium, ischium, sacrum and coccyx sectioned to conform to 5em cubical compartments, and
penetrated by beeswax-contrast media (A) and following treatment in xylene (B). Wax-contrast
media remaining in iliac bone section was subsequently removed.

M2 GSemdyAXECZ-BTSE 52, B, i—i—t’h‘. g, #EUREFER L, SH- EEAIR
SMALRES AR OXEER (A), 450 F 2 Ly IHATEL A LOXEER (B) .
WEER CEH - SRR AE ToRELAH AN, ThifzomBEELL.



RESULTS

The percentage distribution of all bones, by compartment,
is shown in Table 1. The quantities of active marrow in
grams for individual bones of the body as determined by
Ellis!" is shown in Table 2.

The quantities of active bone marrow in grams in each
compartment were calculated by applying the values in
Ellis’ table to the percentages obtained in thisstudy.
The results, in grams by compartment, are shown in

Table 3.
DISCUSSION

The distribution of active bone marrow weights as
compiled here provides data for bone marrow dosimetry.
It allows flexibility and accommodates to field shape.
Various field sizes can be readily considered in assigning
dose to marrow. The tables permit identification of the
active marrow volumes in various body sites, and in
irradiation of the body, asymmetrical fields, such as a
shoulder or a hip joint. They also provide a method for
determining dose, with some limitations, at certain
depths in the body. Variations in projection, such as
posteroanterior, anteroposterior and each lateral, are
rather easily dealt with. The tables are not easily
applied to oblique projections, however. Discrepancies in
alignment of margins of the X-ray beam with those of the
compartments, and the divergence of the beam at relatively
short target-film-distances introduce some error, but its
magnitude is unimportant for practical purposes. These
data form a basis for dosimetry studies with relatively
large numbers of exposures to medical X-ray, especially
those of the chest, abdomen, spine, hip, shoulder and
skull. They also are intended for future dosimetry
employing electronic computer calculations.

Data other than those of Ellis!® (Table 2) can be applied
to the percentage distribution tables (Table 1), if appro-
priate, as they become available.

SUMMARY

A method is presented for calculating active bone marrow
weights for body sites. Tables showing active marrow
weight distribution by this method are included. The
data thus compiled have application to calculation of
bone marrow dose in standard diagnostic and therapeutic
radiological procedures.
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TABLE 1 DISTRIBUTION OF ACTIVE BONE MARROW (PERCENT)

#1 HEMOTH(%)
Cube Cube
Section MNumber Part % Section Number Part %
H S R 2 it HlT I % i i

C 10 Skull HEF 2 G 11 C4 W a Bl 3
11 Skull HE# 4 11 Cs 6 b 6
12 Skull sz 2 11 Cé 6 10
17 Skull T 2 11 c7 7 15
18 Skull HEH 4 18 c3 w3 47
19 Skull Tz 2 18 c4 w4 o7
24 Skull ##E5 1 18 C5 5 94
25 Skull #EH 2 18 Cé 6 e 90
26 Skull FzE#H 1 18 Cc7 &7 65
D 3 Skull EH 2 <4 Mandible & 6
4 Skull s 4 25 Mandible PR 10
5 Skull g 9 26 Mandible F o 6
10 Skull SEEH 7 H 3 Scapula (right) 5/t (4) 3
11 Skull mEH 2 5 Scapula (left) HHE (%) 3
12 Skull wER 7 8 Scapula (right) Wi (4 10
17 Skull s 4 9 Scapula (right) He®E (&) 10
19 Skull mzE# 4 g Rib 2 (right) oM (&) 10
24 Skull 4 9 Rib 3 (right) ®3MWf (5) 19
25 Skull WEH 4 9 Rib 4 (right) B4R# (6] 12
26 Shkull A 4 10 Scapula (right) B&# (4} 5
& . —— . 10 Rib 2 (right) #2107 (6) 28
i Skull TEHF 5 10 R!b 3 (right) ®3W# (&) 25
2 Shil ’ 10 Rib 4 (right) B4 (i) 15
10 Skull SEEH 4 11 T1 W1 20
12 Skull TEE 4 11 L el 40
17 Skull H## 2 11 T3 S 80
18 Skull FE# 2 1 T8 moBE 10
19 Skull mEH 2 11 be 2 (right) & 2f (&) 2
. i : 11 Rib 2 (left)  ®2 e (1) 2
25 Skull & 2 i Rib 3 (right) %3t (+) 5
26 Skull mE# 1 11 Rib 3 (left)  mapmg (5 5
11 Rib 4 (right) 4 #p3 (F) 8
F 10 Skull  m#E# 2 11 Rib 4 (left) @4 #pfr (%) 8
11 al W 15 4 12 Scapula (left) B (%) 5
1 c2 2 i 5 12 Rib 2 (left)  ®2W# (&) 28
11 Skull szl 2 12 Rib 3 (left) ®3MWH () 25
12 Skull  H#EF 2 12 Rib 4 (left)  @M4Bb# () 15
17 C1 WL 3 13 Scapula (left) HWE (%) 10
17 Mandible F## 7 13 Rib 2 (left)  @ams (&) 10
17 Skull S 2 13 Rib 3 (left)  mampm (&) 19
18 Cc1 W 90 13 Rib 4 (left) WA () 12
18 c2 2w 95 14 Scapula (left) ki (Jc) 10
18 c3 i 50 15 Seapula (right) HEH (4) 15
18 Skull &R 1 15 Humerus (right) bBf (4) 40
19 c1 15 3 15 Clavicle (right) # # () 10
19 Mandible T3t 7 16 Scapula (right) H# () 20
19 Skall — HEH 2 16 Rib 2 (right) @B (&) 30
24 Mandible T3ith 27 16 Rib 3 (right) Wam# () 5
25 Mandible T 10 16 Clavicle (right) ## (%) 40

26 Mandible FHR#H 27
G 11 C3 W AT 3 17 Rib 1 (right) & 1a0# (&) 93




TABLE % 1

Cube

Section Number Part %

1T RE EATTE 5 i
H 17 Clavicle (right) 8 1+ (£ 40
18 Cc7 & 7O 20
18 T1 1B 20
18 T2 i 2R 60
18 T3 Rl 40
18 Rib 1 (right) & LS (40 5
18 Rib 1 (left) o LERE () 5
18 Rib 2 (right) % 2W# (&) 5
18 Rib 2 (lefty @2 Wif (%) 5
18 Clavicle (right) 8 # (4) 10
18 Clavicle (left) & 4 (%) 10
19 Rib 1 (left) & 1 (75) a3
19 Clavicle (left) & 4% (#) 40
20 Scapula (left) FHH () 20
20 Rib 2 (left} o5 2 80 () 30
20 Rib 3 {left) 3 () 5
20 Clavicle (left) 40
21 Scapula (left) 15
21 Humerus (left) 44
21 Clavicle (left) 10
24 Rib 1 (right) #1008 (4) 2
25 Sternum M 33
26 Rib 1 (left) 1R (4 2
I 2 Scapula (right) ®iFH (1) 3
2 Rib 5 (right) # 58 (4) 2
2 Rib 6 (right) & 6809 (43) 5
3 Scapula (right) HEH4 (4) 3
3 Rib 5 (right) #®SH# () 5
3 Rib 6 {right) = sibit () 15
3 Rib 7 (right) & 78% (#) 3
4 Rib 6 (right)  # 6l (4) 2
4 Rib 6 (left) w6 () 2
4 E5 5 5 hiie 3
4 Té 6 i HE 3
5 Scapula (left) HHE (%) g
5 Rib 5 (left) 5 (%) 5
5 Rib 6 (left) 6 ahi (f8) 15
5 Rib 7 (left) T () 3
i Scapula (left) FHH (%) 3
6 Rib 5 (left) o SR (5) Z
6 Ril 6 (left) 56 () 5
9 Scapula (right} WHE (4] 17
9 Rib 4 (right) #4304 () 15
9 Rib 5 (right) ® 5 (4) 30
q Rib 6 (right) 5 6#i# (4) 10
10 Rib 5 (right) & 58 (4 9
11 Rib 5 (right) S 58 (&) 10
11 Rib 5 (left) Famd (£ 10
11 Rib 6 (right) W6 e () 8
11 Rib 6 (left) 6 A (75) 8
11 Rib 7 (right) % 7 # (4 2
11 Rib 7 (left) & 7 B () 2
11 T4 (anterior ) # 4W9H(6E) 60
11 T4 {posterior ) o4k (A 20
11 T5 W 5 M 97
11 T& &6 BE 97

Cube

Section MNumber Part %

ik R [ERETE 0 b1 A
1 11 T T HifE 10
12 Rib 5 (left) S () 9
13 Scapula (left)  HF# (4) 17
13 Rib 4 (left) &4 (5 15
13 Rib 5 (left) W oEd () 30
13 Rib 6 (left) W GRE (5 10
15 Scapula (right) & () 5
15 Humerus (right) bW (#) &0
16 Scapula (right) M (4 5
16 Rib 2 (right) &2 () 5
16 Rib 3 (right) W oamn () 32
16 Rib 4 (right) 24 Wi () 23
16 Rib 5 (right)  ®5M# (&) 3
17 Rib 2 (right) & 2B (f5) 5
18 T4 B 4 B 10
19 Rib 2 {left) W 2 (%) 11
20 Scapula (left) HPH (%) 5
20 Rib 2 (left) W 2 E (%) 5
20 Rib 3 (left) wmamd (E) 32
20 Rib 4 (left) B4M (5 23
20 Rib 5 (left) @5 (4 3
21 Scapula (left)  FHHF (%) 5
21 Humerus (left) LR (5 60
23 Rib 3 (right) ®ame () 2
24 Rib 2 (right} 5 2y (#) 15
24 Rib 3 (right) 5 (45 8
25 Sternum Foke 27
26 Rib 2 (left) o5 24 (%) 15
26 Rib 3 (left) WA () 8
27 Rib 3 (left) WA () 2
J 2 Secapula (right) M () 2
s Rib 8 (right) B () 10
3 Scapula (right) F##H (4) 2
3 Rib 7 (right) BTE (B 22
3 Rib 8 (right) e () 20
3 Rib 9 (right) oo (4) 9
4 Rib 7 (right) € T (#) 3
4 Rib 7 (left) BT () 3
4 Rib 8 (right) WA () 3
4 Rib 8 (left) R A () 3
4 Rib 9 (right) 5O () 2
4 Rib 9 (left) &l () 2
4 T 7 Wk 5
4 T8 By B
5 Scapula (left) g {4 2
5 Rib 7 (left) BT e (%) 22
5 Rib 8 (left) W () 20
5 Rib 9 (left) w9 (%) 9
6 Scapula (left)  FH9HF (%) 2
6 Rib 8 (left) meRHE () 10
9 Rib 6 (right)  @efh# (#H) 15
9 Rib 7 (right) & 7ap (f) 30
9 Rib 8 (right}  #sm# (41 15
11 Rib 7 (right) & TEE () 3
11 Rib 7 (left) w7 () 3
11 Rib 8 (right) msm® (&) 5




TABLE % 1

Cube Cube
Section Number Part % Section MNumber Part %
HiliF R E & B @it H o 5 i

J 11 Rib 8 (left) m8Mf (%) 5 K 16 Rib 8 (right) % 8I# (#) 10
11 Rib 9 (right) % ofbir (4 6 20 Rib 6 (left) & 680 (%) 20
i1 Rib 9 (left) oMl (%) 6 20 Rib 7 (left) 780 () 25
11 T %7 85 20 Rib 8 (left) %8 mi (%) 10
11 T8 w8 92 23 Rib 5 (right) # 5B (4) 8
11 TY i 9l 15 23 Rib 6 (right) % 610# () 10
13 Rib 6 (left) 5 68r# (%) 15 24 Rib 5 (right) #5i# () 5
13 Rib 7 (left) & 7HI# (%) 30 25 Sternum B 15
13 Rib 8 (left) % 8l (%) 15 26 Rib 5 (left) % 5## (%) 5
16 Rib 4 (right) & ¢l (£) 10 27 Rib 5 (left) & 5% (%) 8
16 Rib 5 (right) = W (4) 25 27 Rib 6 (left) 1 61 (%) 10

16 Rib 6 (right) ® &b (4) 15 o
20 Rib 4 (left) & 4507 () " L 2 Rib 11 (right) S 1% () 20
20 Rib 5 (left) 5 M (%) 95 2 Rib 12 (right) %1200 (&) 15
20 Rib 6 (left) W6 () 15 g L S
23 Rib 4 (right) 488 () 10 8 Rib 12 (right) #1200% (&) 50
23 Rib 5 (right) % 5% (%) 3 4 o TR i
24 Rib 3 (right) # 3H# (£) 5 2 L o S .
24 Rib 4 (right) %% () 7 i L_1 = ”gfg s ‘4
25 Sternum R 25 3 R%b 11 dab) fllﬂﬂ'i 'r‘ 2
26 Rib 3 (left) 3808 (%) 5 g N i
26 Rib 4 (left) % 40 () 7 8 Bibitde) Sums e’ 20
21 Rib 4 (left) %488 (%) 10 : B T e o
27 Rib 5 (left) % st (%) 3 8 b8 {right) MOME (F) 20
9 Rib 10 (right) ®1084 (&) 37
K 2 Rib O (right) % 9l () 15 9 Rib 11 (right) ®uish (4 20
2 Rib 10 (right)® 108# (4) 17 11 Rib 12 (right) #12i# (6) 20
3 Rib 9 (right) # 9@ (4) 13 11 Rib 12 (left) M2 (%) 20
3 Rib 10 (right) % 10804 (%) 30 11 T11 # 1 50
3 Rib 11 (right) % 11604 (43) 20 11 Ti2 12 96
4 Rib 10 (right) & 1084 () 2 11 L1 7 1 96
4 Rib 10 (left) ®108# (%) 2 13 Rib O (left) & o (%) 20
4 T 7 ol 10 13 Rib 10 (left) @104 (%) 37
4 T10 EA0HHE 13 13 Rib 11 (left} #1LH0HE () 20
4 T1l ERNCL 4 16 Rib 7 (right) % Ti% () 5
5 Rib O (left) & 9abg () 13 16 Rib & (right) % 8H# () 15
5 Rib 10 (left) 10604 () 30 16 Rib 9 (right) molpk (&) 12
5 Rib 11 (left) % 1k (%) 20 17 Rib 7 (right) & 7THH () 2
6 Rib 9 (left) @ 9l (#) 15 19 Rib 7 (left) & 7H0# (%) 2
6 Rib 10 (left) 108 (#) 17 20 Rib 7 (left) % 7Hr# (/) 5
9 Rib 7 (right) & 78 (%) 2 20 Rib 8 (left) mamhd (%) 15
9 Rib 8 (right) & () 22 20 Rib 9 (left)  mumbir () 12
9 Rib O (right) #9808 (£) 20 24 Rib 7 (right) # 7808 (%) 3
9 Rib 10 (right) H10MH (4) 3 26 Rib 7 (left) & 780 (%) 3

11 Rib 10 (right) # 10874 (43) 8 ) - o
11 Rib 10 (left] F100H () 8 M - Bl doimehy Rl 0 o
11 Rib 11 {right) % LA () 5 4 le i 2 BB . 6
1 Rib 11 (lef) 11108 (%) 5 6 Rib 12 (!t?ft] -’i';l?.llﬂ’f'i' (%) 15
1 To ——— 75 9 Rib 11 (right) %lll!ﬁ.ﬂ' ) 15
- i . e o 10 L2 (right) & 208t (4) 2
it s " 40 11 L2 5ol 86
: EErE NI, 12 L2 (left) W 2EEHE () 2
13 Rib 7 (left) & 7004 (/) 2 13 Rib 11 (left) LA (%) 15
13 Rib 8 (left) s (/) 22 18 Rib 9 (right) % A 3
13 Rib 9 (left) 9 m 20 e Ribi0 (anhed BinA .
13 Rib 10 (left) #1080 (* 3 i L E i A
16 Rib 6 (right) #6807 ( G.‘-' 20 20 Rib 9 (left) % :Htll& ) 3

16 Rib 7 (right) # 71 (#) 25 : % =




TABLE # 1

Cube Cube
Section Number Part % Section Number Part %
TR [N # e Hl I R ERETE £
M 20 Rib10 (left) @104 (#) 3 Q 10 Pelvis (right) #4# (&) 15
N 4 L3 — i 10 Femur (right) &84 (£) 2
iz 11 Sacrum il 10
1 Loy “RegE€im 8 12 Sacrum (left) i # () 25
1 n ‘S‘ i ) 85 12 Pelvis (left) {ifzd¥ (%) 15
12 L3 (left) /ﬁ%E{ﬂE (73] 3 12 Femur (left) *BA (% 2
B ks R 8 13 Pelvis (left) 7
0 4 L4 @ 40 4 13 Femur (left) KR (%) 2
10 L4 (right) &4 (4) 2 16 Pelvis (right) a2 (1) 5
11 L4 & 40 92 16 Femur (right) &R (] 2
12 L4 (left) A BERE () 2 17 Pelvis (right) #224F (i 5
17 Femur (right) A& 2
P 3 Sacrum (right)ili % (i) 10 19 Pelvis (left) &4 (% 5
3 Pelvis (l‘ight} R () 10 19 Femur “Eft) F 2
4 Sacrum fli 10 20 Pelvis (left) a2 (4) 5
4 L5 B SBE 3 20 Femur (left) ARl (%) 2
B Sacrum (left) i # () . 10 R 8 Femur (right) K4 (£) 8
5 Pelvis (left) Ay (R 10 9 Femur (right) X () 50
9 Pelvis (right) ##4% () 8 10 Pelvis (right) #42F (%) 10
10 Sacrum (right}fll # (47 50 10 Femur (right) ki (41 7
110 Pelvis {right) #4# () 10 12 Pelvis (left)  §ra2 10
10 L5 (right)  @5EE (1) 3 o Fomur (loft) A 5
11 Sacrum il 40 13 Femur (left) M ] 50
kL e # SImM 91 . 14 Femur (left) AR (%) 8
= Sacnm Lef) W Rl o1} 17 Pelvis (right) 5 (1) 8
12 Pelvis (left) ikt 10 17 Femur (right) <84 (4) 7
13 L5 (lett) # SHEAE (%2} 3 18 Pelvis (right) #82 () 3
T L > 18 Pebis(left) A8 (%) 3
16 Pelvis (right) #8214 (§) T 19 Pelvis (left) H# () 8
20 Pelvis (left) ##&24F (4 T 19 Femur (left) KR4 (%) 7
; . i —
© Lt mmemmew S
, 10 Pelvis (right) 454 (&) 5
A e o 3 12 Pelvis (left) #488 (%) 5
5 Sacrum (left) il # (%) 15 13 Femur (left) A (/) 20
5 i = e " 17 Pelvis (right) # (1) 9
9 Pelvis (right) i () 7 18 Pelvis (right) #428 (4] 2
9 Femur (right) KB () 2 18 Pelvis (left) 424 (%) 2
10 Sacrum (right) il 4 {$) 25 19 Pelvis “Eft) B () )

TABLE 2 DISTRIBUTION OF ACTIVE BONE MARROW IN THE ADULT

#2 WMAMIBRIFTBEHO S
. W AT Fraction Red Red Marrow Total
?E';e Marrow \:\ielght Marrow Age 40 Weight Age 40 Red Marrow
=i RUORR  waorehstl  OEOFEERE  BAEE
Head i 136.6¢g 13.1%
Cranium S35 165.8 ¢ 0.75 124.3g
Mandible T3 16.4 0.75 12.3
Upper limb girdle EI%3 B6.7 8.3
2 humerus, head and neck L, SRS & 2 o 26.5 0.75 20.0
2 scapulae FHHPF 67.4 0.75 50.5
2 clavicles 8 % 21.6 0.75 16.2




TABLE # 2

Fraction Red Red Marrow Total
Marrow Age 40 Weight Age 40 Red Marrow
A0 m AR A0 o A I TR LA

Site Marrow Weight
EIR0s i R

Sternum Ha7 39.0g 0.6 23.4 ¢ 2.3%
Ribs N 82.6 7.9
1 pair # 10.2 0.4 4.1
2 12.6 0.4 5.0
3 16.0 0.4 6.4
4 18.6 0.4 7.4
5 23.8 0.4 9.5
6 23.6 0.4 9.4
T 25.0 0.4 10.0
8 24.0 0.4 9.6
9 21.2 0.4 8.5
10 16.0 0.4 6.4
11 11.2 0.4 4.5
12 4.6 0.4 1.8
Vertebrae {cervical) 7 840 (5#) 35.8 3.4
1 6.6 0.75 5.0
2 8.4 0.75 6.3
3 . 5.4 0.75 4.1
4 ’ 5.7 0.75 4.3
5 5.8 0.75 4.4
] 7.0 0.75 5.3
7 8.5 0.75 6.4
Vertebrae (thoracic) #HES (Bl 147.9 141
1 10.8 0.75 8.1
2 11.7 0.75 B.8
3 11.4 0.75 8.5
4 12.2 0.75 9.1
5 13.4 0.75 10.1
6 15.3 0.75 11.5
i 16.1 0.75 12:1
8 18.5 0.75 13.9
9 19.7 0.75 14.8
10 21.2 0.75 15.9
11 21.7 0.75 16.3
12 25.0 0.75 18.8
Vertebrae (lumbar) 78645 (384 114.1 10.9
1 27.8 0.75 20.8
2 29.1 0.75 21.8
3 31.8 0.75 23.8
4 32.1 0.75 24.1
5 31.4 0.75 23.6
Sacrum fil % 194.0 0.75 145.6  13.9
Lower limb girdle FRH 273.0  26.1
2 os coxae W 310.6 0.75 233.0
2 femoral head and neck REFIMH & L 53.0 0.75 40.0
Total i 1497.7 1045.7 100.0

From Eliis, 196110
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TABLE 3 DISTRIBUTION OF ACTIVE BONE MARROW (GRAMS)

23

FEMO N ( g)

Cube 4— Craniad $oFHi Transverse Sections Hilf& Caudad FH~ —> Total

228" p ® F @& H 1 I & B M W0 a0 preoaeae s H
I*
2 1,10 0.9% 1,18 0,59 0.14 4.00
3 249  1.24 0.76  1.86 295 1.96 0,90 14.41 7.63 34.20
4 4.97 6.22 0.83 2.48 4.32 256 1.31 0.95 0.96 978 36.19 70.55
5 2.49 1.24 0.76 1.86 2,95 1.96 0.90 14.41  7.63 34.20
6 1,10 0,99 1,18 059 0.14 4.00
7
] 2.53 1.60 4.13
9 3.83 6.71 2,93 2.11 248 0.34 9.32 8.56 10.00 4.00 50.28
10 2.49 870 497 249 3.32  0.43 0.44 071 0.48 26.16 2477 13.05 5.83 93.82
11 4.97  2.49 3.01 200 12.17 31.37 26.60 32.19 46.52 18.75 20.23 22.17 58.32 9.05 289.90
12 2.49 B.70 497 249 3.32 0.43 0.44 0.71 0.48 26.16 24.77 13.05 5.83 93.82
13 3.83 6.71 293 2.11 248 0.34 9.32 B8.56 10.00 4.00 50.28
14 2.63 1.60 4,13
15 8.60 7.26 15.86
16 9.20 3.38 2.27 2,67 1.48 0.23 8.16 6.23 33.62
17 2.49 4.97 2.49 3.50 5.15 0.13 0,10 6.23 10.72 233 38.11
18 4.97 2,49 13.78 19.17 1852 0.91 - 0.87 1.19 7.00 4.66 73.56
19 2.49 4.97 2.49 3.50 5.15 .13 0.10 6.23 10.72 2.33 38.11
20 9,20 3.38 227 267 148 0.23 8.16 6,23 33.62
21 8.60 7.26 15.86
22*

23 .06 0.51 0.85 1.42
24 1.24 4.97 1.24 332 0.74 0.04 062 042 024 0,15 12.98
25 249 497 249 123 1.23 170 6.32 5.85 3.51 35.79
26 1.24 4,97 1.24 332 074 004 062 042 0.24 0.15 12.98
27 0.06 .51 0.85 1.42
28%

Total it 24.87 54.69 31.08 36.64 23.88 105.25 82.53 55.07 58.04 60.48 23.23 23.79 24,00 18420 152.08 77.74 28.98

Grand Total &t 1046.64

* Mo active bone marrow a6 @R % L
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