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Medical Exposures Based on the Survey of
the X-ray Technical Conditions and
the Proposal of Guidance Level

Takehiko Mori," Hiroe Muto,? Hitoshi Sato,”
and Mitsuaki Hasegawa®

The purpose of this work was to propose guidance levels
of entrance surface doses for radiographic examinations of
Japanese patients based on a nationwide survey. Question-
naires asking about the technical conditions of radiography
were sent to 2,000 hospitals in Japan. The entrance doses
(1st quartile, median, 3rd quartile, and mean) were calcu-
lated by the Numerical Dose Determination (NDD) method
described in this paper and by using the conditions reported
in the questionnaires.

Our results for all types of examinations showed that the
median was lower than the mean, whereas the median was
higher than the mean in the results reported in the British
NRPB 21. The median of our results was lower than that in
the NRPB in England (Present work/NRPE in England = 0.27
~0.74). We propose guidance levels of entrance surface doses
for examinations carried out in Japanese institutions as the
3rd quartile of the dose distributions. The present proposed
levels are lower than those described by IAEA. The calcu-
lated entrance surface doses exceeded the guidance levels
set by IAEA in less than 10% of the institutions surveyed.
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Table 1 Values of NDD - M(f)as the calculation factor for NDD + M[V.1.06]
(a) NDD - M (f) :Inverter

AL KV 40 50 60 70 &80 90 100 110 120 130 140 150
1.5 0.0249 0.0414 0.0593 0.0782 0.0994 0.1203 0.1416 0.1626 0.1827 0.2007 0.2141 0.2197
2.0 0.0173 0.0308 0.0460 0.0626 0.0818 0.1010 0.1209 0.1409 0.1603 0.1782 0.1922 0.1993
25 0.0128 0.0240 0.0372 0.0520 0.0694 0.0872 0.1058 0.1247 0.1434 0.1608 0.1750 0.1830
3.0 0.0097 0.0193 0.0310 0.0442 0.0602 0.0766 0.0940 0.1119 0.1298 0.1467 0.1609 0.1695
3.5 0.0076 0.0159 0.0262 0.0382 0.0530 0.0682 0.0845 0.1014 0.1185 0.1349 0.1489 0.1580
4.0 0.0061 0.0133 0.0225 0.0335 0.0471 0.0614 0.0766 0.0927 0.1090 0.1248 0.1386 0.1478
4.5 0.0050 0.0112 0.0196 0.0296 0.0423 0.0556 0.0700 0.0852 0.1008 0.1160 0.1294 0.1388
5.0 0.0041 0.009¢ 0.0172 0.0295 0.0382 0.0507 0.0643 0.0787 0.0935 0.1083 0.1213 0.1308
55 0.0034 0.0083 0.0152 0.0237 0.0348 0.04865 0.0593 0.0730 0.0872 0.1013 0.1141 0.1235
6.0 0.0028 0.0072 0.0136 0.0214 0.0318 0.0428 0.0550 0.0580 0.0816 0.0951 0.1076 0.1169
6.5 0.0023 0.0063 0.0121 0.0194 0.0292 0.0395 0.0510 0.0634 0.0765 0.0835 0.1016 0.1107
7.0 0.0020 0.0056 0.0109 0.0177 0.0269 0.0366 0.0476 D.0594 0.0718 0.0844 0.0962 0.1052
7.5 0.0017 0.0050 0.0088 0.0162 0.0248 0.0341 0.0445 D.0558 0.0677 0.0798 0.0911 0.1000
8.0 0.0014 0.0044 0.0089 0.0148 0.0230 0.0318 0.0417 0.0524 0.0638 0.0755 0.0865 0.0952
8.5 0.0013 0.0039 0.0081 0.0136 0.0213 0.0297 0.0391 0.0494 0.0603 0.0716 0.0822 0.0907
9.0 0.0010 0.0035 0.0074 0.0126 0.0199 0.0278 0.0367 0.0466 0.0571 0.0679 0.0782 0.0866

(b) NDD * M (f) : Three phase

AL kV 40 50 60 70 80 20 100 110 120 130 140 150
1.5 0.0245 0.0406 0.0580 0.0764 0.0970 0.1174 0.1383 0.1587 0.1784 0.1967 0.2103 0.2175
2.0 0.0170 0.0302 0.0450 0.0610 0.0798 0.0986 0.1180 0.1373 0.1565 0.1745 0.1886 0.1970
2.5 0.0125 0.0235 0.0363 0.0506 0.0677 0.0849 0.1031 0.1214 0.1397 0.1572 01714 0.1807
3.0 0.0096 0.0189 0.0302 0.0430 0.0586 0.0746 0.0916 0.1088 0.1263 0.1434 0.1575 0.1672
3.5 0.0075 0.0156 0.0256 0.0372 0.0515 0.0664 0.0823 0.0986 0.1154 0.1317 0.1457 0.1557
4.0 0.0059 0.0130 0.0220 0.0326 0.0458 0.0597 0.0746 0.0900 0.1060 0.1218 0.1354 0.1455
4.5 0.0048 0.0110 0.0191 0.0288 0.0411 0.0540 0.0681 0.0828 0.0979 0.1131 0.1264 0.1366
5.0 0.0039 0.0094 0.0168 0.0257 0.0372 0.0493 0.0625 0.0764 0.0909 0.1056 0.1185 0.1286
5.5 0.0033 0.0081 0.0148 0.0230 0.0338 0.0451 0.0577 0.0709 0.0847 0.0988 0.1113 0.1213
6.0 0.0027 0.0071 0.0132 0.0208 0.0309 0.0415 0.0534 0.0659 0.0792 0.0927 0.1048 0.1147
6.5 0.0023 0.0062 0.0118 0.0189 0.0283 0.0384 0.0496 0.0615 0.0742 0.0872 0.0990 0.1088
7.0 0.0019 0.0055 0.0106 0.0172 0.0261 0.0355 0.0462 0.0576 0.0697 0.0822 0.0936 0.1032
7.5 0.0017 0.0048 0.0096 0.0157 0.0241 0.0330 0.0432 0.0540 0.0656 0.0777 0.0887 0.0981
8.0 0.0014 0.0043 0.0087 0.0144 0.0223 0.0303 0.0404 0.0508 0.0619 0.0735 0.0842 0.0933
8.5 0.0012 0.0038 0.0079 0.0132 0.0207 0.0288 0.0379 0.0478 0.0585 0.0696 0.0800 0.0889
9.0 0.0010 0.0034 0.0071 0.0122 0.0193 0.0270 0.0357 0.0451 0.0554 0.0661 0.0761 0.0848

(c) NDD + M (f) :Single phase

AL kV 40 50 60 70 80 90 100 110 120 130 140 150
1.5 0.0127 0.0221 0.0329 0.0446 0.0577 0.0709 0.0848 0.0993 0.1137 0.1280 0.1412 0.1526
2.0 0.0085 0.0160 0.0247 0.0347 0.0462 0.0579 0.0705 0.0838 0.0971 0.1106 0.1234 0.1345
2.5 0.0061 0.0121 0.0196 0.0281 0.0383 0.0489 0.0604 0.0727 0.0851 0.0978 0.1100 0.1208
3.0 0.0045 0.0095 0.0159 0.0234 0.0326 0.0423 0.0528 0.0642 0.0758 0.0878 0.0994 0.1099
35 0.0034 0.0077 0.0133 0.0200 0.0282 0.0371 0.0468 0.0574 0.0682 0.0797 0.0007 0.1008
4.0 0.0027 0.0063 0.0112 0.0173 0.0247 0.0329 0.0419 0.0518 0.0620 0.0728 0.0833 0.0932
4.5 0.0021 0.0053 0.0096 0.0151 0.0219 0.0294 0.0379 0.0471 0.0567 0.0669 0.0770 0.0864
5.0 0.0017 0.0044 0.0083 0.0133 0.0197 0.0266 0.0344 0.0431 0.0522 0.0619 0.0715 0.0806
5.5 0.0014 0.0038 0.0073 0.0118 0.0177 0.0241 0.0315 0.0397 0.0482 0.0575 0.0667 0.0754
6.0 0.0012 0.0032 0.0064 0.0105 0.0161 0.0220 0.0289 0.0366 0.0448 0.0535 0.0623 0.0707
6.5 0.0010 0.0028 0.0057 0.0085 0.0146 0.0203 0.0267 0.0340 0.0417 0.0500 0.0584 0.0666
7.0 0.0008 0.0024 0.0050 0.0086 0.0133 0.0186 0.0247 0.0316 0.0389 0.0469 0.0549 0.0628
7.5 0.0007 0.0021 0.0045 0.0078 0.0122 0.0172 0.0229 0.0294 0.0364 0.0441 0.0517 0.0593
8.0 0.0006 0.0018 0.0040 0.0070 0.0113 0.0159 0.0214 0.0275 0.0342 0.0415 0.0488 0.0561
8.5 0.0005 0.0017 0.0036 0.0064 0.0104 0.0148 0.0200 0.0258 0.0321 0.0391 0.0462 0.0531
9.0 0.0004 0.0015 0.0033 0.0059 0.0096 0.0138 0.0187 0.0242 0.0302 0.0369 0.0437 0.0504
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(Modify) DEHEAEEE L, DUEOBENHEDIZDDHTA T
VALNRNVERETH)ZATEERRFD12L%L 5.

NDD (Numerical Dose Determination) 5513, 8EF, £
B74NF—, FER, HCRERE, ek B (FSD),
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LT, EillfE L KB K —FT 5. €hEFig. 1 ITR
7.
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boThs.

NDDi: (Modify) DS HME & BHAMEOAHPIBItRIZ, HH
& (1P) T y=0.9926, =#i%:{# (3P) Ty=0.9738, 1 »/¥
— & 3 (inv) T y=0.9929 & 2 b, Sl & FHEEOMH
RBIMRITVIN D B X { —FH LT3,
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7z, DA SRR R A U E B & A
TLDZ T, K- /MR UEIETIT o 72268 it DY
- EERE TOENEL, NDDEIC L AETEMIE L —
KL, BEISNHA T2 A LUV (3/4E) 134 < [l —Hid
Thot:. 512, ALY AXRKEHEHMFESB4E
b ek 2 BBl L 72 10000ERE T A g b LR L
b, I{—HLTVwAE. FoOft, W 2IDEEKWELRE

THNDDEID & AEHRAME & ERME IR & —8T 5 &
DEEHDH Y, ABONDDEORHIC L 2HEEDBLEE
R L TwBEEZLND,

NDDiEA 5 A S FREFRE A 120 L TR EOER A % 1K
EL, MAHLEEIZ LY, SEFREHEIEHROR/AME, 1/44f
(25% AR RAH), 1/2M8 (HhoLfl), 3/44E (75%BREME), Bk
i, FIME+£SDERYD, HRDHA ¥ ALV EFRET
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% 7-, HAE S WENRPB22 D144, UL, 3/414E%
Wi L, HEENRPBDReference Values?! 3 X UF, TABAD 4
AFVALNNOEARDTA & v AL~V (FRSF) D i
WEt 24707z,

FLT, 128 LT, IAEADHTA ¥ AL X)L
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BAEDHTAFT > ALV (HROFE) FBLEHEOHE %
¥ 5.

BRHIUVES

D) &EREDY 7 ¥ FiRFEE25% AN, 72— M
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LT6.5%LA, 7 ¥4 — bt AE(FRME) & £ OREE
10% T, #&ICHE LT 7%, NDD#kIZ & BRHEMR2EE,
MALICIE L TI8%LATHY, P2 H20% T, O
A & B MR EREIIH20%TH 5.

2)&ET V4 — PO &, NDDEEZHWT, 1685
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Fig. 1 Correlation between measured entrance surface doses and those

calculated by the NDD method.
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Table 2 Entrance surface dose for adult patients calculated by the NDD method based on technical factors obtained from the

questionnaire
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Percentage of the medical facilities

(B) Abdomen (Supine)

Sample Size = 1,178
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25% 50% 75%

Percentage of the medical facilities

. 1st . 3rd - . 1st quartile Median: 3rd quartile
Type of radiograph quartile Median quartile Mean 8D | Minimum | Maximum (log) Mean (log) (log)
Chest (PA) 0.09 0.13 0.19 0.22+0.47 | 0.002 11.6 0.09 0.14 0.24
Chest (LAT) | 0.30 0.44 0.67 0.65+0.85 | 0.009 12.6 0.27 0.46 0.77
Abdomen (Upright) 0.94 1.50 2.36 1.98 +1.91 0.03 25.6 0.86 1.46 2.49
Abdomen (Supine) 1.31 1.95 2.85 2,44 +2.09 0.10 2.4 1.26 1.96 3.03
Lumbar Spine (AP) | 2.05 3.00 4.26 359+253 | 0.12 25.8 1.90 2.94 4.55
Lumbar Spine (LAT) | 6.90 10.5 14.7 11.4 +7.03 0.30 76.7 6.05 9.47 14.8
Lumbar Spine (OBL) 3.18 5.02 7.83 5.97 + 4.12 0.13 40.7 3.06 4.84 7.65
Lumbar Spine (LSJ) 6.13 10.9 17.2 12.8+9.06 0.02 64.0 5.47 9.66 17.1
Thoracic Spine (AP) 1.73 2.61 3.87 3.27+2.72 0.005 44.9 1.65 2.61 4.15
Thoracic Spine (LAT) 2.59 4.23 7.38 5.55 + 4.31 0.002 39.9 2.50 4.24 7.19
Pelvis (AP) 1.40 2.06 2.96 2.48 £5.05 0.003 37.3 1.29 2.01 3.15
Hip Joint (AP) 1.41 2.05 3.03 2.50 +1.98 0.005 36.8 1.30 2.03 3.18
Skull (PA) 1.41 1.94 2.71 2.28+1.42 0.001 12.9 1.28 1.93 2.90
Skull (LAT) | 0.98 1.41 1.97 1.62+1.05 | 0.001 14.1 0.94 1.38 2.03
Knee Joint (AP) 0.19 0.26 0.36 0.34+0.42 | 0.005 7.88 0.17 0.26 0.41
Hand (AP) 0.03 0.05 0.07 0.08 +0.43 0.001 14.9 0.30 0.05 0.08
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Fig. 2 Distributions of enirance surface doses of adult patients
calculated by the NDD method based on technical factors obtained
with the questionnaires.
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Table 3 Comparison of enirance surface doses in adult patients between the Dosimetry Working Parly in England and the present study

Examination Minimum 1st quartile Median 3rd quartile Maximum Mean + SD England | IAEA
Reference | Guidance
Japan |England| Japan |England| Japan |England| Japan [England Japan |England| Japan |England| value level
Chest (PA)| 0.00 | 0.03 | 0.09 | 0.13 | 0.13 | 0.18 | 0.19 | 0.26 | 11.6 | 1.43 |0.22+0.47| 0.16 0.3 0.4
Chest (LAT)| 0.01 | 0.14 | 0.30 | 0.49 | 0.44 | 099 | 067 | 1.46 | 12.6 | 106 |0.65+0.85 0.48 1.5 1.5
Abdomen (AP)| 0.10 | 0.71 | 1.31 | 469 | 1.95 | 668 | 2.85 | 10.5 | 224 | 62.4 |2.44+2.09| 5.3 10 10
Lumbar Spine (AP)| 0.11 | 0.83 | 2.05 | 5.65 | 3.00 | 7.68 | 426 | 11.2 | 258 | 59.1 |3.59+2.53| 6.1 10 10
Lumbar Spine (LAT)| 0.30 | 2.38 | 6.90 | 12.7 | 10.50 19.7 | 14.70| 30.1 | 78.7 | 108 |11.4+7.03| 11 30 30
Lumbar Spine (LSJ)| 0.02 | 7.4 | 6.1 24 10.90| 345 | 17.2 | 50.2 | 64 131 [12.8+£9.06| 24 40 40
Thoracic Spine (AP)| 0.01 | — 173 | — 261 | — 387 | — 449 | — |327+272| - - 7
Thoracic Spine (LAT)| 0.00 | — 2.6 = 423 | — 738 | — 3989 | — 555+431| — =5 20
Pelvis (AP)| 0.00 | 0.85 | 1.40 | 419 | 2.06 | 567 | 2.95 | 7.86 | 37.3 | 31.6 |2.48 +5.05 4.7 10 10
Hip Joint (AP)| 0.01 | — 141 ( — 205 | — 3.03 | — 368 | — |250+198| — o 10
Skull (PA)| 0.00 | 0.73 | 1.41 | 297 | 1.94 | 402 | 271 | 497 | 129 | 13.9 |2.08+1.42| — 5
Skull (AP)| 0.00 | 1.83 | 1.41 | 326 | 1.94 | 425 | 271 | 549 | 12.9 | 13.1 |28 +1.42 — 5 5
Skull (LAT)| 0.001| 0.36 | 0.98 | 1.42 | 1.41 | 219 | 1.97 | 285 | 14.1 | 9.09 |1.62+1.05 17 5

Table 4 Proposed guidance levels of entrance surface doses for a typical adult patient based on results of the present study

I ] Ha.ti_o of hospita\ls Guldance levels Ratio of Eog-pitals @xceeding

Siaminaion | Guderoe it (AEAY | exsadng e SO | pan rpose oy )| e oot
(%) Y (%)
Chest (PA) 0.4 8.6 0.3 16.1
Chest (LAT) 1.5 6 1 15.3
Abdomen (Upright) = = 3 18.1
Abdomen (Supine) 10 0.6 3 25.5
Lumbar Spine (AP) 10 29 5 20.6
Lumbar Spine (LAT) 30 41 15 24.4
Lumbar Spine (OEL) - — 10 14.2
Lumbar Spine (LSJ) 40 4.6 20 19.4
Thoracic Spine (AP) 7 7.6 4 26.8
Thoracic Spine (LAT) 20 2.4 10 13.6
Pelvis (AP) 10 0.8 3 27.4
Hip Joint (AP) 10 0.8 3 27.8
Skull (PA) 5 5.8 3 23.3
Skull (LAT) 3 8.6 2 25.7
Knee Joint (AP) - = 0.5 16.4
Hand (AP) = = 0.1 16.9
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