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[. INTRODUCTION

Many studies, using low level laser(LLL),
have been performed to investigate the
influence of laser radiation on the healing
process of wounds or lesions. Mester et al”
reported that the healing of total skin defects
artificially created on the back of white mice
was significantly accelerated by the effect of
ruby laser rays. Mester? was the first to
hypothesise the beneficial interference of laser
energy with the enzymes active in the healing
process after observing the beneficial effect of
laser radiation on the various stages of healing
in 32 patients suffering from a variety of skin
lesions. Palmieri® reported that an increased
activity of myofibroblasts might also be
responsible for a quicker closure of the wound.

It is claimed that the infra-red GaAs laser has
biostimulation effect. It has been proposed that
the low level laser irradiation may stimulate the
protein and DNA synthesis to accelerate the

proliferation of gingival fibroblast.”. The
increasing interest for laser therapy applied in
healing of post—traumatic lesions and
myopathies has recently stimulated several
experiments designed to investigate the
molecular basis for explaining LLL therapeutic
effects.”®

The effect of laser irradiation on the healing
of experimentally induced wounds has been
investigated in animal studies.>'™ Kim et al.'?
reported the clinical, microbiological, and
histological study on the effect of LLL
irradiation on treating early gingivitis. Their
study demonstrated that after LLL irradiation,
there was decrease in the proportion of motiles
and spirochetes which are believed to cause
periodontal diseases and concomittant increase
in nonmotiles, and also there was decrease in
the gingival infiltration of inflammatory cells.
They indicated that the LLL irradiation had a
favorable influence on the gingival
inflammation with the change of rate in the
composition of oral flora, but they did not show
whether the decrease of gingival inflammation
after LLL irradiation was due to the
biostimulation effect of LLL irradiation in the
gingival tissue or the direct effect of LLL
irradiation causing the change of rate in the
composition of oral flora.

Kim et al'® reported that Streptococcus
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mutans could be stimulated by low level laser
therpay (LLLT) in vivo, and similar modulation
could potentially occur in the other bacteria
exposed to LLLT. They suggested that the
acceleration of healing in the infected lesion
following GaAs LLLT indicates that the cellular
activity due to the biostimulation effect of
LLLT in the surrounding normal tissue
predominates over the tissue irritation due to
the bacterial growth in the infected lesion.

So this study was undertaken to confirm the
hypothesis that tissue repair due to the
biostimulation effect of LLL in the lesion with
infection predominates over the irriation due to
the bacterial growth, comparing the differences
in the size of infected wound between
irradiation group and non—irradiation group.

II. Materials and Methods
A. Materials

1) Experimetal Animal

Healthy Sprague —Dawley rats, weighing 250
to 300g, were used throughout the experiment.
They were given tap water and food.

2) Laser Apparatus

The laser used in this work was BIOLASER
(Dong Yang Medical, KOREA) using GaAs
semiconductior as diode(figure 1). It is an
infrared laser apparatus with a wavelength of
904nm. peak output power is 27mW and used
beams were pulse 8(1,000 Hz : 2mW average
output power) laser.

3) Bacteria

Staphylococcus aureus used in this study were
obtained from Dept. of Pathology, SCH
CheonAn Hospital.

4) Measuring Apparatus
Reflector projector(Germany) was used to
trace the wound size and Planimeter(Keuffel &

Esser Co. Germany) was used to measure the
wound area traced in the tracing paper(figure
2).

B. Methods

The animals were shaved on the gluteal
region. Operations were performed aseptically
with the animals under anesthesia with
Ketamin and Xylazine. The round, full—
thickness skin defects of 5—mm diameter were
produced to the left and right of the gluteus
superficialis of hind limb in each rat. The
wounds were left open without dressing. The
animals were kept in special wire mesh cages
without bedding, so that the wounds remained,
though not strictly sterile, in very clean
conditions.

Staphylococcus aureus were cultured on BHI
slant and suspended with 1ml of BHI broth, 5 ul
of bacteria from BHI broth vortexed were
inocluated on the wounds respectively. 10
subjects were used in this study but 3 were died
during  experiment. The animals were
immobilzed under anesthesia with Ketamin and
Xylazine during the irradiation and
photographing. Energy density of experimental
group was 76.43 mJ/cm*

The irradiation was centered on the middle of
the wound which was 2 cm in diameter, then
laser was applied moving around the entire
wound area and adjacent normal tissue.

Experimental wounds were irradiated 1lst,
3rd, 5th day, the first exposure taking place
immediately after the operation and bacterial
inoculation. For the control wounds, another
attempt like that of experimental groups were
performed without LLL irradiation : they
served as contralateral controls. The wounds
were examined every day and the clinical
observations were recorded in a protocol. The
wounds areas were determined by
photographing the wounds from a constant
distance (via a constant objective focus) on the
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1st, 3rd, 5th, and 7th postoperative days. The
slides were projected through Reflector
Projector and the wound areas were traced, and
measured by planimeter (Keuffel & Esser Co.
Germany). In each wound, the wound areas on
consecutive days were expressed as a
percentage of their initial area(on the first
day).

C. Statistical analysis

All measurement in each group were
averaged. Statistical comparisons were then
made. To determine the significance of
differences among the results according to the
interval and the groups two factor ANOVA
was used and Scheff and Fischer's PLSD tests
for multiple comparison according to the
interval were applied.

To compare the difference between the
incidence of swelling according to the groups, X
?—test was used.

. Results

The means of wound size of two groups at
the 1st, 3rd, 5th, and 7th day are given in table
1, and shown in figure 5. significant differences
between two groups (figure 3,4) and among all
days of examination could be detected in the
rate of wound contraction during total duration
of examination (p=.0031, .0001). Although the
rate of wound contraction was significantly
decreased during experimental examination,
significant difference between two groups could
be detected only at the 7th day in the paired t—
test(p=.0124). In other words, rapid decreased
of the wound size in the irradiated group
compared with the control group, especially in
the late stage of healing process, could be seen
in the figure 5.

The measurements of the experimental group
and the control group at 3rd day, 5th day, and
7th day are compared in Table 2 and 3, using

multiple comparison tests. Significant
differences among the measurements at 3rd,
bth, and 7th day, which indicated that the
wound size were rapidly contracted in the
irradiated group, could be detected in table 2.
There are, however, no differences among the
measurements at 3rd, 5th, and 7th day except
the difference between 3rd and 5th day in
control group. These results indicate that the
wound healing in the control group was delayed
by bacterial infection, but that in the LLL
irradiated group was accelerated by LLL
irradiation although the wounds were also
infected by same bacteria.

The incidences of swelling in the both groups
during total examination are also compared In
Table 4, using X* test. In general, significant
differences between two groups for the duration
of experiment except 2nd and 4th day (p=.
0069). This result also supports that the spread
of inflammation was restraned by the
biostimulation of LLLT and the wound healing
in irradiated group, therfore, was accelerated
although the wounds were infected by bacteria.

IV. Discussion

There were clinical reports by Mester et al.”
on the wound—healing accelerating effect of
the low output laser on skin ulcers that were
slow in healing. For animal studies there were
reports by Mashiko et al.'"® who recognized the
wound — healing effect of the laser in an incised
lesion on the back of rats. A series of
experiments has been arranged to examine the
influence of laser irradiation on the wound
healing process.? 1#7!%

However, further many studies reported that
effects of LLIL irradiation under normal
condition, few study was undertaken by
pathologic condition. It was suggested that the
effect of LLL irradiation under pathologic
condition is still unknown, but above of previous
results, there were similarities between normal
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condition and pathologic condition.

Tumor cell proliferation and tumor growth
have been shown to be stimulated by low—
energy lasers?® ™,

K(1992) et al.'® suggested that Streptococcus
mutans could be stimulated by LLLT(GaAs) in
vivo, and similar modulation could potentially
occur in the other bacteria exposed to LLLT.
Kim et al.'’® reported the bacteria cells also
significantly with LLL
irradiation. It was assumed that low level laser
radiation had same effects for all kinds of cells.

were Increased

In that study, Kim also suggested the
hypothesis that the healing of the lesion with
infection following GaAs LLL irradiation
indicates that the tissue repair due to the
biostimulation effect of LLL predominates over
the destructive irritation due to the bacteria
growth. On the basis of the results in this study,
it is indicated that the wound healing in the
irradiated group was accelerated by LLL
irradiation, although the wounds were also
infected by same bacteria such as the wounds
of control group.

In this study, Staphylococcus aureus was used
to infect the wounds in contrast to Streptococcus
mutans which was used in Kim’s study'®
regarding the proliferation of bacteria after
LLL irradiation. The reasons are that it was
assumed that LLL irradiation had the same
effects for all kinds of cells in Kim’s study'?,
and Stephylococcus aureus is the common cause
of skin infections. In the pilot study for this
research, the wounds were not infected with
Streptococcus mutans easily. Instead, those were
infected with Stephylococcus aureus without
difficulties.

In previous Kim’s study the energy
densities of LLLT used were 168.5, 337.0, and
505.4 mJ/cm? to be irradiated on to the
bacteria. It was suggested that the optimal dose
of LLLT for the bacterial growth is about 337,
OmJ/cm?® The dose of LLLT used in this study
was 70.mJ/cm? This energy density was very

12)
’

small compared with the optimal dose for
bacteria he suggested. Nevertheless, It is not
believed that small dose had an influence on the
results of this study.

The structural basis of healing consists of the
activation of collagen production, and a certain
role should also be attributed to the vesicles
with central nuclei'”. These are assumed to
contain bioactive substances that also act as
catalysts of healing in the nonirradiated areas.
This means that it is not necessary to fully
irradiate the entire ulcer in order to achieve the
stimulating effect. The possibility that the
remote effect was induced by a humoral
substance created in the irradiated area was
raised. In this study, the wound of about 7 mm
in diameter was created in the rat skin, and
then LLL was irradiated on to the area of 2em
in diameter involving sound tissue around.
Therfore, it was assumed that if LLL had been
irradiated only on the surrounding normal
tissue except the infected wound in this study,
the wound healing should have been accelerated
more significantly on the basis of the remote
effects by humoral substance. Further study is
required to confirm this assumption and positive
results will be beneficial for clinicians to
promote the effect of LLLT and also to treat
the wound with severe infection.

Edema resorption is related in a very
intensive way with the lymphatic and blood
circulation

The biostimulating effect on the tissues
reported in the experiments of various authors,
particularly Miranda(1981)®  showing an
increase in blood and lymph flow under laser
radiation.

Mester’s study® showed that the deve-
lopment of blood circulation of regenerating
tissues was significantly influenced by laser
rays.

Nicola Passariella et al.?” reported that laser
radiation was found to have a positive effect on
the microcirculation. Kovacs and Mester®
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examined the influence of laser on wound
healing and more specifically on the
regeneration of blood vessels. They concluded
that the regeneration process was significantly
increased after laser irradiation.

Liesens®™ repoted that the regeneration of the
venous and lymphatic vessels began more
quickly with laser therapy than in normal
conditions, and also he reported that edema was
disappeared quickly after laser therapy.

The incidence of swelling that indicates
abscess due to Dbacterial infection was
significantly decreased in experimental group
than control group in this study.

According to these results, it was assumed
that abscess formation in the experimental
group could be inhibited by positive effect on
the microcirculation as well as biostimulating
effect after LLL irradiation.

The statistical difference in the infected
wound contraction following LLIL irradiation
suggests, although histological assessment was
not performed, that further study is warrented.
Therfore, the author emphasizes the need for
further research to evaluate the effects of LLL
irradiation in acute and chronic infection and
the effects of LLLT according to the irradiation
method. Hopefully this report will stimulate
further investigation and reporting in this area.

V. Summary and conclusions

QOur investigation of biostimulation effects of
infrared LLLL.T(GaAs) in the 7 samples of rats
lead to the following conclusions : (1) The rate
of wound closure was significantly increased in
Laser —irradiation group. (2) The incidence of
swelling that indicates abscess due to bacterial
infection was significantly different between
control and experimental group.

On the basis of above conclusions, it is
confirmed that the acceleration of healing in the
infected lesion following GaAs LLLT indicates
that the cellular activity due to the

biostimulation effect of LLLT in the
surrounding normal tissue predominates over
the tissue irritation due to the bacterial growth
in the infected lesion.

REFERENCES

1. Mester E., Juhasz J. Varga P., Karika Gy
(1969).

Liyon Chir. 65, 335.

2. Mester E., Spiry T., Szende B., Tota, J.G.
(1971). Effect of laser rays on wound
healing. The American journal of Surgery
122 : 532.

3. B. Palmieri, E. Vecchiati, E. Arisi.
Experimental sutdy on wound healing in the
rat. MLR. 6 —8

4. Chavrier C., Couble M. L., Magloire H,,
Grimaud N. J. A.(1981).
Immunohistochemical localization of type I,
M and IV collagen in healthy hyman
gingiva. Journal de biologie buccale 9, 271 -
277.

5. Wolbarsht M.L. editor.(1977). Laser
application in medicine and biology, 1—3.
New York, N.Y. and London.

6. Pratesi R. and Sacchi C.A. editors. 91980).
Laser in photomedicine and photobiclogy.
Springer series in optical Sciences, 22.
Berlin, Heidelberg and New York, N.Y.

7. Hillenkamp F., Pratesi R. and Sacchi C.A.
editors(1980). Laser in biology and
medicine. New York, N.Y. and London.

8. Karu T.T., Kalendo G.S., Letokhov V.S. and
Lobko V.V.(1982). Biostimulation of Hel.a
cells by low—intensity visible light. T
Nuovo Cimento, 1 D, 6, 828 —840.

9. Kana, J.S., Hutschenreiter, G., Haina, D.,
Weidelich, W.(1981). Effect of low—power
density laser radiation on healing of open
skin wounds in rats. Archives of surgery
116 : 293.

10. Mester E., Jaszsagi, E.(1973). The effect of

—-113—-



11.

12.

13.

14.

15.

16.

17.

18.

19.

laser radiation on wound healing and
collagen synthesis. Studia Biophysica 35 :
227.

Kisuk Kim (1987). An experimental study
on the effects of low power laser on the
human gingival fibroblast. The journal of
Korean Academy of Oral Medicine 12 : 17.

Kisuk Kim, Donghun Lee and Samkum Kim
(1992). Effects of low

levels of infrared laser irradiation on the

incident energy

porliferation of Streptococcus mutans. An
low level laser
Vol. 4,

International Journal of
therapy and photobioactivation.
Number 2, 81 —85.

Shinro Mashiko, et al. (1982). Accelerating
effect of wound healing by irradiation with
Laser, Preliminary report. Japan Socialty
for Laser Medicine, 3. 553.

Moskalik KG, Kniazev PG, Lazo VV(1979).
Radioautographic study of fibroblast culture
after neodymium laser irradiation. Arkh
Anal Gistol Embriol. 76(3), 28 —34.
Shakhtmeister 1Y, Valtseva 1A, Shekhter
AB, et al(1974). Biologic reactions of the
body to the application of a laser beam to
the skin. Vestn Dermatolo Venerol. 50(12),
7—12.

Zadorozhnyi BA, Safronov BG, Dyuba VM
(1976). Morphological and histolchemical
changes in the skin under the influence of
low—power gas lasers. Vestn Dermatolo
Venerol. 52(8), 34—39.

Vejrosta Z, Luktova L, Hornova J, et al
91975). Laser radiation in healing oral
cavity wounds. Ser Med, 48, 569 —576.
Averbakh MM, Sorkin MZ, Dobkin VG, et
al (1976). Effect of helium—neon laser on
the healing of aseptic experimental wounds.
Eksp Khir Anesteziol, 3,56 —59.

Babayan R, Farthmann F(1977). Laser und
Wundheilung. Zentralbl Chir, 102, 1247 —

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

—114-

1250.

Mester E, Sellyea M, Tota GJ(1968).
Laserstrahlenwirkung auf das Wadhstum
Ehrlichschen
Vorlaeufige Mitteilung.
Geschwulstforsch, 32, 201 —206.
Mims JL(1968). Some effects of low energy
ruby and neodymium laser radiation on

Aszitestumors

Arch

des

transplantable subcutaneous mouse tumors.
Tes Rep Biolo Med. 26, 434 —435.

Jamieson CW, Litwin MS, Longo SE, et al
(1969).
culture growth rate by ruby laser radiation.
Life Sei. 8. 101 —106.

Skibenko KP, Tsutsaeva AA, Dudnich LA
(1976). Investigation on the effect of low
Ehrlich
adenocarcinoma cells. Cryobiology ahd
Cryomedicine Kiev, USSR, Znanie. vol 2, 91
—94.

Moskalik KG, Kozlov AP(1979). Effect of
pulsed laser radiation on mitotic activity
and DNA synthesis of tumor cells. Dakl
Akad Nank SSSR. 224, 206 —208.

Miranda R. 91981). La Biostimolazione
Medicina.

Enhancement of melanoma cell

power laser radiation on

Laser iIn Space Electronics
Engineering, Modena.

Mester E. 91976).
Proceedings, 1st Internat, Symp. Jerusalem
Acad. Press.

Nicola Passariello, Alfonso Chiariello, Luisa

in Laser Surgery,

De Mardo, Carlo Giorleo, Dario Giugliano.
Laser treatment and microcirculation. MLR.
11—-13.

KovacsB., Mester E., Gorog P. 91974).
of the
healing wound.

stimulation
vascularization of the
Experientia, 30, 341 —343
P. Liesens. The influence of laser treatment

Laser —induced

on the lymphatic system and on wound
healing. MLR. 29 —31.



Table 1. Means and standard deviations of wound sizes of each group, and the results of ANOVA tests

according to the interval and the group.

1st day 3rd day 5th day 7th day P
Exp. 1 0.556+0.188 0.44310.180 0.257 £0.107 0.0031
Ctr. 1 0.756 +0.165 0.57710.219 0.585+0.317
p Paired t—test 0.0561 0.2437 0.0124
0.0001

Table 2. Resuits of Fisher’s test for wound size

of experimental group according to the

interval
3rd day 5th day 7th day
Group
0.556 0.443 0.257
3rd day
5th day + +
7th day + +

+ + : 99% significant, + . 95% significant

Table 3. Results of Fisher’s test for wound size

of experimental group according to the

interval
Group 3rd day 5th day 7th day
0.756 0.577 0.585
3rd day
5th day +
7th day - -

+ 4+ : 99% significant, + . 95% significant

Table 4. Table showing the incidence of swelling during experimental examination and the results of

X2 —test
Swelling 2 day 3 day 4 day 5 day 6 day 7 day
Exp. 0 0 2 0 0 0
Ctr. 3 6 6 6 6 6
P value — 0.069 — 0.069 0.069 0.069

— . not significant
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Figure 2. Planimeter (K euffel & Esser Co. Germany) Figure 4. Control group at 7th day
%100 ® Crtr.
Exp.
49
50
p=0.124
3rd day 5th day 7th day

Figure 5. Linear graph showing the changes of wound size of two groups according to the interval.
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