
JRRDJRRD Volume 45, Number 1, 2008

Pages 153–160

Journal of Rehabil itation Research & Development
Effect of anodal and cathodal microamperage direct current electrical 
stimulation on injury potential and wound size in guinea pigs

Gadamali Talebi, MSc;1 Giti Torkaman, PhD;1* Mohammad Firoozabadi, PhD;2 Shams Shariat, PhD3

Departments of 1Physical Therapy and 2Medical Physics, Tarbiat Modares University, Tehran, Iran; 3Tehran Medical 
Sciences University, Tehran, Iran

Abstract—Injury potential may have a regulatory role in the
wound healing process, and exogenous electrical stimulation
(ES) may mimic natural endogenous bioelectric current that can
improve wound healing. Until now, the influence of externally
applied ES on injury potential has not been demonstrated during
the healing of acute wounds. Thirty-nine male guinea pigs were
randomly divided into a control group (sham treatment) and two
experimental groups: anodal and cathodal direct current (DC).
A 2.5 cm-long full-thickness skin incision was made on each
animal’s dorsal region. Differential skin surface potential was
measured before and immediately after the injury and also
through day 21 of the healing period; wound surface area
(WSA) was also measured throughout the 21-day healing
period. Immediately after injury, wound potential significantly
increased in all three groups, reaching a maximum on day 1 for
the control and cathodal groups and day 3 for the anodal group
(p < 0.05), then decreasing through the healing period. Wound
potential returned to preinjury levels by the end of the healing
period in the anodal group only. By days 19 and 21, wound
potential had decreased more for the anodal group than the con-
trol group (p < 0.05). By day 15 for the anodal group and day 17
for the cathodal group, WSA had decreased more compared
with the control group (p < 0.05). Anodal microamperage DC
ES is appropriate for improving the healing of acute skin
wounds because it causes both the wound surface to close and
the wound potential to return to preinjury levels faster.

Key words: anodal, cathodal, direct current, electrical stimula-
tion, full-thickness skin wound, guinea pig, injury potential,
microamperage, rehabilitation, wound healing, wound surface
area.

INTRODUCTION

Skin wounds can be a major medical, social, and eco-
nomic problem for patients [1]. Chronic ulcers (pressure
sores, diabetic ulcers, venous stasis ulcers, nonhealing
ulcers, etc.) are especially troublesome problems, with
complex and not totally understood etiologies, that affect
numerous patient populations. Studies on the acceleration
of wound healing are very important for some specialists
(rehabilitation medicine, dermatologists, surgeons, etc.).
During the last several decades, many physical modalities,
including ultraviolet radiation, electrical stimulation (ES),
pulsed electromagnetic fields, low-energy laser, and ultra-
sound, have been used to promote wound healing [1–7]. Of
all the physical modalities used to augment wound healing,
the greatest amount of evidence supports the use of ES
[1,8–12]. These studies evidenced two important findings.
First, human or animal skin possesses endogenous electri-
cal potentials such that the external skin surface is always
electronegative with respect to inner skin layers [13–14].

Abbreviations: ANOVA = analysis of variance, DC = direct
current, DSSP = differential skin surface potential, %DWP =
percent decreased wound potential, %DWSA = percent
decreased wound surface area, ES = electrical stimulation,
HVPC = high voltage pulse current, WSA = wound surface area.
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Second, wound sites are positive compared with surround-
ing intact skin [15–17]. Because of potential differences
between the injury site and the surrounding intact skin, a
low-intensity direct current (DC) flows between them [13–
14]. In actuality, following tissue damage, an injury cur-
rent is generated that is thought to trigger biological repair
[14,18–19]. Based on these finding, researchers have pro-
posed that external ES may help healing through the simu-
lation and enhancement of natural bioelectric currents
[3,13,19–20]. This theory is considered one of the most
important mechanisms of the effectiveness of ES on
wound healing [1,3]. However, the actual effect of ES on
injury potential in acute wounds during the healing process
has not been studied.

Skin potential has typically been studied through trans-
cutaneous potential measurement (the potential difference
between the outer skin surface and the inner skin layers),
which is an invasive method [14–15,21–22]. An electrode
must be inserted into the skin and another movable elec-
trode placed on the skin. To measure the transcutaneous
potential, researchers must puncture the epidermis [23]. In
this method, the epidermal puncture will inevitably gener-
ate additional injury potential. Therefore, to evaluate
wound potential during healing, we selected the differen-
tial skin surface potential (DSSP) measurement technique.
In this method, two surface electrodes are placed at spe-
cific locations along with a single reference electrode that
is common to all sites and we measure the surface potential
difference between any two of the electrodes [24–26].
With the DSSP technique, we anticipate that factors
including age, sex, and environmental variables, such as
temperature and humidity, will affect both electrode sites
similarly and therefore not result in a change in DSSP
magnitude [23].

This study was designed to answer the following
questions: Does externally applied ES influence wound
potential? Does ES return wound potential to preinjury
levels sooner? What is the relationship between changes
in wound potential and wound surface area (WSA)?
Which DC ES polarity has better effects on the return of
wound potential to preinjury levels and wound closure?
Does a valid and reliable relationship exist between dif-
ferential potentials recorded from the skin surface and the
progress of a skin lesion from injury to recovery? This
study investigated the effects of anodal and cathodal
microamperage DC ES on wound potential and WSA in
guinea pigs.

MATERIALS AND METHODS

Animals
In this investigation, we used 39 healthy, male, adult,

albino, Dunkin-Hartley guinea pigs (Pasteur Institute;
Tehran, Iran) weighing 350 to 400 g. The animals were
maintained in special cages according to the controlled con-
ditions in the experimental guidelines of Tarbiat Modares
University. Food was accessible to the animals without any
limitation until 12 hours before the surgery. The study was
approved by the Ethical Commission of Tarbiat Modares
University.

Differential Skin Surface Potential Measurement
For the endogenous potential measurement, we used a

custom-designed differential amplifier device (BPT Co;
Tehran, Iran), with an input impedance of 108 Ω and a
common mode rejection ratio of 100 db. To omit any alter-
native current, electromyography, or other interference sig-
nals, we used a 0.25 Hz low-pass filter. To amplify the very
small skin potential signals, we set the gain of device at 10.
Predetermined voltages were generated by an instrument
signal generator (model FG-330; Iwatsu, Japan) and meas-
ured with a custom-designed potentiometer to ensure elec-
tronic calibration. We observed that the custom-designed
differential amplifier could read the predetermined voltages
correctly. The measurement setup included the custom-
designed differential amplifier instrument and a digital
multimeter (Digital HiTester, model 3801; Hioki EE Corp,
Japan) that digitally displayed the recorded differential
potential. Initial measurements demonstrated that the
recorded signals fluctuated greatly initially but achieved
stability ~15 minutes after electrode application. Therefore,
each data acquisition session was 20 minutes long.

In four animals, the potential difference between the
two skin sites was measured three times and continued
for 4 days. Analysis of variance (ANOVA) showed no
significant differences between the mean potentials on
the different days. Therefore, the designed potentiometer
is reliable for repeated measurements.

Surgical Procedure
After weighing them, we anesthetized the animals

using a mixture of xylazine (20 mg/mL) and ketamine
hydrochloride (100 mg/mL) (xylazine:ketamine ratio of
1:8 cc and dose of 1 cc/kg) [27]. The hair on the middle of
the back of each guinea pig was shaved and the area was
cleaned with Betadine® antiseptic solution. Following the
sterilization, we made a 2.5 cm-long full-thickness incision
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at a distance of 1 cm from the spine on the right side of the
paravertebral region (Figure 1).

Treatment Protocol
Thirty-nine guinea pigs were randomly divided into

one control and two experimental groups. Each group
included 13 animals. Treatment began 24 hours after
injury. Electrodes were placed on sterile pads moistened
with saline solution. An active treatment electrode was
placed on the wound and a passive indifferent electrode on
the opposite side of the paravertebral region and as far
away as possible from the wound. In one of the experimen-
tal groups, the polarity of the treatment electrode was
anodal throughout the 3-week healing period. In the other
experimental group, the polarity of the treatment electrode
was cathodal throughout the 3-week healing period. To pre-
vent electrode displacement, we tied the electrodes tightly
using straps. Using a stimulator device (BTL 5000 series;
BTL Industries, Ltd, United Kingdom), we applied micro-
amperage DC ES with an intensity of 600 A, for 1 h/day,
three times a week, for 3 weeks. These treatment parame-
ters are used in many other studies [28–29]. In the control
group, electrodes were similarly placed on the wound site
but no current was applied.

Measurements
We measured the DSSP of the wound site relative to

the adjacent intact skin at a distance of 2 cm; the refer-
ence electrode was always placed distally on intact skin
(Figure 2). The DSSP of the wound was measured before
injury, immediately after injury, and once a day through-
out the healing period. In each session, we measured the
wound potential three times for 20 minutes each time.

Also, the WSA was measured daily throughout the
healing period. The percent decreased WSA (%DWSA)
from the initial evaluation was calculated for each ani-
mal by

To improve the accuracy of these measurements, we
anesthetized the animal and traced each wound three times.
Tracing was performed with transparent plastic paper, and
WSA was calculated by planimetry. We identified the trac-
ings with code numbers to exclude observer bias.

In addition, the weekly healing rate (%DWSA in
each week) was calculated during the first, second, and
third weeks (comparison of WSA on the first and seventh
day of each week) by

RESULTS

Changes in Injury Potential
Before wounding, the mean ± standard deviation

DSSP was –0.5 ± 1.75 mV for the control group, 0.09 ±
0.82 mV for the cathodal group, and –0.42 ± 1.15 mV for
the anodal group. Paired t-tests showed that in each
group, the wound site differential potential (wound poten-
tial) increased significantly immediately after wounding
(p < 0.05) (Figure 3). The maximum wound potential
value was not obtained immediately after injury but
occurred 1 day later in the control and cathodal groups
and 3 days later in anodal group. After these maximum

Figure 1.
Sample of full-thickness skin wound on guinea pig 1 day after incision.

%DWSA initial WSA WSA on each day–( ) initial WSA⁄[ ] 100 .× 1( )=

%DWSA in week WSA on 1st day in week –([=

WSA on 7th day in week )/ WSA on 1st day in week ] 100×( ) . 2( )

Figure 2.
Setup for measuring wound site differential potential.
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levels, wound potential decreased progressively through
the healing period in all the groups.

Also, ANOVA revealed no significant differences
between groups in baseline potential before wounding
(p > 0.05). The measured potential on days 19 and 21 was
significantly lower in the anodal group compared with the
control group. No significant differences were found
between the cathodal and control groups for any testing
day. Although the measured potential in the cathodal
group was lower than the control group in the third week,
this difference was not significant.

Paired t-tests for the anodal group found no signifi-
cant differences between the mean potentials before
wounding and on days 17, 19, or 21 (p > 0.05). For the
control and cathodal groups, significant differences were
found between the mean potentials before wounding and
all days after injury (p < 0.05). Wound potential changes
for the different groups are shown in Figure 3.

Changes in Wound Surface Area
Kolmogorov-Smirnov tests demonstrated that the

WSA on the first day after injury had a normal distribu-
tion in all of the groups. No significant differences were
found between the groups for WSA on the first day after
injury (p > 0.05). %DWSA was significantly higher in
the anodal group than control group on days 15, 17, 19,
and 21. Also, %DWSA was significantly higher in the
cathodal group than the control group on days 17, 19, and
21. Although %DWSA in the anodal group was higher
than the cathodal group in the third week, this difference
was not significant (p > 0.05). WSA changes for the dif-
ferent groups are seen in Figure 4.

Comparison of %DWSA during each week demon-
strated that wound size decreased through the second
week in each of the three groups (Table 1).

ANOVA revealed that %DWSA in the anodal group
was significantly greater than the control group by the
third week (p < 0.05), but differences between the anodal
and cathodal groups and between the cathodal and con-
trol groups were not significant (p > 0.05).

Correlation Between Changes in Wound Potential 
and Wound Surface Area

We found that the endogenous potential of the wound
site decreased progressively as WSA decreased. After
reaching a peak value, the endogenous potential of the
wound site decreased in all the groups and approached
baseline values. The greatest correlation between wound
potential and WSA was observed for the anodal group
(R2 = 0.94). Comparison of %DWSA and percent decreased
wound potential (%DWP) from its peak value supports this
finding (Table 2).

DISCUSSION

The overall pattern of changes in the endogenous
potentials of injured skin was similar in control and
experimental groups. After wounding, the endogenous
potentials of injured skin were positive relative to the
intact surrounding skin and reached their peak values
1 day (control and cathodal groups) or 3 days (anodal
group) later. Afterward, the endogenous potentials of
injured skin decreased with the progression of the healing

Figure 3.
Changes in differential skin surface potential (DSSP) of wound site for
three different groups through healing period (day 21). Error bars
represent standard error of the mean. Post = postinjury, Pre = preinjury.

Figure 4.
Changes in wound surface area (WSA) for three different groups
through healing period (day 21). Error bars represent standard error of
the mean.
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process but remained positive relative to the intact
surrounding skin throughout the 3-week healing period.
Cunliffe-Barnes [16], Illingworth and Barker [17], and
Jerinovi et al. [24] reported that endogenous electrical
potentials of wounds remained positive compared with
surrounding intact skin throughout the healing process.
But Bur et al. [30], Becker [31], and Chang and Snellen
[32] found that the charge of endogenous potentials can
change during healing.

In the control group, %DWSA was greater compared
with %DWP from its peak value. This finding indicates
that skin closing in acute wounds under usual conditions
(without externally applied current) occurs faster than
wound potential returns to preinjury levels. Wound clo-
sure may occur faster for two reasons. First, closing of
the wound surface may be a more important response for
the body. Endogenous electrical currents may stop in
infectious and chronic conditions and return to initial pre-
injury levels with delay [3]. Faster wound closure pre-
vents wounds from becoming infected and chronic and,
therefore, helps wound potential return to preinjury lev-
els. The second reason may be the mechanisms that pro-
duce the basal skin potential. These mechanisms are
multiple and complex and include epidermal membranes,
“skin battery” (voltage across the epidermis), sweat
glands, and some diffusion and active-pumping mecha-

nisms [13–14,21–22,33]. As a result, the return of wound
potential to preinjury levels is a more prolonged and
complex process that occurs slower than wound closure.

In the cathodal group, %DWSA was 97.53 percent
and %DWP from its peak value was 83.16 percent, but in
the anodal group, the amount of wound closure and the
amount of wound potential that returned to initial prein-
jury levels was the same (Table 2). Also, the greatest
correlation between these two variables was observed in
the anodal group. These findings demonstrate that anodal
DC ES could return wound potential to preinjury levels
sooner and reduce the gap between wound closure and
return of wound potential to preinjury levels.

We found that the endogenous potentials of injured
skin returned to preinjury levels by the end of the third
week in the anodal group only. Also, the endogenous
potentials of the injured skin in the anodal group decreased
more by days 19 and 21 compared with the control group,
whereas the differences between the two experimental
groups were not significant. This finding also supports that
anodal DC ES can return the endogenous potentials of
injured skin to preinjury levels faster by precipitating
endogenous bioelectric events of the wound.

Some authors have proposed that endogenous bio-
electric currents of a wound may play an important role
in attracting epithelial cells and, therefore, in closing the
wound surface [13,34]. Injured skin possesses a positive
charge compared with the surrounding intact skin, and
epithelial cells may migrate toward this positive charge
[8,16]. Based on these findings, anodal microamperage
DC ES can improve wound closing by accelerating the
endogenous bioelectric events of the wound and attract-
ing the epithelial cells. Karba et al. reported that the
endogenous electric conditions in the skin were closely
approximated with external ES when the wound surface
was covered with the positive stimulation electrode while
the negative electrode was applied to the tissue surround-
ing the wound [9].

Comparison of %DWSA in different groups demon-
strated that anodal stimulation was more successful in
closing the wound surface. Although both anodal and
cathodal stimulation reduced the wound surface more
than the sham treatment, in the anodal group, the signifi-
cant reduction with respect to the control group occurred
sooner. Additionally, %DWSA was significantly higher
in the anodal group compared with the control group
through the end of the healing period, while the differ-
ence in %DWSA between the cathodal and control
groups was not significant.

Table 1.
Mean ± standard deviation percent decreased wound surface area for
three different groups through healing period (day 21).

Group Through
1st Week

Through
2nd Week

Through
3rd Week

Control 14.62 ± 12.41 74.89 ± 11.08 68.26 ± 17.63
Cathodal 17.10 ± 9.80 82.77 ± 11.36 83.25 ± 23.56
Anodal 23.08 ± 9.89 84.42 ± 10.53 90.30 ± 12.24*

*Significantly different from control group, p < 0.05.

Table 2.
Correlation between changes in percent decreased wound surface area
(%DWSA) and percent decreased wound potential (%DWP) for three
different groups.

Group %DWSA
Day 21

%DWP Peak
to Day 21

Correlation 
Between %DWSA 
and %DWP (R2)*

Control 92.17 73.89 0.74
Cathodal 97.53 83.16 0.88
Anodal 98.52 98.44 0.94
*Significant correlation between %DWSA and %DWP for all groups, p < 0.05.
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Alvarez et al. reported that positive polarized current
caused more rapid epithelialization with respect to a con-
trol group [10]. Also, Mertz et al. [8] and Brown et al.
[11–12] found that anodal high voltage pulse current
(HVPC) improved epithelialization more rapidly com-
pared with cathodal HVPC.

Our study showed that anodal microamperge DC ES
is appropriate for wound closure and return of skin poten-
tial to preinjury levels.

CONCLUSIONS

Our findings demonstrate that endogenous electrical
potentials of injured skin play an active role in healing and
correlate with WSA. For all the groups, in addition to
increased wound closure, the endogenous potentials of the
injured skin approached preinjury levels, but by day 21, the
electrical potential of the wound site remained positive
compared with the surrounding intact skin. Apparently, the
use of anodal microamperage DC ES is more appropriate
for improving the healing of acute skin wounds because it
causes both wounds to close and wound potential to return
to preinjury levels faster. We suggest that endogenous
potentials of injured skin be studied in infectious and
chronic conditions and the effects of DC ES on these
endogenous electrical potentials be examined.
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