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An Experimental Study on the Condition of lrradiation and the
Skin Reaction by 6 MV X- ray

Kyung Ja Leg M.D., Chung Sik Rhee, M.D.

Department of Radiology, College of Medicine, Ewha Womans University

The maximum ionization point of supervoltage X~ray radiation modality is mov-
ed to subcutaneous tissue by the build up effect, as the result, the surface dose of
the skin is decreased.

It is necessary to measure the accurate dose distribution of supervoltage X-ray
radiation modality and determine its biological effect on the skin in order to incr-
ease the effect of radiation therapy.

By using 6 MV Linear accelerator, the absorbed dose of the skin and subcutane-
ous tissue was determined by physical aspect in relationship of 6 MV X-ray and
tissue and a uniform formula was developed.

For the experiment, guinea pigs were divided into 3 groups. A single irradiation
group was irradiated with 10~60Gy, and a single irradiation group with 0.5cm, 1.0
cm and L5cm bolus was irradiated with 10— 40Gy, and fractionation group was ir-
radiated with 20Gy by 3 fractionation for 1 week and with 30Gy, 2, 3, 5 fractionati-
on for lweek and 2 weeks respectively.

The results were as follows :

1) The absorbed dose of 6MV X-— ray was increased depending on the depth of
skin and its maximum point was 1.5cm from skin surface.

2) The skin score by a single dose irradiation was proportionally increased by
the dose and D,, dose at the point of skin score 1.5 was 25Gy.

3) The maximum skin reaction by a single dose irradiation was developed about
24th day after irradiation and generally the skin reaction was developed earlier in
higher dose.



4) By using the bolus, the skin score was increased by the ratio of 53%,78%, and
100% of dose increment depending on the thickness of the bolus 0.5cm, 1.0cm and
1.5cm respectively.

5) The light microscopic finding of a single dose irradiation without bolus show-
ed more prominent changes in the dermis than epidermis, whereas a single dose
irradiation with bolus showed prominent epidermal change.

6) Electron microscopic findings of a single dose irradiation with bolus were se-
vere edema and degeneative change of collagen and dermal appendages in dermis.

7) The skin score of fractionation group was decreased by incresing number of
fractionation and duration of overall time in the same total dose.

8) The skin reaction in epidermis was correspond to depth dose of O.4dcm from

the surface in biological effect.

9) The biological isodose effect by fractionation irradiation of 6MV X-ray was
correspond to number of fractionation of Ellis formula, but the change by overall

time is slightly decreased in longer time (T %%),
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£ : true mean attenuation coefficient

#e™: mean linear energy absorption coefficient

@) :energy fluence at skin surface

D(z) :absorbed dose

B(z) :correction factor

Z : depth

o714 B(z)E correction factor 24 [FE Ll
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F=gl) Lo (e te)--(2)

pe : effective linear attenuation coefficient for the

electrons

K(col) : collison kerma
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Fig 1. Absorbed depth dose from phantom surface



Table 1. Grouping of experimental animals

Group no.of animal( irradiated parts)
Single Irradiation 15( 30)
10,20, 30, 40 , 60Gy
Single Irradiation with bolus 24( 48)
0.5¢cm bolus-----+-20, 30Gy
1.0cm bolus------+--10,20, 30 , 40Gy
1.5cm bolus:--++ - 20 ,30Gy
Fractionation Irradiation 21( 42)
20Gy--+--+---3 fractionation-----++-.-..-- 1 week
30Gy--+ ~----2,3,5 fractionation -« 1 week
30Gy - reeen 2,3,5 fractionation------ 2 weeks
Total 60 (120}
Table 2. Total dose of fractionation group by Ellis formula
N .S.D.{ ret) N{ No. of fraction ) T ( days ) Total dose ( rads )
2000 3 7 3224
3000 2 7 4390
3 7 4836
5 7 5468
2 14 4708
3 14 5187
5 14 5865
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TD ;Total dose

NSD ; Nominal stardard dose

N ; Number of fraction

T ; overall treatment time
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Fig. 2. View of the irradiation of guinea pig on
the paraffine phantom.

Table 3. Degree of skin reaction
0. No visible reaction
1. Slight erythema
2. Erythema
3. Marked erythema
4. Moist desqumation of less than

half the field area
5. Moist desqumation of more than

half the field area

ofrt

Bewley

5 60 GY
.
I 34
g
o
“ 40 GY
% /L
2] 30 GY
1 -5
20 GY
0 10 GY
ol 1 1 1 I
10 15 20 % 30 35 days

Fig. 3. Average skin score of various single dose irradiation Without

bolus
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Fig. 5. Gross finding of marked erythema, skin score
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Fig. 8. Light micoroscopic finding of normal skin of Fig. 10. Hectron microscopic finding of normal ep-
guinea pig {H&EX200): 3 layers of epidermis idermis (X16,000) ; Abundant cytoplasm
and intact dermal appendages and nuclei.

Fig. 9. Light microscopic finding after a single 30Gy Fig. 11. Electron microscopic finding of normal de-

irradiation ( H&E, X200 ): Slight increased par- rmis { X16,000 ) : Normal fibroblast and colla-
akeratosis, and edema, collagen degeneration gen fiber.

and hyperemia in dermis
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Fig. 13. Average skin score of various single dose irradiaton with 1.0 cm
bolus
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Fig. 14. Average skin score of a single 20Gy irradiation with various
thickness of bolus
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Fig. 15, Average skin score of a single 30Gy irradiation with various
thickness of bolus
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Fig. 16. Maximum skin score of a single dose irradiation with various
thickness of bolus
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Fig. 17. Light microscopic finding after 30Gy irrad-
iation with 1.0Cm bolus (H&E, X100 ) ; Ext-
ensive ulceration with necrotic base and

acute inflammatory cells on the ulcer base.
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Fig. 18. Light microscopic finding after 40Gy irrad-
iation with 1.0Cm bolus(H&E, X200 ) ; Ma-
rked thickening of epidermis (15 -20cell lay-
ers) and marked parakeratosis

Table 4. Degree of mcroscopicchange by various dose, bolus and fractionation

Epidermis Dermis
Change
Hyperpla- Ulcera- Regenera- Collagen Infia-
Group sia tion tion Edema degenera- Hyperemia mmatory Fibrosis
tion change
Single
10Gy + 0 0 + + + 0 0
20Gy + 0 0 + + + + 0
30Gy + 0 0 + + + + 0
40Gy + 0 0 -+ + + + 0
60Gy + + ++ At + ++ 0 0
Single with
bolus 1.0Cm
10Gy + 0 + ++ + ++ + 0
20Gy ++ + ++ + ++ + 0
30Gy ++ ++ + ++ + ++ + 0
240Gy 44 e ++ + + + +
Fractionation
20Gy + 0 0 + + + 0
30Gy + 0 0 + + + ++

0: No change +: Minimal change

++: Moderate change

++-+ : Marked change
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Fig. 19. Electron microscopic finding after 40Gy ir-
radiation with 1.0cm bolus ( X7,000 ) : Seve-
re degeneration of hair follicular cell and
edema in dermis.

Fig. 20. Electron microscopic finding after 40Gy irr
adiation with 1.0cm bolus (X10,000) : Seve-
re edema in dermis.
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Fig. 21. Average skin score of fractionation group of 3,000 ret for 1

week.
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Fig. 22. Average skin score of fractionation group of 3,000 ret for 2
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