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Estimation of Bone Marrow Dose from Radiography of X-Ray Examinations

Tadashi Hashizume, Yoshio Kato, Takashi Maruyama, Akihiro Shiragai
Physics Division, National Institute of Radiological Sciences

Shizuo Maruyama, Masaomi Takizawa
Roentgen Center, Shinshu University Hospital

As one of the estimations of the population dose in Japan, the absorbed dose produced
in active bone marrow by radiography of x-ray examinations was measured in realistic

human phantorms.

The bone marrow dose and the bone marrow significant dose were 5.0 m-rad/y and
4.5 m-rad/y respectively. In comparison with the doses for rontgenotherapy, these doses
were 1.1 per cent and 2.8 per cent respectively, and these doses were considerably small
in comparison with the doses for fluoroscopy and photoroentgenography which are being

estimated in our laboratory successively.
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Table 1. Active bone marrow distribution
of the adult in Japan®

Site hAﬂctive Bone Number |
arrow wt. (g)| of Glasses
Skull 55.62 (62.0) 3
Mandible 1.83 ( 6.2)
Cervical vertebrae | 22.24 (25.1) 1
Clavicles 6.57 ( 8.1)
Scapulae 16.73 (25.3) 6
Ribs 104. 46 (58.0)
Humerus 27.92 (10.0) 1
Sternum 20. 58 (16.7) 1
Thoracic vertebrae| 101.00 (104.0) 4
Lumbal vertebrae | 85.75 (80.0) 4
Iliac bone 170.17 (163.5) 9
Sacral vertebrae 65.78 (103.0) 3
Femur 87.06 (20.0) 4
Total 766. 54 (681.9) 36

3 FHOE MERBERCENEROR
A 78S (active bone marrow) D&
EVEEZ LN, 2ok LTI, BROME
EEAVBEZ LICLED (1), Z0RT ()
A DfEx Ellis® 0487 freagiogi: imsEn
ko 7B REESE 2 #0048 7= active bone ma-

HARE IO R F 28 #2448 %95

rrow DRTHE O 72 H 2L L7 UWFLUTFo
active bone marrow OEIZBEICT ZHRN
RRDOT —GEE I BFT 5 E L. AL
active bone marrow @ & ¥ 0 ~2F T3 A
D10/50, 3~ 7 F T1x20/50, 8 ~14zF Tix 36/50
ThHEE LT

4 WBiEkFHE zoRE  BEHCIBSRB
BT CHIE & iz Victoreen, Model 570, # 326
(10r JB) CHIE L7-4857 7 A 5kE T # vz &8
JEH T AUTiE & X 8 x4.5mo % D F fivs, active
bone marrow #9320 €z 1 {0 M4 B
ED T L7 (E103FE).
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Fig. 1 Estimation of average dimensions of
bone lamellae.
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Table 2. Mean excess dose and dimensions
of lamellae and marrow spaces

Width of | Dimension ggf“ﬁo%ﬁc'

Bone of Marrow

Lamellae | Space @ |
Lumbal ! N /| 2.19
vertebrae| 128%374 | 606834 | 8.695 (2. 2%?
Sternum | 126454 | 8263 135 | 6.4 |2k
Iliac bone 110441 6014 70 | 8.6 | 3.0
Ribs 375+ 265 4494- 265 (10.2 | 3.3
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Fig. 2 Excess marrow dose at photon energy of
50 keV.

photon energy Ti#52~53Kev ¢ 3. WBED
ek effective 50Kev DI Fzow, = s
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BROBRZEENIZ L 2OML B, 725
LICRUWE L T % % BPRUEE X 1004 2
5 900p THBR, -5 OEAR X FOFHANT
SHETEZRDELTEHRLCHS. ZOREFHE
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Table 3. Survival ratio for 20 years

Lik
Age
Male Female

0—14 0.99 0.99
15—19 0.98 0.99
20—24 0.98 0.98
25—29 0.97 0.98
30—34 0.97 0.98
35—39 0.94 0. 96
40—44 0.92 0.95
45—49 0.88 0.92
50—54 0.81 0.88
55—59 0.72 0. 64(=55)
60—64 0. 60

=65 0. 40

N OECIEEEED) oFd Av, N 2iziE
Fa3vaEpeE A A AT A O B AN OSFESEIIA
mE - J: IAVAR

8) M HE FMEEZMFIELIENEEER
B EHEE OB - - BRI N aEA05 01 I 2R
=9 AR, BRI SREEC50E -5 oHE T

HAREZ SRS SR B8 $9F

Table 4. Absorbed dose for chest examination
of adult males under various exposure

conditions
Exposure Bone Marrow
Condition Integral Dose Percent
43 cases 3.3 g-rad 100
Arithmetical
mean value 8.5 106
Three zones 3.4 101
=
J S (KV)%/N 4.0 115
{=1

B DOEFHERP s DT, S0ED RO TS
{ETHERATEED E 30 E 5 nfRAEN LR ABTF
D 4 DR DTz, WEREOWEL D
¥ OLEREOHEOFRERLRTRT. 2
DETHE 2 713 phantom Z43EOE&EiED T2
XARe U L7854, 3T EE, mAs, |
55, FF DOZKMEY FhZnElFs L4
WREO T A, BATRENT 2 AE S OMEC3
FATRBILZh b OO FEEOEMHFIRE>12
&, FEs5AEBEEOAREE AT B
PHEZRT. ZOENSHELMRML, 43EF
NENE ST TR L7z b 0 LEMFBOR
TR L7 DRV ERLNDDT, il
D4 TOREEHEITWTYH, FhZThERRTE
H L 7289500 D RN RO TN TER Y B 2
232 kL. ZhbhOREREE S EoM
{TH5.

ERER

KEAE 1 R O P EHEROREE 6 ED
M ootz 2 OEIEEAL ORI
W CAER D BRI IRE 2Rk B LT RO <
794 3T B EE 2.2X108 gradly, &4
PP 3\ BRI 1.6%x108 gradfy & 7207 I
EEAERoBRIEIROM 2 Y, T
Zh 1.9%x10% g-radfy & 1.5x10% grad/y &7z
oz 721 A Y ORISR L LV IFRE
BoREFhNFh 3.8 gradfly & 3.4 g-rad/y
Wiote.

z =B

1) b oREIXISEECE T 3 mEREC
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Table 5-1 Mean exposure conditions (Children, 3-7 years old)
Site of Ra- Male Female
| diography [Tube | mas [ F.F.D.| pilter | Diaphra-[Pube | wuas | F.F.D.| Filter | Diaphra-
: kVp cm mm cm cm kVp cm mm cm cm
- 1 55.5 50 | 93.3 | 0.88 |5.5% 4.9 63.5 55 | 96.3 | 0.77 |4.6% 4.8
2 49.0 20 | 93.0 | 0.71 | 4.9% 4.4 50.3 13 | 96.5 | 0.74 | 4.9% 4.9
3 53.5 13 | 99.3 | 0.88 |4.6x 5.0 56.0 24 | 109.0 | 0.73 | 4.6% 3.9
1 55.0 18 |172.7 | 0.80 |4.7x 5.0 55.2 23 | 180.0 | 0.78 | 4.0% 5.7
5 60.7 44 | 73.6 | 0.94 |6.5% 6.5 65.1 27 | 89.2 | 0.50 | 7.3% 7.4
7 59.0 34 |100.0 | 1.20 |4.4% 4.8 55.5 24 | 82.5 | 1.50 |3.6x 8.7
8 57.4 21 | 65.8 | 0.69 |3.6x 3.7 73.0 26 | 65.0 | 0.50 | 4.2% 4.6
| 9 58.8 63 | 91.0 | 0.67 |°iamy| 570 68 | 96.6 | 1.00 |4.9% 5.3
10 563 | 103 | 97.1 | 0.67 | 3.8x 4.9 59.8 65 | 100.0 | 0.60 |6.0% 6.0
1 43.0 | 270 |120.0 | 0.50 5;:giam_) 58.5 75 | 125.0 | 0.75 7-03ﬁm_)
12 s6.7 | 33 | 94.2 | 0.95 [5.7x 5.6 544 | 30 | 9.0 | 0.50 | 6%
13 65.4 46 | 8.3 | 0.73 |8.0x5.4 — | — | — | — | ——
|18 s5.4 | 24| 95.0 | o7 |34 | 544 | 28 | 95.8 | 0.85 |5.4% 5.4
| 19 55.0 95 | 100.0 | 0.50 | 2.4x 2.4 52.5 73 | 100.0 | 0.75 | 2.7 3.2
20 495 28 | 91.7 | 0.77 |5.0x 5.0, 51.0 17 | 96.6 | 0.76 | 4.3% 4.6
21 s6.6 | 12 | 3.0 | 090 |33 S1e00 | 17| 268 | 050 |43,
Table 5-2 Mean exposure conditions (adult, 15 years old)
%itg_ of Male Female mAs
adiog- - -
raphy g(ﬁ‘g:ge[ mAs | F.F.D | Filter g’;l’h“" {fg;‘g:ge mAs | F.F.D. | Filter é’;f‘l’h‘“a' .k
kVp cm mm cn co cm mm cm o cm
1 66.0 66 | 97.5 | 0.81 [3.2x 4.9 65.2 80 | 99.1 | 0.85 |2.6x 4.7 170
2 | 51.0 34 | 93.2 | 0.76 |4.5% 5.4 50.4 34 | 79.1 | 0.78 |4.8% 4.8 20
3 | 60.8 64 | 109.0 | 0.74 |3.9% 4.9 62.9 51 | 113.9 | 0.74 | 8.4x 4.6 30
4 | 66.2 31 | 147.2 | 0.94 |3.1x 4.7 6.6 | 30 |152.2 | 0.98 | 2.9x 4.8 12
5 | 81.0 32 | 72.0 | 0.9 |5.7x 6.3 73.1 42 | 65.5 | 0.80 |6.1x 6.3 30
6 1.2 69 | 88.2 | 0.85 |4.4% 5.2 64.7 60 | 70.6 | 0.83 |4.5% 4.5 30
I 65.4 97 | 99.3 | 0.74 |4.2x 5.2 66.1 89 | 99.5 | 0.92 |4.7x 5.4 100
I8 | 76.2 3 | 73.9 | 0.75 |5.5% 6.2 71.4 33 | 64.5 | 0.88 |6.2% 6.3 35
9 | 69.2 | 132 | 97.2 | 0.81 |4.4% 5.5 63.5 | 138 | 97.9 | 0.83 |4.4x 5.5 70
|10 | 669 | 148 | 97.4 | 0.89 |4.4x 5.9 67.3 | 152 | 98.3 | 0.76 | 4.2x 5.1 100
11 | 70.0 | 121 | 96.9 | 0.92 |4.4x 5.9 69.6 | 164 | 96.7 | 0.73 | 4.4x 5.2 100
12 65.6 | 111 | 65.6 | 0.89 | 4.4% 6.8 67.6 95 | 98.3 | 0.91 [4.4% 5.7 100
13 65.6 9% | 101.0 | 0.77 | 4.1 5.0, 65.3 83 | 96.9 | 0.72 |5.5% 6.8 80
14 | 67.0 | 115 | 96.1 | 0.81 |3.5x 5.2 69.2 8 | 83.4 | 0.82 |4.8x 5.7 70
15 | — | — | — | == |T=——"|"83.8 | 185 |100.0 | 0.97 [4.5x 6.0, 100
T = == = ===m kT F 73 | 92.7 | 0.79 |4.4x 6.7 70
1w | == — | — | == | =——= | 73.1 | 135 |103.5 | 0.77 | 4.7x 5.7 100
T 18 | 61.1 8 | 96.9 | 0.86 |4.4x 5.4 65.3 85 |103.1 | 0.83 | 4.3x 5.5 100
™19 | s6.5 34 | 94.9 | 0.81 |4.9% 5.8 57.8 52 | 117.6 | 0.86 |5.0x 4.7 20
20 | 53.9 36 | 93.4 | 0.82 |4.5% 5.5 51.0 28 | 92.0 | 0.76 | 4.5% 5.5 15
| 21 | s8.9 2 | 20.0 | 0.7 | a3 | 9.2 25 | 31.8 | 0.63 | giary | %0
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Table 6. Bone marrow dose
Integral Bone Marrow Dose (g-rad)
Site of Radiography Adult (>15years old) | Children (3-7Tyears old)
Male Female Male Female
1. Skull, Cervical Spine, Maxilla, -
Mandibula 17.8 17.5 11.4 0.35
2. Shoulder, Arm, Hand 1.3 1.5 0.24 0.21
3. Thorax (Ribs, Sternum, Clavicle) 19.8 17.6 0.24 0. 46
4, Chest (Lung, Heart, Apex, : - -
Bronchus) 3.3 3.4 0.35 0. 52
5. Esophagus, Stomach, Duodenum 40.4 48.2 4.3 5.3
6. Gall-bladder 21.4 19.2 — e
7. Abdomen 7.0 8.1 0. 50 0.45
8. Small Intestine, Colon (Barium
enema) 8.1 ol 0.16 0.95
9, Dorsal Spine 28.6 23.4 18T 1.8
10. Lumbar Spine 10.3 12.3 1.1 1.9
11, Lumbosacral Region dgn 11.1 3.6 3.2
12, Pelvis, Hip 6.9 6.9 0.43 0.25
13. Urography (Descending/
Intravenous Pyelography 11.2 12.2 0.75 0.80
14, Bladder, Urethra 9.3 117 —— —_—
15, Pelvimetry — 43.5 —— S
16. Hysterosalpingography — 43.7 — —
17. Obstetrical Abdomen —— 115.1 S S
18, Hip Joint, Head and Upper .
Pasc ot ‘Beriis 20.3 18.0 2.10 3.60
19. Lower 2/, of Femur 3.4 3.8 0.51 0. 52
20. Lower leg and Foot 0.4 1.3 0.10 0.10
21, Dental 4.6 4.2 0.13 0.12
Table 7. ZENjd;. (mega-rad) Table 8 3Nj.Ljdy (mega-rad)
ik Jke
Site of 2Njdye | Site of Ny Site of | NjLudy | Site of | ZNjLydy
Radiogr- Fom Radiogr- T Sadiogr- Fem Radiogr- Tem
aghy Male | - " | aphy Male | ;10 aphy Male | [, 71" | aphy Male | *°
1 15.4| 9.0 12 0.8 0.7 1 13.8 | 8.3 12 0.7 0.7
2 1.8 0.7 13 3.8 2.7 2 1.7| 0.6 13 3.00 2.5
3 6.2 1.9 14 1.1 0.3 3 & 1.7 14 0.9, 0.3
4 26.7 | 16.6 15 -— 0.6 4 23.8 | 15.0 15 — 0.6
5 120.4 | 86.1 16 -—/ 3.5 5 104.1 | 75.5 16 —- 3.5
6 7.3| 5.5 17 -— 11.2 6 6.2 4.9 17 — 10.9
7 0.7 0.8 18 3.9 1.8 7 0.6 | 0.7 18 3.2 1.6
8 1.8 1.4 19 0.4 0.1 8 1.5 1.3 19 0.3 0.1
9 6.4 4.9 20 0.7 0.9 9 5.2 4.5 20 0.6/ 0.8
10 6.8 3.8 21 0.6 0.3 10 6.2 | 3.4 21 0.6/ 0.3
11 3.6 | 1.6 | Total 207.9] 154.0| 11 3.2 1.5 | Total 184.0] 139.4|
207.9x10° ! 184.0x 10°
= e = 4 = ' D = — = g -1"
D“‘ 95.2% 10° 2.17 g radh"ear’ sam 95.2 % 10° 1.93 g tad,l'year,
_ 154.0x10°  _ ) _ 189.4x10° _ -
D; = B oxI0r 1.62 g-rad/year, D,,¢ 55 o< = 1.46 g-rad/year,

D = Dy + Dy = 3.79 g-rad/year D; = Dy + D¢ = 3.40 g-rod/year
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EOoTBN, IhPBEORKETRDBELY
DEICRBEPHERTHL D, TBE, 740
F—L FFD. #Hji &L FCIZL, 740aeH
AR E LD DN L7 SE R mAs 23kp
THT: (35 —2FK128)). ZofEZHOT1I AY
D OBRERSEE L AFEMOBE L RDB L, #
nZn 2.8 grad/yr 2.5grad/y 1272 %, 354F
ED mAs kB TESEOEMRES I Lo
TUT LMD L T eoix 7 4 A 2 BEER T
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FhEh 343 gradly & 120 gradfy & 20T
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ETRTIEIE active bone onarrow o5 Dl
EREDEIEOTHECERHEB L, 724
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72 L Wik RS2 5 72 B &0 active
bone marrow DO4LETHB.

ZOFER, FEEE 12 B ©2.85m rad, &¢
2.13m rad, #3F4.98m rad : 7%V, 3I7-85
BHESEIZE ¢2.54m rad, £ 71.93m rad, &
F14.47m rad k71 %7:.

6) LIEofEE» L FET %2, ORBEEC
LBINLDEIEEREIL VDL Y AEL
25 LBbhs. QBRI L 3BEIHY AT -
ZERTFREINGET Lo T3 —iFE o ERE R
bhd. foTD, QoW UIEICHRE I EH4
TAUERDBDTHTERY T > DT3.
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