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This study was undertaken to find the effect of radiation therapy on the healing ability of
surgical wounds and on this basis, to find the proper time interval between the radiation therapy
and surgery. Two hundred and fifty-two mice were used and a single dose of 2000 cGy was given
in each instances to the hind limb of mice. Incisional wounds were produced after varying
intervals in the previously irradiated areas and then they were followed up at regular intervals by
the measurement of tensite strength.

The wounds which received surgery immediately, 1 or 2 weeks after irradiation revealed
marked delay and the wounds which received surgery 12, 16 or 20 weeks after irradiation
demonstrated slight delay in wound healing in terms of tensile strength measurement. But the
wounds which received irradiation 4 or 8 weeks before surgery did not differ much in the wound
healing process from that of the control group.

Histopathologic studies of the wounds demonstrated epithelization in most instances as
quickly as in the control wounds. The appearance of fibroblasts and collagen fibers has delayed
momently and appeared to have close correlation with the tensile strength healing curves.
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INTRODUCTION

Radiation therapy piays an important role in the
treatment of cancer. Seventy to eighty percent of
cancer patients receive radiation therapy during
the local course of their iliness. The local control
rate of curative purpose of radiotherpy reaches
about 70% at present timeV.

In the locally advanced cancer, a combined
irradiation and surgical resection increases greatly
the local control of cancer®®. But some of the
earliest observations suggest that radiation
delievered either before or after wounding the skin
would interfere with reconstrucion of the structures
and reepithelization®. Especially, the preoperative
irradiation is known to affect the healing of the
surgical wounds®. Therefore it is of great importan-
ce to study the effect of preoperative irradiation on
the healing ability of a subsequent surgical wounds.

This study was undertaken to assess the healing
ability of surgically incised wounds on previously
irradiated skin with clinically significant radiation
dose and to find the proper time interval for solid

wound healing between radiation therapy and sur-
gery.

MATERIALS AND METHODS

Two hundred fifty-two ICR mice, both sexes,
weighing about 23+2 g, regardless of sexes were
used in this experiment. These were subdivided into
8 groups including 1 control group and 7 test
groups (Table 1).

The mice were anesthesized by ether inhalation
and fixed to the wooden board on supine position.
Radiation field size of 2X2cm? was marked with
ink on the skin surface of the both ventral aspects
of hind limb (Fig. 1). Irradiation was delivered with
dose of 2000 cGy in single fraction from 4MV linear
accelerator. 1.1 cm thick bolus material was applied
to the skin to maximize the radiation dose to the
skin surface.

Immediate, 1, 2, 4, 8, 12, 16 and 20 weeks after
irradiation, skin was incised with surgical mess
after careful preparation with 70% ethyl alcohol.
The incised wound was approximated with silk
suture material (Fig. 2). Bleeding was controiled by
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Table 1. Experimental Animal Groups

. Postincisional days o 4 6 8 10 14 2
Postirradiation weeks
Control 4 4 4 4 4 4 4 28
Immediate 4 4 4 4 4 4 4 28
1 4 4 4 4 4 4 4 28
2 4 4 4 4 4 4 4 28
4 4 4 4 4 4 4 4 28
8 4 4 4 4 4 4 4 28
10 4 4 4 4 4 4 4 28
12 4 4 4 4 4 4 4 28
16 4 4 4 4 4 4 4 28
20 4 4 4 4 4 4 4 28
Total 36 36 36 36 36 36 36 262

Fig. 1. Experimental mouse with radiation field marked
on the hind limb.

Fig. . Incisional wound with sutures in the previously
irradiated field.

Fig. 3. For the measurement of tensile strength, skin
along the wound was sutured and connected
to the pulley which carried 20.4 g weight of
container.

compression and the wound was coated with anti-
biotic solution to prevent the infection. Control
group did not receive the irradiation, but the similar
surgical incision was performed.

immediate, 2, 4, 6, 8, 10, 14, 21 days after in-
cision, 4 animals from each subgroups were ran-
domly chosen and suture materials were carefully
removed. Then the healing process was assessed
by measurement of tensile strength, the method
which was first described by Howes in 19299,
Tensile strength is defined as breaking strength per
unit cross sectional areas. Since the incised areas
were same in each experimental subgroups, the
tensile strength could be expressed in grams (g).
Only the skin layer was sutured with #3 silk suture



material at 5 mm away from the incisional scar. The
one side of suture string was fixed to the wooden
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3). The distilled water was dropped into the con-
tainer with the speed of 20 cc per minute. It was

board and the other side was connected to the
pulley which carried 20.4 g weight of container (Fig.

read as tensile strength at the point when the skin
began to be separated by the thread tester (Fig. 4).
Tensile strength curves of the healing wounds in
each group were constructed using the average
strength measurements at varying time intervals.

At the same time, an animal was randomly
sacrificed from each subgroup to obtain tissue
sections for histopathologic studies.

- RESULTS
1. Tensile Strength

The average values of tensile strength of the
surgical wounds for both control and irradiated
groups were recorded in terms of various time
intervals following surgery (Table 2). The curves
were constructed with average values of measured
tensile strength at varying time intervals (Fig. 5-8).

Control group revealed 147 g at 2nd day of
surgery and showed a rapid rise until the 10th day

Fig. 4. Tensile strength measurement at the point when
the skin ‘began to be separated by the thread
tester.

Table 2. Averages and t-Values of Tensile Strength

W 2 a 6 8 10 14 21
Post irrad. wks.

Control 147 182.9 3844 592.5 769.4 515.7 543.2

Immediate 94.2 1159 1794 202.4 244.4 270.1 349.4
(2.071) (1.487) {3.079) (2.955) (4.61) (5.732) (3.915)

* * * * * *

1 108.0 232.9 234.1 2511 226.4 201.8 3084
(1.595) (-0.931) (1.7) (2.511) {4.836) (6.468) {0.073)

* * * *

2 50.6 85.2 115.8 142.0 196.9 349.2 563.9
(4.295) (1.843) (2.713) (4.05) (6.294) (3.181) (—0.102)

* * * * »* *

4 125.2 1910 282.0 499.4 319.9 283.1 357.2

(0.77) (—3.345) (1.086) {(—0.593) (3.953) (2.795) (1.882)
* * *

8 118.8 160.3 335.8 357.4 257.4 323.4 320.4
(0.7) (0.311) {1.086) (2.14) (2.536) (1.959) (1.662)

* *

12 66.9 76.2 93.7 162.4 167.4 252.7 247.0
(1.584) (1.179) (3.556) (2.782) (2.972) (2.455) (1.712)

* * * * * *

16 86.2 50.3 68.4 129.2 . 2444 3120 2700
{1.442) {2.111) (3.059) (3.11) (2.586) (2.575) {1.554)

* * * * * *

20 43.6 777 88.3 144.9 2405 488.4 37341
(1.968) (2.187) (2.841) (4.203) (2.522) (0.166) (1.2)

* * * * * *

* t-values which are signigicant,.
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Fig. 5. Changes of tensile strength of control, 0, 1, and
2 wks postirradiation group.
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Fig. 8. Changes of tensile strength of control, 4, and 8
wks postirradiation group.
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Fig. 7. Changes of tensile strength of control, 12, 16,
and 20 wks postirradiation group.

with a value of 769.4 g. Afterwards it rather tended
to be decreased. For immediate surgery group,
tensile strength rose slowly up until the end of
observation period and did not show peak values.
For one week group, tensile strength rapidly rose
from 2nd day, but it did not show a peak values

800
=¥ Control
—6— immediate
8001 | ~&~ 1 wk
- B~ 2 wks
e
g 4001
B
=
i~
§ 200}t
2
g
(2]
o \ . L .
0 5 10 15 20 26
Davs
Fig. 8. Changes of average tensile strength of each
groups.
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Fig. 9. Comparison of average tensile strength.

during the observation period. Two weeks group
also did not reach its maximum value during 21
days of period. Thus it seemed that immediate, 1
and 2 weeks group did not obtain maximum tensile
strength during the observation period.

For 4 weeks group, tensile strength rapidly rose
from 6th day and it reached its peak value of 499.6
g at 8th day. Eight weeks group attained its maxi-
mum value of 357.4 g at 8th day. Therefore it was
clear that the 4 and 8 weeks group revealed the
similar features of the tensile strength curve to that
of the control group.

Tensile strength of twelve weeks group revealed
the slow rise from 4th day and reached its max-
imum at 14th observation day. For 16 weeks group,
tensile strength revealed its peak value of 312.0 g at
14th day. Tensile strength of 20 weeks group
revealed its peak value of 488.4 g at 14th day. Thus
12, 16 and 20 weeks group attaied their peak values
at 14th day of observation, but their appearance
appeared to be delayed compared to that of the
control group.



Fig. 10. Section of control wound 2 days after opera-
tion showing active epithelization and abun-
dant amount of inflammatory exudate in dermis
(hematoxylin and eosin, xX100).

Fig. 11. Section of control wound 6 days after opera-
tion showing active proliferation of fibroblasts
and abundant newly formed connective tissue
(hematoxylin and eosin, X100).

All the test groups were categorized into three
groups and their tensile strength values were
compared to that of the control group (Fig. 9). The
absolute tensile strength values of the irradiated
groups were diminished at all the time intervals
compared to that of the control group. Especially
12, 16 and 20 weeks group revealed markedly
reduced values. In respect to the observation per-
iod, the absolute values of tensile strength was
markedly diminished between 8th and 10th day.

T-test was utilized to find the significance of the
observed values (Table 2). There was a significant
difference in values from that of the control group
at 2, 6, 8, 10, 14, 21st day for immediate group. One
week group revealed difference at 2, 4, 6, 8, 10, 14
and 21st day. Therefore it was clear that immediate,
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Fig. 12. Section of control wound 14 days after opera-
tion showing a well-healed scar with mature
connective tissue (hematoxylin and eosin
stain, X100).

Fig. 13. Section of 4 days old skin wounds from 4
weeks group showing immature but complete
epithelization (hematoxylin and eosin, X100).

1 and 2 weeks group had a significantly different
tensile strength changes from that of the control
group for the most of the observation period. In
contrast, 4 and 8 weeks group revealed difference
only at three time intervals. Twelve, 16 and 20 weeks
group had significantly different tensile strength
values at six time intervals which indicated slight
delay in wound healing process compared to that
of the control group.

2. Histopathologic Studies

Histologic sections of the healing wounds of
control group demonstrated the normal wound
healing process. The surface epithelium covered
the skin defects by its stretching and proliferation
(Fig. 10). Complete epthelization was observed on
4th day. Six days after wound production, a sharp
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Fig. 14. Section of 8 days old wound from one Wegk,
postirradition group showing less pronounted
fibroblastic proliferation compared to that of
control group (hematoxylin and eosin, X100).

Fig. 15. Section of 21 days old skin wounds from 12
weeks postirradiation group showing complete
healing of wound with hyalinization of con-
nective tissue (hematoxylin and eosin, X100).

increase in quantity of fibroblasts in the underlying
dermis was observed. Collagen fibers began to
appear in the dermis on about 6~8th day (Fig. 11).
The diameter of fibroblasts became thick on about
14~21st days and their arrangement appeared to
be normal (Fig. 12).

Histologic studies of the irradiated wounds
revealed similar reepithelization process to that of

control group (Fig. 13). The appearance of fibrob-
lasts was slightly delayed to occur on about 10
~14th (Fig. 14). Fibroblasts were decreased in their
quantity. The patterns of deposit of collagen was
similar, but the the amount of it appeared to be
increased, especially in 12, 16 and 20 weeks group
(Fig. 15).

In view of above findings, it was clear that

complete epithelization occured :in the most of
irradiated groups as quickly as in the control
wounds. But there was a delay in appearance and
decrease in its quantity of fibroblasts. Collagen
deposit was also delayed slightly compared to the
control group. There appeared to be an increased
hyalinization in later days secondary to the effects
of irradiation. In conclusion, the changes of tensile
strength appeared to be more or less correlated
with the appearance of fibroblasts and collagen
deposit.

DISCUSSION

Radiation therapy can be given preoperatively,
postoperatively or intraoperatively. They have their
own advantages and disadvantages. Therefore it
should be selected in the proper way for each
cases. ;

The preoperative radiation has the advantages
of sterilizing cells at the edges of resection, steriliz-
ing cells that perhaps would be dislodged and
seeded at the time of surgery and reducing the
tumor volume sufficiently to allow resection?. But it
also has the disadvantage of damaging the normal
structures which may cause the delay of wound
healing®. In these situations, the effect of radiation
therapy on the healing ability of a subsequent
surgical wound is of great importance. Previous
literatures reported that significant wound com-
plication occured in 1~20% of patients who under-
went preoperative irradiation®®.

Retarding effects of irradiation was firstly
mentioned as early as 1923 by Haberland in his
experimental work'®, Radiation depressed the fi-
broblastic growth and changed the fibroblastic
developement with the production of abnormal
cells!V,

Radiation dose and irradiation time appeared to
be the important factors which affect the wound
healing according to several reports!?~15),

Radiation effects was described both in low and
high dose ranges. High radiation dose usually
means above 1000 ¢cGy given in a single fraction.
The ra diation dose of 2000 cGy in a single expo-
sure in our experiment which is radiobiologically
equivalent to 5000 cGy at conventional fractiona-
tion signifies the clinicallly high radiation dose!®. it
was apparent from our experimental result that
large radiation doses caused a considerable delay
in wound healing. Similar findings were noticed in
other studies where large doses in the order of
from 1000 cGy in a single fraction to 4000 cGy at



conventional fractions caused a healing disturban-
ces in considerable degree®. Contrary, it was
believed that small doses accelerated the healing
of wounds by lessening the inflammatory exudate
and depressing the proliferation of fibrobi-
astslz,ﬂ,ls).

Intervals between surgery and irradiation
believed to be an another important factor which
influenced the wound healing. Though Powers’
study did not demonstrate the optimal time delay
between irradiation and surgery to permit complete
and adequate wound healing, many other studies
suggested that irradiation given immediately or 1
week before surgery interfere with rate of wound
healing, but in cases of irradiation given 3~12
weeks prior to surgery did not impair the healing of
surgical wounds**!®. Qur study proved that the
wounds received irradiation 4~8 weeks before
surgery did not differ much in the wound healing
process from that of the nonirradiated group, but
the wounds received irradiation immediately, 1 and
2 weeks before surgery revealed most marked
delay in wound healing.

Radiation given after surgery also affects the
wound healing process. Nathanson observed that
the acceleration of healing occurred in those which
the wounds were irradiated immediately after in-
cision, but the wounds received irradiation 24
hours after operation showed marked interference
with healing'®. Other study also proved that the
irradiation given within 3 days after surgery delayed
the scar formation'®. On this basis, occasionally we
irradiated the incisional scar within 24~48 hours
after surgery to prevent the keloid formation.

Healing process of surface wounds can be
evaluated by boh tensile and burst strength®1320:21),
Tensile strength is breaking strength per unit cross
sectional area. Tensile strength is a fundamental
physiological property of tissue which can be
considered a function of wound healing*'#2%23 A
simple quantiitative method of investigating healing
of wounds by measurement of tensile strength had
been described by Howes, Sooy and Harvey®.
Levenson et al described the change of tensile
strength during the healing process of unirradiated
tissue?®. There was the initial lag period of 4~6
days during which the tensile strength did not rise.
This phenomenon was explained as due to the
formation of fibrin by the blood or blood clot®.
Then the wound reached maximal strength at the
end of 2 weeks. Histologists suggested that a
correlation might exist between number of fibrob-
lasts, quantity of collagen and tensile strength of a
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scar?2¥, Qur experimental result also supported
these findings.

Through the histologic study of the sections, we
could analyze the wound healing process and tried
to find the correlation between tensile strength and
histopathologic findings. It was noticed that the
epithelial tissue was less affected than the deeper
tissues by irradiation??. Thus reepithelization in the
irradiated groups took place almost at the same
time as that in the control group. But in the deeper
tissue, the appearance of fibroblasts was delayed
and the absolute amount of fibroblasts was de-
creased. The collagen deposit was delayed, but the
amount was similar to that of the control group. in
12, 16 and 20 weeks groups, hyalinization was
prominent due to the degenerative effects of previ-
ous irradiation. According to Ritchie’s observation,
there was a decreased amount of inflammatory
cells and fibroblasts and delayed appearance of
collagen in irradiated tissue!V. The quantity and
quality of collagen which could be observed in 10
days old surgical scar was not apparent in 20 days
old irradiated scar tissue. Therefore ,the delayed
increment and reduced absolute values of tensile
strength presumed to be caused by the changes of
fibroblasts and collagen. But it was not sufficient to
correlate the wound healing process with the his-
topathologic findings.

Wound healing process was also influenced by
the nutritional status and the presence of foreign
materials®??. With the spontaneous removal of
suture material, absolute values of tensile strength
was relatively increased. There was also a tendency
of reduction of tensile strength in later observation
periods. which might have been caused by the poor
nutritional status.

SUMMARY

The results of the study are summarized as
follows:

1. The wounds which received surgery im-
mediately, 1 or 2 weeks after irradiation revealed
most marked delay in wound healing in terms of
tensile strength measurement.

2. The wounds which received irradiation 4 or 8
weeks before surgery did not differ much in the
wound healing process from that of the control
group.

3. The groups which received surgery 12, 16 or
20 weeks after irradiation demonstrated slightly
detayed healing of wound.

4. Histopathologic studies of the wounds
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demonstrated epitelization in most instances as
quickly as in the control wounds. The appearance
of fibroblasts and collagen fibers has delayed
momently and appeared to have close correlation
with the tensile strength healing curves.

5. After reaching the peak, the values of tensile
strength has shown a trend of decrease in absolute
values as follow-up days passed by. It seemed to
be affected by nutritional status.

In conclusion, high dose preoperative irradia-
tion caused the delay in wound healing. Especially
it could cause a serious delay in wound healing
when operation was performed immediately, 1 or 2
weeks after irradiation. When the operation was
performed 12, 16 or 20 weeks after irradiation, one
could expect moderatte degree of delay in wotind
healing. But when the surgery was performed 4-8
weeks after irradiation, it could minimize the adver-
se effects of wound healing process.
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