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Stochastic Risk Estimation from Medical X-ray Diagnostic Examinations
2. Risk Estimates of Individuals from X-ray Diagnosis

T. Hashizume*, T. Maruyama*, Y. Noda*, K. Twai*,
K. Nishizawa*** and Y. Tateno**
Division of Physics* and Clinical Research®*, National Institute of Radiological Sciences,
9-1, Anagawa 4-chome Chiba-shi, 260 Japan
Department of Radiology***, School of Medicine, Kyorin University, Shinkawa,
Mitaka-shi, Tokyo 181, Japan

Research Code No.: 302
Key Words: X-ray diagnosis, Risk estimate, Medical exposure

The risks of genetic, leukemia and malignant diseases from medical X-ray diagnostic examinations
were estimated using the frequency of radiographic and fluoroscopic exposures per diagnostic examina-
tion, child expectancy, leukemia and malignancy significant factors, and using a weighting factor
determined on the basis of data concerning the cancer mortality among atomic borab survivors in
Nagasaki and of a recommendation of the International Commission on Radiological Protection. The
organ or tissue doses with respect to the stochastic risks were determined with ionization chambers and
thermoluminescent dosimeters placed at the positions of the organs or tissues in a RANDO worman
phantom which was exposed to diagnostic X-rays according to technical factors of typical radiographic
and fluoroscopic examinations obtained {rom a nationwide survey,

The resultant risks by age-group and type of radiographic and fluoroscopic examination are
tabulated in terms of risk level of 10-°, In general, the total risk defined as the sum of genetic,
leukemia and malignant risks was a high value for the X-ray diagnosis of digestive organs involving

barium meal and barium enema, For example, the total risk for young age-group was 100 to 200 x 10-*
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for the X-ray diagnosis of digestive organs. The total risk from the chest radiography was lower

value as compared with the risk from the X-ray diagnosis of other organs or tissues. On the contrary,

the risk from the chest tomography was comparable to the risk from the diagnosis of digestive organs,

The total risk decreased with increasing of age for every N-ray diagnostic examination.
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Table 1 Technical factors of X-ray diagnosis (Adult male)

Radiography Fluoroscopy
Dyre ol exsciiption Tube 1:f‘(;ltag‘e Ex]fﬁsure gg;:%%l.lm Tube ;\?ltage Tube m:rrent Tni:;;e
1. Head ToET 54+26 97+t12 —
2. Cervical 646 34t14 12737 —_
3. Shoulder 606 208 100::8 664 0.7£0.4 4.7+2.9
4, Thorax 639 43+26 89:£26 .
5, Chest P-A Low 6911 157 18619
High 12011 157 193:£23 i
Lateral Low 83+3 34421 178:£47 P 0.7£0.3 | 2.9%1.8
High 120£16 16210 175:£25
6. Esophagus 79+20 174£6 87123 84410 1.0£0.4 7.313.3
7. Barium meal 8419 2248 87:£23 8410 1.1£0.4 8.313.4
8. Gall. 7619 6146 96:E17 84+11 1.2+0.4 3.9+3.1
9, Abdomen 737 5031 100zE7
10. Barium enema 9020 24+12 87:£23 8410 1.1%0.4 104
11, Dorsal spine  P-A 6914 69131 99:£8
Lateral 72+12 10265 99:£8
12, Lumbar spine P-A T1+22 83+36 99:+8
Lateral 83k12 140£65 99:£8
13. Pelvis 6817 61134 104:E17
14, Urography 71+8 6223 10417 82416 1.130.7 3.9%£2.6
15. Bladder 71x6 49423 100zE10
20, Hip joint 677 5633 105-£15
24, Angiography 8516 i7+16 10825
25, Tomography 707 45+30 99:k10
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Table 2 Gonadal doses per exposure and examination of X-ray diagnosis by type of examination (Adults)

Sex Male Female
Radiography Fluoroscopy Radiography Fluoroscopy
a-: N -1 i i " ;‘; ~
i (Ao |53 s (%], [Alal%]3]o]%].
4 = o <] = o ) =1 o o <} 5 X
il d | @8 | 5| & |&|8|gd|& |5 |& |4 g
dlalalel alagléldlalalialala | &
1, Head 3.2 0.03] 0.110.0024] 0.15] — 0.1 3.4 0.02f 0.070.0065 0.1 — 0.07
2, Cervical 3.7 0.02 0.070.012 0.12) — 0.07 3.7, 0.01] 0.04/0.0096 0.1 — 0.04
3. Shoulder 1.7] 0.01 0.02 — - S 0.02] 1.7) 0.01f 0.02 — i - 0.02
4, Thorax 2.0 0.01 0.02 — = i 0.02] 1.9) 0.08f 0.15| — - — 0.15
5. Chest 1.3 0.01] 0.01)0.012 0.9 | 0.01] 0.02 1.3 0.04] 0.050.012 5.6) 0.07| 0.12
6. Esophagus 3.1 0.02| 0.020.82 2 1.6 | 1.7 |3.0] 0.06f 0.180.85 5 4.25] 4.4
7. Barium meal [10.8| 0.5 | 5.4 0.97 5 4.9 | 10.3 |10.8| 15 (162 [1.0 200- | 200 360
8. Gall. 3.4/ 0.3| 1.0]0.51 3 1.5| 2.5|3.7 8.2|30.30.51 14 7.1 37
9, Abdomen 2.2 8 17.5 10.05 | 120 6.0 | 23.6 | 1.8 40 72 10.018 | 750 13.5| 85
10. Barium enemal 9.5/ 30 (285 [0.90 | 520 470 |755 9.9/ 98 970 0.86 (1700 (1460  [2430
11. Dorsal spine | 2.0/ 0.2 | 0.4 | — — = -— (1.9l 0.1] 0.2] — = = 0.2
12, Lumbar spine| 2.9 3 8.7 10.013 | 32 0.42] 9.1 3.0/ 54 [162 |0.011 | 530 6.4 | 168
13. Pelvis 1.5 32 48  10.019 | 200 3.8|51.8|1.6/90 |144 - i — | 144
14, Urography 3.7 3 11 (0.12 60 7.2|18.2 3.8 52° (198 0.056 | 112 6.3 | 204
15. Bladder 1.7]1150 |255 |0.04 | 240 9.6 |265 1.7] 50 85 10.05 | 760 38 123
16. Hystero. 2.2/ 95 |210 |0.60 | 430 | 290 500
17, Pelvimetry 1.7120  |204 = | = — | 204
18. Obstetric 1.1j100 |110 i — — | 110
19. Maramography 2.7 0.01] 0.03 — o o 0.03
20. Hip joint 1.4/190 (270 10.03 [1200 |36 336 |1.3/86 (112 [0.035|330 | 11.6| 124
21, Femur 2.1 30 63 o — — | 63 2.3 8 18 | 50 12 30
22. Lower leg 2.3 5 12 10.009 | 30 0.3112.312.3 4 9.2 0.23 3 0.03] 9.2
23. Myelography | 9.7 1 9.7 |0.95 11 10.5]20.2 | 5.6/ 1.2 6.7|0.01 | 113 | 107 114
24, Angiography |14 | 0.1| 1.4/0.95 5.0| 4.8| 6.2|16 | 0.5| 9.0 0.95 7 6.7 | 27
25. Tomography | 6.8 3 20 - i — 120 6.8 33 [224 e - — | 224
26. Hand 1.4 — . — = i — | 2.4 — 0.95 = . i
27. Finger 1.9 — — — — o == | 1.9 = - - i = —
28. CT (Head) |10.2| 0.06] 0.6 | — . s 0.6 |10.3] 0.06f 0.6 | — i - 0.6
29. CT (Body) [10.1| 2.4 |25 — — — |25 |10.3] 2.4 |25 - . — 25
Photofluorography
hest 1 0.06| 0.06 0.06] 1 0.21f 0.21 — — . 0.21
Stomach | 5.8/ 0.96] 5.6 |1 1.81 1.8] 7.415.8 14 31 11 25 25 106

* see Ref. 6, a) Exp./Exam. : The number of exposures per examination, b) D/Exp. : Dose in mrad per expo-
sure, ¢) D/Exam. : Dose in mrad per examination, d) Flu./Exam. : The frequency of fluoroscopies per
examination, ¢) DfFlu. : Dose in mrad per fluoroscopy, f) D/Exam. : Dose in mrad per examination, g)
Total dose sn mrad per examination.
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Table 3 Bone marrow doses per exposureand examination of X-ray diagnosis by type of examination (Adult)

Male Female
Radiography Fluoroscopy Raeiography Fluoroscopy
Type of E s | B s, Bl | |3
examination E;' Sﬁ' g ‘.F'Jt E g % @- a&- g é ?:"! g 3
sld|d | 5 | & | & | £ |&|d| &35 & 4§
3] =] a Foy = a ) 3| ] a = = =) =
1. Head 3.2 8 25.6/0.0024] 95 0.23] 26 3.4 7 24 10.0065 B3 0.54] 25
2. Cervical 3.7 4 14.80.012 25 0.3 15 3.7 4 15 [0.0096] 22 0.21] 15
3. Shoulder 1.7 2 3.4 == — — 3.4 1.7 2 3.4 — i . 3.4
4, Thorax 2.0] 22 44 . . — 44 1.9 20 38 - e - 38
5. Chest 1.3 5 6.5(0.012 | 165 2.0 &5 1.3 5 6.50.012 | 155 1.9 8.4
6. Esophagus 3.1 20 62 10.82 940 | 770 832 3.0] 20 GO 10.85 680 | 580 640
7. Barsum meal | 10.8/ 26 | 281 [0.97 550 | 534 815 | 10.8 26 | 280 |0.99 495 | 480 760
8. Gall. 3.4/ 20 68 10.51 80 | 41 109 3.7] 20 74 10.51 80| 41 115
9. Abdomen 2.2] 35 77 10.05 72| 10.3| 88 1.8 34 61 |0.018 71 1.3| 62
10. Barium enemal 9.5( 36 | 342 |0.90 | 1350 |1215  |1557 9.9 27 | 267 [(0.86 | 1190 (1023 (1290
11. Dorsal spine 2.0l 31 62 — = — 62 1.9 2. 5.5 — o — 5.5
12, Lumbar spine | 2.9) 14 40.6/0.013 | 280 3.6] 44 3.0] 14 42 |0.011 | 270 3 45
13. Pelvis 1.5 20 30 (0.019 | 320 6.1 36 1.6] 19 30 10.019| 310 6 36
14, Urography 3.7 16 59 |0.12 260 31 a0 3.8/ 16 61 [0.056 | 260 | 14.6 | 76
15. Bladder 1.7] 20 34 10.04 280 11.2] 4% 1.7 23 39 10.04 300 12 51
16. Hystero. 2.2 9 20 (0.60 410 | 246 266
17. Pelvimetry 1.7 50 85 o —r — 85
18. Obstetric. 1.1} 45 50 — — —_ 50
19. Mammography| 290 — | — =i = - s
20. Hip joint 1.4 1.3 1.80.03 350 10.5[ 12 1.3 13 16.9[0.035 | 330 | 11.6| 29
21. Femur 2.1 2 4.20.21 20 4.2 8.4 2.3 2 4.6/0.23 20 4.6 g.2
22, Lower leg 2.3 — — 10,009 | — — = 2.3 — — lo.01 — — —
23. Myelography | 9.7| 30 | 290 |0.95 210 | 196 490 5.6/ 29 | 162 [0.95 163 | 155 317
24, Angiographo | 14 |15 | 210 |0.95 | 1400 1330 |1540 |16 |14 | 550 |0.95 | 1250 |1140 |1690
25. Tomography 6.8| 10 68 | — | — — i | 6.8 9 61 - | - e 61
26. Hand Y el = i . - 24 — | — = o — .
27. Finger 1.9 — | — - — — 1.9 — | — . o - —
28. CT (Head) 10.2| 24 | 245 — — . 10.3| 24 | 247 — i — | 247
29, CT (Body) 10.1{ 39 | 394 . = - 10.3] 39 | 402 = — — | 402
Photofluorography
Chest 1 133 33 - e — o 1 |31 31 — = — 31
| Stomach 5.8/ 43 1250 11 501 80 300 5.8/ 38 1220 11 40 | 40 260

* see Ref. 6, a) Expr/Exam. : The number of exposures per examination, b) D/Exp. : Dose in mrad per expo-
sure, ¢) D/Exam. : Dose in mrad per examination, d) Flu./Exam. : The frequency of fluoroscopies per
examination, ¢) D/Flu. : Dose in mrad per fluoroscopy, f) D/Exam. : Dose in mrad per examination, g)
Total : Total dose in mrad per examination.
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Table 4 Weighting factor for calculation
of effective dose

Organ or tissue ggéigrh?%’r)
Lungs 0.2
Stomach 0.3
Large intestine 0.06
Other digestive organs 0.14
Bladder and Urinary organs 0.08
Lymphatic and hematopoetic © 0.08
Thyroids 0.02
Breasts (0.12)

Total 1.00
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Table 5 Organ or tissue dose and effective dose per exposure for typical X-ray diagnosis (in mrad)

Male Female

Radiography Eg;;ros-- ladiography fol}ggms-

Organ or tissue | Thy. | Lung ‘Stom. [ LI ‘ o.D. |Blad. | Lym. ‘EDTWT SD2Wo| Bleast |SDaWal XD Wl
[, Head i 2.8 0.02 0.02 15 [0.03] 12 | 4 5 | 08 [ 35| 54
"2, Cervical 80 | 30 0.31] 0.01] 0.2 0.02| 3 | 8 94 | 0.06| 7 90
3. Shoulder 2.2 2.7| 0.09 o0.01] 0.1| 0.01| 2 | 1 — | 0.035 1 —

5. Chest(P-A) 1 11 3.5 0.02 1.0 0.01 . 6.8 ‘

(Lateral)| 7 36 9 0.05 3 0.03 | 15 6 | 168 -—46——| 4.8 | 160

6. Esophagus 3.8 | 102 10 0.03f 0.73 0.06 | 22 | 25 660 | 0.6 | 22 580
7. Barium meal | 0.3 | 17 50 3 51 5 23 | 29 850 1.0 | 25 740
8. Gall, 0.17] 1.1| 37 6.3| 63 | 4.9 | 12 | 26 | 340 | 0.2 | 23 300
9. Abdomen 0.09 0.17 24 | 42 61 |50 19 | 23 | 470 | 0.08| 20 410
10. Barium enemal 0.04] 0.63] 19 | 150 23 140 39 | 23 680 | 0.015] 20 650
12. Lumbar spine | 0.31] 31 | 105 |105 | 54 |65 8 | 89 890 | 0.2 | 52 | 830
13. Pelvis 0.08] 0.17] 68 | 131 38 |51 10 | 37 | 560 | 0.04| 32 —
14. Urography 0.25 3.1]155 | 95 69 |33 9 | 66 | 740 | 0.18| 58 650
15. Bladder 0.13] 0.06) 2.5|175 30 |45 10 | 20 | 310 | 0.06] 18 290
20. Hip joint 0.14 0.1 10 |[110 9.6 | 49 16 | 210 | 0.03]| 14 190
24, Angiography | 11 | 40 12 0.1| 5.5| 0.04| 8 [ 13 |1064 | 3.8 | 12 | 1010
25, Tomography | 0.2 | 240 | 177 0.7| 65 | 0.3 | 40 | 113 — |520 60 | —
28. CT (Head) | 26 3.7 03| 0.17 40 0.1 | 26 | 4 | — | 3.4 | 11 —

Photofluorography ) | |

Chest 5 94 15 6.8 10 1 33 | 28 | — (45 | 31 —

Stomach | 3 | 70 | 210 10 1195 [15 | 43 (110 | 165 10 | 90 | 160 |

Thy : Thyroids, Stomach, LI : Large intestine (except for rectum), O.D. : Other digestive organs, Blad. : Bladder
and other organs in the pelvic region, Lym. : Lymphatic and hematopoeptic (except for bone marrow)
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Table 6 Effective doses per exposure and examination of X-ray diagnosis by type of examination (Adult)

Male Female

Radiography Fluoroscopy Radiography Fluorescopy

e | 8. |5 | E g, || 8
g e | @ | &= | & | §| ¢ /&)@ |3 |&|& |8
e | a a [ =~ a = £ al a 28 =) a =]
1. Head 3.2 4 | 16 [0.0024] 5| 0.14] 16.1] 3.4 | 3.5 12 [0.0065 54 | 0.35] 12
2. Cervical 3.7 8 | 30 |0.012| 94| 1.1| 31 | 3.7| 7 | 26 [0.0096 90| 0.86 27
3. Shoulder 1.7 1 2 i — — 2 1.7] 1 2 — -— — 2
4. Thorax 20034 | 68 | — | — | — b | 1.9 34 | 65 | — | — | — | 65
5. Chest 1.3 6 8 10.012 168 2.1| 10 | 1.3 4.8 6.20.012[160| 1.9| &
6. Esophagus 3.125 | 78 10.82 | 660|540 |618& | 3.0 22 | 66 [0.85 [580|490 | 556
7. Barium meal | 10.8/ 29 | 313 [0.97 | 850 | 825 |1138 |10.8 25 | 270 [0.99 | 740 | 730 (1000
8. Gall. 3.4 26 | 88 [0.51 |340 (173 |261 | 3.7|23 | 8 [0.51 | 300|153 | 238
9, Abdomen 2.2/ 23 | 51 [0.05 |470 | 24 75 | 1.8120 | 36 (0.018 [ 410 | 7.4| 43
10, Barium enema| 9.5 23 | 219 (0.90 | 680 | 610 830 9.9 20 | 200 [0.86 | 630 | 560 760
11, Dorsal spine | 2.0/44 | 8 | — | —| — | 8 | 1.9/40 | 76 | — | — | — | 76
12, Lumbar spine | 2.9/ 50 | 171 [0.013 | 890 | 12 | 183 | 3.0 | 52 | 156 0.011 | 830 | 9.1 | 165
13. Pelvis 1.5/ 37 | 56 [0.019 560 | 10.6] 67 | 1.6(32 | 51 | — | — | — | 51
14, Urography 3.7 66 [244 |0.12 |740 | 89 |332 | 3.8(58 |220 |0.056|650 36 | 256
15. Bladder 1.7/20 | 34 j0.04 |310| 12.4| 46 | 1.7|18 | 31 |0.04 |200 | 12 43
16. Hystero. 2.2(28 | 62 |0.60 |430| 258 | 320
17. Pelvimetry 17|48 | 82 | — | —| — | &
18. Obstetric 1.1|/46 | 51 | — | — | — | 51
19, Mammography 2.7 7.4 20 == — — 20
20. Hip joint 1.4/ 16 | 22 [0.03 |210| 6.3 28 | 1.3|14 | 18 [0.035|190 | 6.7 | 25
21, Femur 2.1 2 4.20.21 | 30| 6.3| 11 | 2.3| 2 4.60.23 | 30| 7 12
22, Lower leg | 2.3 0.4 0.90.009| 12| o0.11] 1 | 2.3| 0.4 0.90.01 | 12| 0.12] 1.
23, Myelography | 9.7| 56 | 543 [0.95 |1100 [1045 |1588 | 5.6 | 53 | 297 [0.95 [1050 | 998 [1300
24, Angigraphy | 14 | 13 | 182 [0.95 [1120 1064 |1246 |16 | 12 | 470 [0.95 [1010 | 960 |1430
25. Tomography | 6.8/112 | 760 | — | — | — |952 | 6.8 160 [1090 | — | — | — [1090
| 26. Hand 1.4 — === =gl === = = =
27. Finger 1.9 — _ — — 1.9 — — == — _
28. CT (Head) |10.210 | 102 | — | — 102 (10311 |13 | | —| — |13
29. CT (Body) |10.1/34 |343 | — | — | — |343 | 10.3 34 | 350 — | — [350

Photofluorography

Chest 1 |28 | 28 ( — | — | — | 28 | 1 |31 |3 | —|—1] — |3l
Stomach | 5.8]110 | 640 |1 165 | 165 | 805 | 5.8 1105 | 610 |1 160 | 160 | 770

* see Ref. 6, a) Exp./Exam. : The number of exposures per examination, b) D/Exp. : Dose in mrad per expos-
ure, c¢) D/Exam. : Dose in mrad per examination, e) Flu.,/Exam. : The frequency of fluoroscopies per
examination, e) D/Flu. : Dose in mrad per fluoroscopy, f) DfExam. : Dose in mrad per examination, g)
Total dose in mrad per examination.
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Table 7 Significant factors

67—(67)

Age Relative child expectancy égnu}‘{ggl;: factor Is\li;r:iﬁlg?;;yF actor
Male Female Male Female Male Female
0— 4 1.00 1.00 0.99 0.99 0.93 0.94
5—9 1.00 1.00 0.99 0.99 0.91 0.93
10—14 1.00 1.00 0.99 0.99 0.87 0.91
15—19 1.00 1.00 0.99 0.99 0.80 0.87
20—24 0.97 0.92 0.98 0.99 0.74 0.82
25—29 0.72 0.47 0.98 0.98 0.65 0.74
30—34 0.34 0.12 0.97 0.98 0.54 0.65
_35—39 | 0,092 0.007 0.95 0.97 0.45 0.54
40—44 0.019 0.003 0.93 0.95 | 0.34 [ 0.45
45—49 0.0045 0.0001 0.90 0.93 : 0.26 0.34
50—54 0.0015 — 0.87 0.90 0.18 | 0.26
55—59 0.0007 — 0.80 0.87 0.10 | 0.18
60—64 0.0001 — 0.69 0.80 . 0.05 0.10
65—69 — — 0.56 0.69 |  0.02 0.05
70—74 — — 0.38 0.56 0.004 0.02
75— - e 0.23 0.38 — 0.004
Table 8 Genetic risk by type of examination (10) for typical X-ray examinations of male.
T e —— | B 2 2 | 2 | 62
1. Head 10 9.7 3.4 0.2 | 0.02 =
5. Chest 1.2 152 0.4 0.02 0.002 S
7. Barium meal 1030 999 350 20 1.6 0.1
10. Barium enema 75500 | 73250 | 25670 | 1434 | 113 7
12, Lumbar spine 910 902 316 | 18 1.4 0.1
Photofluorography (Stomach) | 740 718 252 | 14 1.1 0.1
Table 9 Leukemic risk by type of examination (10°°) for typical X-ray examination of male.
| Eommi———% | 12 2 32 42 52 62
1. Head 0.52 0.51 0.50 0.48 0.45 0.36
5. Chest 0.168 0.167 0.165 0.158 0.148 0.117
7. Barium meal 16.1 16.0 15.8 15.1 14.2 11.3
10, Barium enema 30.9 30.6 30.3 29.0 27.0 21.5
12. Lumbar spine 0.88 0.86 0.85 | 0.82 0.77 0.61
Photofluorography (Stomach) | 5.9 5.8 57 | 5.6 5.2 4.1

Table 10 Malignant risk by type of examination (10"

%) for typical

K-ray examinations of male

T e | 2 2 | 52 | 62
Head 217 1.85 1.35 0.85 0.45 | 0.13
Chest 1.32 1.13 0.82 0.52 0.27 0.08
Barium meal 153 130 95 60 32 3.8
Barium enema 133 115 T 46 24 6.6
Lumbar spine 25 21 16 9.8 5.1 | 1.4
Photofluorography (Stomach) 109 93 68 43 22 | 6.3
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Table 11 Total risk from X-ray diagnosis by type of examination and age (10°*)

HAREZRERESMEE H4aE 518

H\‘ Age Male Female
t”ﬂ;;zﬁnaﬁon““~mhhm 12 [ 22 | 32 | 42 |52 |6 | 12| 22| 322|425
1. Head 2.7 24| 1.9 1.3] 0.9 0.5] 29| 2.7 2.2 1.7] 1.1] 0.7
| 2. Cervical 4.3 3.7 2.8| 1.9| 1.3| 0.4| 43| 3.9| 5.2 2.3| 1.5] 0.8
| 3. Shoulder 0.43) 0.33 0.30] 0.20] 0.13] 0.07| 0.23 0.22 0.18 0.14] 0.11] 0.07
4, Thorax 10.1| 8.7/ 6.5| 3.4| 2.8| 0.80[10.0| 9.1 | 7.3| 5.2| 3.3| 1.6
5. Chest 1.5 1.3 1.0| 0.7| 0.40 0.20, 1.6 | 1.5| 1.2| 0.8| 0.5| 0.3
6. Esophagus 100 8 |68 |48 |32 |[16.0(/95 |8 |69 |51 |a4 |19.0
7. Barium meal 169 (166 110 75 46 20 193 (176 121 5 44 28
8. Gall. 10.5| 9.3 7.3| 5.2| 3.6 2.3]39 35 26 19 12.0| 6.0
9. Abdomen 13.2 (11.6| 85| 57| 3.7| 1.8| 7.3| 6.7| 5.6 | 4.2| 2.9 1.7
10. Barium enema (239 (219 |133 76 51 28 (1375 346 (131 73 54 32
11. Dorsal spine 13.0/11.4] 8.6 5.8| 3.6 1.9111.0110.0| 7.8] 5.4| 3.2 1.3 |
12, Lumbar spine 26 22 16.0 | 10.0| 5.9 | 2.0 | 44 40 20 12 7.5] 3.3
13. Pelvis (47 |45 |19 | 49| 35| 1.3|22 |20 | 7.6| 4.3| 2.7| 1.4
14, Urography 48 41 30 20 11.0 | 3.8 |54 49 30 20 12.0| 5.3
15, Bladder 28 27 12 3.8 2.1 1.1 6.9| 6.3 5.2| 3.9( 26| 1.5
16. Hystero. 100 55 44 28 18.0 | 5.2
17. Pelvimetry 34 31 12 7.0 4.8 2.6
18. Obstetric 18.9 (17.5| 7.4 | 4.5| 3.0 1.6
19. Mammography 18.2116.4 [ 13.0| 9.0 | 5.2 2.0
20, Hip joint 44 43 16 25| 1.1 0.3817.0 | 15.0 | 4.1 | 2.7 1.5 | 0.i
21, Femus 7.11 6.81 2.7| 0.58 0.33 0.20 2.7 2.5] 0.901 0.52] 0.36] 0.22
22, Lower leg 0.3 0.2 0.1] 0.05 0.03] 0.01] 1.6] 1.4 0.60] 0.40] 0.20] 0.07
23. Myelography 187 |161  |119 78 45 16.9 [242 218 167 |117 70 30
24, Angiography 227 (198 153 80 44 3 209 191 156 116 78 44
25. Tomography 130|111 81 51 27 8.3 1139 |126 36 51 27 14.0
28. CT (Head) 20 17.8 (14.2 | 10.5| 7.4 | 4.3|18.7|17.8|15.1|11.8| 5.0 | 5.5
29, CT (Body) 58 50 38 26 16.7 | 8.2 |59 54 43 32 21 11.7
Photofluorography
Chest 4.2 3.7| 2.9| 2.0 1.3 0.7 5.1 | 4.7| 3.8| 2.8| 1.9
Stomach 105 99 74 49 27 10 113 1103 83 59 36 14
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Fig. 1 Contribution of genetic, leukemic and malignant risk to total risk by age and sex for typical X-ray
diagnosis. In this figure, G represents the genetic risk, and L and M represents the leukemic and the

malignant risk, respectively.
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