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Abstract

In diagnostic radiology, each part is examined through serial radiography in most cases of general
radiography. However, the reality is that, as for diagnostic reference level, measured values have been set up
only for AP projection of each part and lateral projection. In the clinical setting, cumulative dose is incurred by
serial radiography of patients, and this can make comparison of diagnostic reference level and cumulative
exposure dose impossible or can lead to underestimation of diagnostic reference level. In this study,
measurement of cumulative dose of serial radiography of each part revealed that when converting entrance
surface dose to effective dose in case it is included in the exposure field, cumulative dose measured from a
maximum of 38.06% to a minimum of 0.23% of individual dose limitation of the public. Also, when converting
entrance surface dose of each part that is not included in the exposure field into effective dose, it measured
from a maximum of 5% to a minimum of 0.04% of individual dose limitation of the public. Results of this study
show entrance surface dose substantially increases in serial radiography of each part. Therefore, it is deemed
that hospitals need to establish diagnostic reference level specifically, and subdivision of radiography orders for
patients is also required in order to reduce unnecessary inspections. Moreover, the need of accurate exposure
field is emphasized in case of inspection of several parts.
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(a) HARSHAW TLD-3500

(b) Whole body phantom PBU-50

(c) Multi Function TNT 12000

Fig. 1. Measurement system.
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Table 1. Percent average error of kVp

Average
Test part kVp Ko PAE(%) ms
AP 70 68.6 2 10.2
skull lat 63 66.8 1.8 10.2
towne's 75 74.5 0.7 16
AP 70 68.2 2.6 10.2
C-spine obl 76 741 2.5 10.2
lat 85 84.5 0.6 10.2
chest PA 120 115.4 3.8 2
lat 120 120.4 0.3 5
Abdomen erect 72 71.4 0.8 16
£8S supine 70 68.8 1.7 16
AP 75 74.3 0.9 16
L-spine obl 80 78.6 1.8 20.5
lat 8 85 0 2.5
selvis AP 70 69.2 1.1 16
obl 75 7.5 3.3 16
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Table 2. Inspection site-specific absorbed dose of each

Measured dose(mGy) Mean
Test part Thrice (ny) S.D
AP 0.586 0.588 0.587 0.587 0.001
skull lat 0.5499 0550 0.552  0.550 0.002
tome's  1.113 1.111 1.116 1.1138 0.003
AP 0.579 0.585 0.587 0.584 0.004
C-spine obl 0.684 0.6/9 0.67/9 0.681 0.003
lat 0.24 0.253 0.251 0.253 0.002
chest PA 0.072  0.074  0.07M1 0.072 0.002
lat 0.230 0.230 0.2%4 0.131 0.002
Abdomen  erect 1.003 1.005 1.009 1.005 0.003
E&S supine  0.984 0.952 0.9%4 0.963 0.001
AP 1.14 1.09 1.09 1.101 0.003
L-spine obl 1.616 1.619 1.608 1.614 0.006
|at 1.768 1.765 1.755 1.763 0.007
pelvis AP 0.962 0.9599 0.9%7 1.959 0.003
obl 1.109 1.026 1.024 1.053 0.049
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Table 4. Entrance surface dose measurement of the right

Table 6. Entrance surface dose measurement of the thyroid

eyeball
ESD(mGy) Mean
Test part - - S.D
Test oart ESD(mGy) Mean so thyroid-Thrice (mGy)
est par - .
eyebal | (Rt)-Thrice (mGy) skull series  0.207  0.183  0.163 0.184  0.02
skul | series 2.965 2.294  3.3713 2.877 0.545 C-spine series 2.237 1.642  3.117  2.3% 0.742
C-spine series  0.053  0.059  0.088 0.067  0.019 chest series 0.123 0.266  0.419 0.269 0.148
chest series 0.040 0.049 0.030 0.040 0.010 Abdomen E8S 0.045 0.076 0.042 0.054 0.019
Abdomen E&S 0.044  0.051 0.040 0.045 0.006 L-spine series 0.068 0.044  0.060 0.057 0.013
L-spine series 0.052 0.042 0.046 0.047 0.005 pelvis series 0.049 0.032 0.055 0.045 0.012
pelvis series 0.047 0.031 0.044 0.041 0.009

Table 4.9 4 skull series AN AT FAFOF 24%32cmoll
3 Re eyeball®] ESD7} 2.877mGy= VeSO W, *
Abopoll Z3HE A = ARl 4T Re eyeball®] ESD+=
C-spine series, chest series, abdomen E&S, L-spine series,
pelvis seriesol| Al Z}Z+ 0.067, 0.040, 0.045, 0.047,
0.041mGy 2. =A 531t}

Table 5. Entrance surface dose measurement of the left eyeball

Test part ESD(rGy) Vean S.D
eyebal | (Lt)-Thrice (mGy)
skull series 2.878 3.303 3.33 3.5 0.258
C-spine series  0.063 0.060 0.065 0.063 0.003
chest series 0.002 0.044  0.025 0.0%4 0.035
Abdomen E8S 0.035 0.068 0.039 0.047 0.018
L-spine series  0.048  0.045 0.042 0.045 0.003
pelvis series  0.040 0.030 0.053  0.041 0.012

Table 5.1 4] skull series ZAAFNA] ZAFOE 24%32emOl|
S Lt eyeball®] ESD7} 3.175mGy = WEFEO W, =
Atopol SEFFE|R] eF= FARS] A9 Lt eyeball®] ESD
C-spine series, chest series, abdomen E&S, L-spine series,
pelvis  series?l Al ZHZF 0,063, 0.054, 0.047, 0.045,
0.041mGy= 4= 3k

Table 6.014] C-spine series AAFON Al FATOF 18%24cm
of ¥3te thyroid®] ESD7} 2.332mGy= YEREOH,
ZAfofell 23 A ek AR 79 thyroid®] ESDT
skull series , chest series, abdomen E&S, L-spine seties,
sedesOll A Z4ZF 0184, 0.269, 0.054, 0.057,
0.045mGy= 7= T

pelvis

Table 7. Entrance surface dose measurement of the right breast

ESD(mGy)

Test part . (M;Gayn) S.D
breast(Rt)-Thrice
skul | series 0.072 0.060 0.047 0.062 0.013
C-spine series  0.049  0.051 0.052 0.051 0.002
chest series 0.424 0.292 0.390 0.369 0.069
Abdomen E&S 0.105 0.107  0.114  0.109  0.005
L-spine series  0.128  0.117  0.140 0.128 0.012
pelvis series 0.047 0.035 0.064 0.049 0.015

Table 7.914 chest setiesFAAFA] ZZAFOE 35%43cmoll
E3HE Re breast®] ESD7F 0.369mGy= YEIREO M, 2=
Afofel] E3HEA] = AL - Re breast®] ESD
= skull series, C-spine seties, abdomen E&S, I-spine
series, pelvis series®| A Z}Z}F 0.062, 0.051, 0.109, 0.128,
0.049mGy= =74 %] 1t
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Table 8. Entrance surface dose measurement of the left breast

Table 10. Entrance surface dose measurement of the gonad

ESD(mGy)

ESD(mGy)

Test part , T;g;) S.D Test part . (I\g) S.D
breast(Lt)-Thrice gonad-Thrice
skull series 0.073  0.040  0.041  0.051 0.019 skull series 0.036  0.087  0.041 0.038 0.003
C-spine series 0.063 0.052 0.043  0.053 0.010 C-spine series 0.088 0.078 0.029 0.065 0.032
chest series 0.429  0.307 0.421  0.3%6 0.068 chest series 0.037  0.0%  0.027 0.053 0.037
Abdomen ESS 0.110  0.147  0.110 0.122 0.021 Abdomen E&S 0.280 0.287 0.420 0.39 0.079
L-spine series 0.165 0.168  0.1774  0.169 0.005 L-spine series  0.598  0.852  0.447 0.632 0.205
pelvis series 0.043 0.034 0.093  0.057 0.032 pelvis series 5.072 4.551 4.650 4.758 0.277

Table 8.9 4] chest series7AA}ONA] ZALOF 35%43cmol|
3 Lt breast®] ESD7F 0.386mGy= WFER O W,
Aborol 23R ¢ ALY A9 Lt breast®] ESDE
skull series, C-spine series, abdomen E&S, L-spine series,
pelvis series®l Al Z}Z} 0.051, 0.053, 0.122, 0.169,

0.057mGy= Z74 %k

Table 9. Entrance surface dose measurement of the Xiphoid

ESD(mGy)

Test part - ‘ (’\fnegq) S.D
xiphoid-Thrice
skull series 0.047  0.043  0.041 0.044 0.003
C-spine series  0.080  0.127  0.088 0.098 0.025
chest series 0.268 0.200 0.217 0.228 0.03%
Abdomen E8S 0.177  0.245  0.172 0.198  0.041
L-spine series  0.146 0.193 0.196 0.178 0.028
pelvis series  0.050  0.042 0.1% 0.076 0.052

Table 9.9l 4] chest series7d Aol A ZATOF 35x43¢mol|
3234 xiphoid®] ESD7} 0.228mGy = WEFSE oW, A}
ofell EFFHA F= HAR AT xiphoid®] ESDE
skull series , c-spine seties, abdomen E&S, L-spine series,
pelvis setesoll A ZFZF 0.044, 0.098, 0.198, 0.178,
0.076mGy2 4= At

Table 10.°14] pelvis series Aol Al FA}OF 43%35cm
o 23% gonad®] ESD7} 4.758mGy= UEFEOH, X
Abopoll A = AR ¢ gonad®] ESD=
skull series , C-spine series, chest series, abdomen E&S,
L-spine series®l Al 212} 0.038, 0.065, 0.053, 0.329,
0.632mGy = =74 = Atk

3. ¥4 A9 ESD3e vl
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(& T &2
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Fig. 2. Comparison of entrance surface dose.
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