J. Korea Asso. Radiat. Prot. E'
Vol. 28 No. 1 @ 35~42(2003) R X8

Investigation of organ dose difference of age phantoms
for medical X-ray examinations
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Abstract - Methodology for calculating the organ equivalent doses and the effective
doses of pediatric and adult patients undergoing medical X-ray examinations were
established. The MIRD-type mathematical phantoms of 4 age groups were
constructed with addition of the esophagus to the same phantoms. Two typical
examination procedures, chest PA and abdomen AP, were simulated for the
pediatric patients as well as the adult as illustrative . examples. The results
confirmed that patients pick up approximate 0.03 mSv of effective dose from a
single chest PA examination, and 0.4 to 1.7 mSv from an abdomen AP examination
depending on the ages. For dose calculations where irradiation is made with a
limited field, the details of the position, size and shape of the organs and the organ
depth from the entrance surface considerably affect the resulting doses. Therefore,
it is important to optimize radiation protection by control of X-ray properties and
beam examination field. The calculation result, provided in this study, can be used
to implement optimization for medical radiation protection.
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Fig. 1. Cross sectional images of the four phantoms cut by xz plane(rendered by MCNP4B).
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Table 1. Masses and heights of phantoms of 4
age-groups.
Age Whole-body Trunk Total
£ mass (kg) height{cm)  height(cm)
0 3.6 216 51.49
5 198 40.8 108.2
15 56.8 63.1 163.99
adult 73.7 70 174
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Fig 2. 3 dimensional image of esophagus modet of
age 0 phantom {rendered by Sabrina 4.12)
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Table 2. Parameters used for describing esophagus in phantoms of 4 age group
Age a b Xo Vo Z Z2 volume (cm®) mass (g)
0 03 0.19 0.25 1.23 13.14 24 1.95 202
5 06 0.24 0.30 150 25.06 43 8.12 8.44
15 1.0 0.40 0.50 2.40 41.00 70 36.4 36.0
adult 10 (.40 0.50 250 43.00 75 40.2 39.7
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Table 3. Details of X-ray projections in chest PA and abdomen AP examinations.

Age *FSD Center(X,Y,Z) Field size at midplane of Field size at image receptor
(vears)  (cm) (cm) phantom(cm) width X length(cm)
Chest PA

0 160 (0,0,16.69) 12.62%12.62 13X13

5 160 (0,0,30.02) 22.01 X21.06 23X 22

15 160 (0,052) 32%X40 30%32

adult 160 (0,0,52) 32X40 35X 44

Abdomen AP

0 (5 (0,0,8.69) 13.19%16.02 14X17

5 75 (0,0,14.02) 21.08%X275 23%x30

15 75 (0,0,20) 28.2% 376 30X 40

adult 75 (0,0,20) 30%x40 | 35X 47

*FSD = focus to surface distance.
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Fig 3. Organ doses for a chest PA X-ray examination
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Fig 4. Organ doses for a abdomen AP X-ray examination
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Fig 5. Effective doses of phantoms of 4 age groups for Chest PA X-ray examination
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Fig 6. Effective doses of phantoms of 4 age groups for abdomen AP X-ray examination
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Fig 7. Cross-sectional comparison of lung shapes of 4 age group phantoms.
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