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ES and laser treatment can be used successfully in decubitis
ulcers and chronic wounds, in combination with conventional
therapies such as daily care and debridement of wounds; however, ES has more beneficial effects during the inflammatory
phase in some parameters than laser treatment.

Abstract—We investigated the effects of electrical stimulation
(ES) and laser treatment on wound healing in rats. A
randomized-controlled trial, conducted at the Experimental and
Clinical Research Centre of Erciyes University (Kayseri, Turkey), divided 124 healthy female Swiss-Albino rats into four
groups. A 6 cm linear incision was made at the dorsal skin of
all rats. Group 1 was given a constant direct current of 300 µA
for 30 min per day. The current was applied in negative polarity for the first 3 days and in positive polarity for the next 7
days. Group 3 received a full-contact, continuous galliumarsenide (GaAs) laser therapy, with a wavelength of 904 nm,
an energy density of 1 J/cm2, and an average power of 6 mW
for 10 min per day. The remaining two groups (Groups 2 and
4) were considered the control groups and received sham treatment. All groups were treated for 10 days. Histopathologic and
biochemical evaluations were conducted on 10 rats from each
group on the 4th and 10th days, and wound breaking strength
was measured for biomechanical evaluation on the 25th day of
the study. Both ES and laser treatment proved significantly
effective in the inflammatory phase compared with control
groups (p < 0.05); however, the ES was even more effective
than laser treatment, with more significant results (p < 0.05). In
the proliferation and maturation phases, while ES and laser
treatment were both found to be significantly effective treatment methods compared with the control groups, no statistically significant difference was observed between the two
treatment groups (p > 0.05). Although ES and laser treatment
both were effective in the maturation phase, increasing wound
breaking strength compared with their control groups (p <
0.05), there was no statistically significant difference between
the two treatment groups (p > 0.05). We conclude that ES and
laser treatment both have beneficial effects during the inflammatory, proliferation, and maturation phases of a wound. Both
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INTRODUCTION
Wound healing, the result of a complex tissue repairing process, is a continuing challenge in rehabilitation
medicine. Despite some recent advances in understanding its basic principles, problems in wound healing continue to cause significant morbidity and mortality [1].
Studies on wound healing have increased our knowledge
and understanding of pressure ulcers [2], an important clinical

Abbreviations: ES = electrical stimulation, GaAs = gallium
arsenide, PNL = polymorphonuclear leukocytes.
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problem, but they remain the second most frequent cause
of death in patients with spinal cord injury. A great number of studies have been conducted on the acceleration of
wound healing, attainment of normal breaking strength,
and prevention of keloid and scar formation. Recently, it
was reported that both electrical stimulation (ES) and
laser treatment facilitate and accelerate wound healing,
and also improve scar quality [3–14]. The literature does
not compare ES with laser treatment on acceleration of
wound healing and quality of scar formation. In this
study, we aimed to investigate and compare the effects of
ES and laser treatment on wound healing. We performed
a randomized-controlled trial to evaluate the wound healing process according to its various phases.

METHODS
The study included 124 healthy female Swiss-Albino
rats, each 200 to 240 g and 8 to 10 months of age. The
study was conducted at the Experimental and Clinical
Research Centre of Erciyes University in Kayseri, Turkey. All rats were housed in metal cages at 15 ºC to 18
ºC, with 12 hours per day of light, and fed standard rat
chow and water. After a 6 cm linear incision was made at
the dorsal skin, the rats were randomly divided into 4
groups of 30 rats each. The treatment protocols used were
ES in Group 1, control ES in Group 2, laser in Group 3,
and control laser in Group 4. In all groups, histopathologic and biochemical evaluations were conducted on the
4th and 10th days, and biomechanical tests were performed on the 25th day of the study. In addition, results
of daily macroscopic observations of the wounds were
recorded.
Surgical Procedure
After local preparation of the dorsal skin and general
anaesthesia of rats by ketamine (60 mg/kg, intraperitoneally), a 6 cm full-thickness linear incision was made 2
cm away from the dorsal midline, including the panniculuc carnosus. The incision was sutured with 5.0 prolene
intradermally. All surgical procedures were performed by
the same investigator.
Treatment Methods and Group Formation
Treatment was started in all groups within 2 h of the
surgical procedure and continued for 10 days. For Group
1, we used an ES treatment device (model Endomed 582,

Enraf-Nonius Co., The Netherlands). Carbon rubberized
electrodes were placed on pads moistened with 0.09-NS
percent sodium chloride solution. The active electrode
was placed on the incision and the passive electrode was
placed distal to the incision. Direct current of 300 µA
was applied continuously for 30 min per day, by negative
polarity for the first 3 days and positive polarity for the
next 7 days. For Group 2, we followed a similar procedure, including the saline dressing, with no current
applied (sham method). In Group 3, a gallium-arsenide
(GaAs) laser device (model Laserpet 100, Petas Co., Turkey), delivered a 904 nm wavelength, 6 mW average
power, 1 J/cm2 dosage, with a maximum frequency of
128 Hz. This dosage was delivered continuously for 10
min per day for 10 days, with a stroking method. Additional specifications of the laser device were an infrared
GaAs laser tube, 6 mW mean and 27 mW maximum
power, 15º emission angle and continuous and modulated
output type, and 1Hz to 128 Hz frequency, as well as an
output indicator, operation timer, and laser detector. For
Group 4, we followed a similar procedure, with no current applied (sham method).
All wounds were cleaned with povidon-iodine
solution every day, and the rats returned to their metal
cages. Ten rats in each group were killed with a 2 cc intracardiac KCl injection on the 4th, 10th, and 25th days.
We divided each incision into parts a, b, c, d, e, and f
(Figure 1). Parts a and c were used for histopathologic
evaluation, parts b and d for biochemical evaluation, and
parts e and f for biomechanical evaluation. Histopathologic and biochemical evaluations were performed on the
4th and 10th days, and biomechanical evaluation on the
25th day. Full-thickness samples were obtained after the
surgical process. Slides were stained with hematoxylin
and eosin for polymorphonuclear leukocytes (PNL),
macrophages, and fibroblasts by the method of Young
and Dyson [15]; Masson’s trichrome for collagen density
and arrangement by the method of Brown (personal communication, Brown M, Washington University, St. Louis,
1992); and toluidine blue for mast cells by the method of
Weiss et al. [5], for histopathologic analysis. The level of
tissue hydroxyproline was measured with the doubleblind method in parts b and d by the method of Reddy
and Envemeka for biochemical analysis [16].
For biomechanical evaluation on the 25th day, after
sacrificing the rats with the KCl injection and removing
the sutures, we used a parallel surgical blade to excise
two 10 mm strips, 6 cm long, in parts e and f of the
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Figure 1.
Model of dorsally based skin wound of rat.

wound, according to the method of Mustoe [7]. The
wound breaking strength, measured in Newtons by a tensiometer (model 4411, Instron Inc., England), provided
data to identify the maturation phase of the wound for
biomechanical evaluation by the blind method. A pneumatic action clamp was used to attach each wound part to
the testing system; then each clamped wound was pulled
to rupture at a cross-head speed of 250 mm/min to measure the breaking strength.
Statistical Analysis
A chi-squared test was used to compare the collagen
density and arrangement of the groups. The Mann-Whitney
U test was used for statistical analysis of the other
parameters.

RESULTS
A small serohemorrhagic leakage was seen within
first few days in the ES control and laser treatment control groups. The duration of the inflammatory phase was
decreased in the ES and laser treatment groups compared
with their control groups (p < 0.05). In a comparison of
the ES and laser treatment groups, ES was more effective
in decreasing the duration of this phase, particularly in
decreasing PNL, macrophages, and the number of mast
cells (p < 0.05). Both treatment modalities had a positive
effect on the proliferation phase, increasing the fibroblast
number and hydroxyproline level, and stimulating the
synthesis and organization of collagen compared with
their control groups (p < 0.05). However, there was no
statistically significant difference between ES and laser
treatment (p > 0.05). The mast cell count was lower in the

ES group compared to the laser group on the 4th day (p <
0.05); however, there was no statistically significant difference between the treatment groups on the 10th day (p
> 0.05). On the 4th and 10th days, the collagen density
and arrangement were significantly better in the ES and
laser treatment groups than in their control groups (p <
0.05), but there was no statistically significant difference
between the treatment groups (p > 0.05).
Both ES and laser treatment were found to be effective in the maturation phase, increasing wound breaking
strength compared with their control groups (p < 0.05),
but there was no statistically significant difference
between the treatment groups (p > 0.05).
Overall results are summarized in Tables 1, 2, 3, and
4 and Figures 2, 3, and 4.

DISCUSSION
Numerous recent studies, focused on accelerating
wound healing and considerably improving the strength
and quality of scar formation, have emphasized the efficacy of ES in this process [3–8,17–19]. The beneficial
effects of laser treatment on wound healing and qualified
scar formation have also been reported [9–14,20,21]. In
this study, we aimed to compare the effects and efficacy
of ES and laser treatment on wound healing and scar formation. Our study designed considered the various
phases of wound healing, a very important subject in
experimental clinical studies.
The cells have a complex electricity that is sensitive
to changes in electrical fields. Metabolic, immunologic,
and physiologic changes have been found to develop in
different cell cultures after electrical current is applied
[3]. A small amount of voltage, which is produced as
long as the collagen bundle is subjected to stress, is necessary for production, continuity, arrangement, and
absorption of the collagen. It has been suggested that the
recorded current in experimental wounds triggers wound
healing [22]. Because of this effect, we used exogenous
electrical current to accelerate wound healing and obtain
a stronger scar [23,24]. ES with different polarities has
been reported to increase the breaking strength of the
wound, which would increase naturally after 3 weeks
[25]. We applied negative polarity for the first 3 days and
positive polarity for the next 7 days, based on the antibacterial effect of the negative polarity and epithelization
effect of positive polarity.
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Table 1.
Analysis of data on 4th day.

Parameters

Electrical
Stimulation
(n = 10)

Sham
Electrical
Stimulation
(n = 10)

X ± SD

X ± SD

p

Laser
Treatment
(n = 10)

Sham
Laser
Treatment
(n = 10)

X ± SD

X ± SD

p

Polymorphonuclear leukocytes

12.40 ± 1.14

51.20 ± 1.30

<0.05

17.40 ± 1.14

61.00 ± 5.24

<0.05

Macrophages

19.60 ± 1.14

30.60 ± 0.89

<0.05

25.60 ± 1.14

35.60 ± 0.89

<0.05

Mast cells

20.40 ± 1.14

20.20 ± 1.48

>0.05

24.20 ± 0.84

17.60 ± 0.55

<0.05

Fibroblasts

82.20 ± 1.14

36.80 ± 0.84

<0.05

82.60 ± 2.07

32.80 ± 2.17

<0.05

0.59 ± 1.14

0.11 ± 0.03

<0.05

0.62 ± 0.02

0.14 ± 0.04

<0.05

Hydroxyproline (mg/gr)

Table 2.
Analysis of data on 10th day.

Electrical
Stimulation
(n = 10)

Parameters

Polymorphonuclear leukocytes
Macrophages
Mast cells
Fibroblasts
Hydroxyproline (mg/gr)

X ± SD
2.60 ± 1.32
14.00 ± 1.30
7.00 ± 0.71
115.20 ± 1.92
0.99 ± 0.13

Sham Electrical
Stimulation
(n = 10)
X ± SD
37.40 ± 3.05
27.80 ± 1.30
33.40 ± 1.14
51.8 ± 1.92
0.22 ± 0.01

p
<0.05
<0.05
<0.05
<0.05
<0.05

Laser
Treatment
(n = 10)

Sham
Laser
Treatment
(n = 10)

X ± SD
8.60 ± 1.52
17.40 ± 1.14
6.20 ± 0.84
113.20 ± 4.09
1.01± 0.13

X ± SD
43.20 ± 1.79
27.40 ± 0.89
22.80 ± 0.84
53.00 ± 2.83
0.22 ± 0.01

p
<0.05
<0.05
<0.05
<0.05
<0.05

Table 3.
Comparison of data on 4th and 10th days.

4th Day
Parameters

Polymorphonuclear leukocytes
Macrophages
Mast cells
Fibroblasts
Hydroxyproline (mg/gr)

Electrical
Stimulation
(n = 10)
X ± SD
12.40 ± 1.14
19.60 ± 1.14
20.40 ± 1.14
82.20 ± 1.48
0.59 ± 0.01

10th Day
Laser
Treatment
(n = 10)
X ± SD
17.40 ± 1.14
25.60 ± 1.14
24.20 ± 0.84
82.60 ± 2.07
0.62 ± 0.02

Laser treatment also has been studied in wound healing. Currently, it is used in decubitis and diabetic ulcers,
open wounds, venous ulcers, graft ulcers, incisions, lacerations, and burns. Studies in vivo and in vitro showed that
the laser treatment accelerated the biochemical reactions,

Electrical
Stimulation
(n = 10)
p
<0.05
<0.05
<0.05
>0.05
>0.05

X ± SD
2.60 ± 1.32
14.00 ± 1.30
7.00 ± 0.71
115.20 ± 1.92
0.99 ± 0.13

Laser
Treatment
(n = 10)
X ± SD
8.60 ± 1.52
17.40 ± 1.14
6.20 ± 0.84
113.20 ± 4.09
1.01± 0.13

p
<0.05
<0.05
>0.05
>0.05
>0.05

fibroblast activity, collagen metabolism, neovascularization, qualified scar formation, and wound formation [9–
14,20,21]. The issue of “significant” thermal change is
controversial, although it is concluded in some textbooks
and books that the low-energy laser does not produce
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Table 4.
Comparison of wound breaking strength on 25th day.

Breaking strength (N)

Electrical
Stimulation
(n = 10)
X ± SD
7.77 ± 1.42

Sham Electrical
Stimulation
(n = 10)
X ± SD
2.38 ± 0.77

significant tissue temperature changes [26,27]. Therefore,
there is no unanimous agreement on the thermal effects
and treatment protocol of laser treatment on wound healing, and more studies are required in this field. Recommendations vary widely for the optimal energy under
different conditions; the usual ranges are from 0.5 to 10 J/
cm2 [27]. Generally, a laser with a wavelength of 600 to
984 nm is used in physical medicine, and a wavelength of
632.8 nm for a helium-neon laser and 904 nm for a GaAs
laser are used most frequently in wound healing [9–

Figure 2.
Graph of data on 4th day.

Figure 3.
Graph of data on 10th day.

Laser Treatment
(n = 10)
p
<0.05

X ± SD
6.76 ± 1.32

Sham Laser
Treatment
(n = 10)
X ± SD
1.84 ± 0.61

p
<0.05

14,27]. For our study, therefore, we used a GaAs laser
with a wavelength of 904 nm and power of 1 J/cm2.
Wolcott et al. [28] and Gaulth et al. [29] concluded
that negative polarity had an antibacterial effect. Takan et
al. [8] reported that the PNL number was found to be
lower in the ES group compared with the sham ES group
on the 4th and 10th days after application of negative
polarity for 3 days. In our study, we found significantly
decreased PNL numbers in the ES group compared with
the sham ES group on the 4th and 10th days after application of negative polarity for 3 days.
Laser treatment was also reported to have an antibacterial effect, by inhibiting proliferation of bacteria in cultures and stimulating the phagocytic activity of
leukocytes in vitro [30]. In our study, the PNL number
was increased in the laser treatment group compared with
the sham laser treatment group. This finding indicates
suppressed inflammation, which is desired in clean
wound healing. Some authors report that low-energy
laser treatment decreases the duration of the inflammatory phase [14,31]. We, too, found a decreased number of
macrophages in the laser treatment group compared with
the sham laser treatment group. However, we did not find
any previous study in the literature reporting on the
effects of laser treatment on the number of macrophages.
When we compared these two treatment modalities
in the inflammatory phase, the numbers of PNL and macrophages were found to be more decreased in the ES
group than in the laser treatment group. This difference
indicates that ES decreased the duration of the inflammatory phase significantly more than the laser treatment.
ES has a galvanotaxis that is described as a migration
of myofibroblast, fibroblast, and epithelial cells [23,32–
34]. Alvarez et al. reported that direct electrical current
increased the migratory and proliferative activity in incisional skin wounds in pigs [3]. ES treatment allows the
wound to reach the phases of proliferation earlier [25,35].
The difference in the fibroblast number between the ES
and the ES sham groups in our study on the 4th day indicates the beneficial effect of ES treatment on the early
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consequently, it increases the wound healing process. In
addition, laser treatment is beneficial during all three
phases—inflammatory, proliferation, and maturation—
by stimulating fibroplasia, which in turn increases wound
breaking strength and consequently accelerates the
wound healing process.

CONCLUSION
Figure 4.
Graph of data on 25th day.

proliferative phase, and this finding correlates with the
literature.
Also, in some studies, the fibroblast number was
higher in the laser treatment group compared with its
control group [9,12]. In our study, we found that the
fibroblast number was more increased in the laser treatment group than in the sham laser treatment group on the
4th and 10th days. This finding indicates that laser treatment is beneficial at the earliest stages and for the continuity of the proliferative phase, which is in accordance
with the literature.
Tissue hydroxyproline level is accepted as an important parameter in the evaluation of collagen metabolism
[36]. In some studies, the hydroxyproline level was found
to be higher in the ES group than in the sham ES group
[3,8]. We, too, found a significantly increased level of
hydroxyproline in the ES group compared to the sham ES
group on the 4th and 10th days.
During the maturation or remodeling phase, the last
and longest phase of wound healing, the most important
development is the remodeling and maturation of collagen. The wound breaking strength is used for the biomechanical evaluation of the wound in this phase.
Breaking strength increases significantly after the third
week of healing; therefore we measured the wound
breaking strength on 25th day. Both ES and laser treatment increased the wound breaking strength significantly
compared with their control groups, which is also consistent with the literature [3,8,10,11,13]. No statistically significant difference could be found in the wound breaking
strength between the ES and laser treatment groups. Ours
is the first reported data on this parameter to appear in the
literature.
As a result, we conclude that ES is beneficial during
the inflammatory phase with negative polarity, and in the
proliferation and maturation phase with positive polarity;

Both ES and laser treatment have been found effective in the qualified and early scar formation. We conclude that they can be used in decubitis ulcers and
chronic wound treatment, in combination with conventional therapies such as daily care and debridement of
wounds. ES is more effective than laser treatment in the
inflammatory phase.
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