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We conducted this study to investigate the therapeutic effect of acidic wound environment (AWE) using
iontophoresis on healing of chronic wounds. sixty patients who suffered from chronic wounds with their
ages ranged from 40-60 years were randomly selected and divided into three equal groups which of
them composed of 20 patients. Group (A): managed by acetic acid iontophoresis (AAI), for six weeks
three sessions/week in addition to medical care, while group (B): received topical acetic acid (AAT)
through dressings 3 times/week for six weeks in addition to medical care. Patients in Group (C),
received only medical care. All patients were assessed for pH values and wound surface areas before
the beginning of study, after 3 weeks and after 6 weeks of treatment. Results: there is a statistically
significant improvement in wound surface areas in group A and B which were managed by acetic acid
whether by iontophoresis or topically respectively when compared to group C and there is no significant
difference between group A and group B. Conclusion: it is concluded that modulation of wounds
environment pH using acetic acid (AA) whether through iontophoresis or topically is an effective
approach in healing of chronic wounds when compared to traditional medical treatment, but there is no
significant difference between application of AA through iontophoresis or topically.
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INTRODUCTION
Chronic wounds are ones that don't follow the
normal sequence of healing either temporal or
spatial; they are associated with high morbidity
and cause significant disabilities (Armstrong et al.,
2011).
There are different causes of chronic wounds;
most of them (90 %) fall in three main categories:
venous ulcers, diabetic ulcers and pressure ulcers
(Menke et al., 2007).
It is important to understand and identify the
different
challenges
in
chronic
wounds
management to achieve the best clinical
outcomes, enhance patients quality of life and
decrease the large burden on medical care
systems (Frykberg and Banks, 2015).

One of the least investigated and appeared
recently to the forefront of research of chronic
wounds is pH value. Long lasting wounds were
found to have a higher pH values (more alkaline)
and several studied tried to shift the wound
environment toward the acidic one (Jones, 2016).
Several agents like honey, occlusive carbon
dioxide, citric acid and acetic acid (AA) have been
studied for modulating wounds pH (Shukla et al.,
2007, Gethin and Cowman, 2006).
One of the most investigated agents is (AA), it
is a weak acid which has bactericidal effects,
enhances wound healing and enzymatic activity
(Percival et al., 2014).
The optimal healing processes are supported
by weak acidic pH environment. This AWE inhibits
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bacterial growth, decreases proteolytic enzymes
activity, promotes oxygen supply and enhances
growth of fibroblast (Wilson et al., 2011).
Iontophoresis is a method of delivering
charged substances, drugs or medications
through skin using a direct electrical current, it
depends on the fact that similar charged ions will
repulse and this can be applied when using
substances of the same polarity of the electrode
of iontophoresis unit (Anilkumar et al., 2010).
In this study, we tried to modulate wounds pH
using AA iontophoresis to get the benefits of AWE
of chronic wounds and benefits of iontophoresis.
MATERIALS AND METHODS
Sixty patients (males and females) suffered
from chronic wounds participated in our study,
their ages ranged from 40-60 years. All patients
applied for informed written consent, the study
was conducted in the outpatient clinic in Faculty of
Physical Therapy, and Cairo University hospitals
between June 2016 and November 2017.
Patients were randomly classified into 3 equal
groups each of them composed of 20 patients.
Group (A): managed by AAI in addition to medical
treatment, Group (B): treated by AAT in addition
to medical care and Group (C): received only
medical traditional intervention.
Evaluative procedures:
Patients in all groups were assessed for pH
values and wound surface areas by pH meter
(Model 350 pH meter Jenway, Made in England)
and tracing method respectively before beginning
of the study, after 3 weeks and after 6 weeks of
interventions.
pH meter was calibrated before measurements
using three points caliberation.
Intervention procedure:
in group (A), an iontophoresis unit (Enraf Nonius
Endomed 982, made in Holland) was used for
introduction of AA to chronic wounds. We used a
solution of AA with low concentration (1%), it is
delivered through the negative electrode, a
dressing irrigated and soaked with 1% AA and the
electrode was implanted through the dressing and
fixed on the wound area. In group (B), the patients
managed by AA (1%) through dressing, while in
group (C), the patients received only medical
treatment.
Statistical Analysis:
-To compare the mean age of different
groups, we performed Descriptive statistics and

ANOVA-test. We used ANOVA test to compare
between pre and post treatment measurements of
pH and wound surface area between the three
groups. Post-hoc tests using the tukey's test were
carried out for subsequent multiple comparison.
-ANOVA with repeated measures was conducted
for comparison between pre, post I and post II
measurements of pH and wound surface area in
each group. Post-hoc tests using the Bonferroni
test were carried out for subsequent multiple
comparison.
- We set the significance level at p < 0.05.
-We performed all statistical procedures through
using (SPSS) version 19 for windows.
RESULTS
Age:
The mean ± SD age of group A was 15.7 ±
5.66 years, with maximum value of 60 years and
minimum value of 40 years. The mean ± SD age
of group B was 15.35 ± 6.4 years, with maximum
value of 60 years and minimum value of 15 years.
The mean ± SD age of group C was 15.25 ± 7.8
years, with maximum value of 60 years and
minimum value of 40 years. There was no
significant difference between the three groups in
the mean age values (p = 0.59).
pH values:
Before the beginning of the study, the mean ±
SD pH pretreatment of group A, B and C were
8.21 ± 0.42, 8.05 ± 0.53 and 8.19 ± 0.5
respectively. There was no significant difference
in the pH between the three groups pretreatment
(p = 0.53). After 3 weeks of the beginning of the
study (post I),there was a significant difference
between group A, B and C in pH values at post I
(p = 0.0001) as in table1.
Further comparisons showed that the mean
difference between group A and B was 0.07.
There was no significant difference in pH between
group A and B at post I (p = 0.84). The mean
difference between group A and C was -0.89.
There was a significant decrease in pH of group A
compared with that of group C at post I (p =
0.0001).The mean difference between group B
and C was -0.96. There was a significant
decrease in pH of group B compared with that of
group C at post I (p = 0.0001).
After 6 weeks of the beginning of the study
(post II), there was a significant difference
between group A, B and C in pH at post II (p =
0.0001) as showed in table 2.
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Table 1. Comparison of mean values of pH between group A, B, and C at post I:
pH

 ± SD
Group A

Group B

F- value

p- value

Sig

27.96

0.0001

S

Group C

7 ± 0.44 6.93 ± 0.52 7.89 ± 0.36

 : Mean

p- value: Probability value

SD: standard deviation

S: Significant

Table 2. Comparison of mean values of pH between group A, B, and C at post II:
pH

 ± SD
Group A

Group B

F- value p- value
Group C

5.93 ± 0.4 5.99 ± 0.62 7.36 ± 0.48

 : Mean

Sig

p- value: Probability value

49.41

0.0001

SD: standard deviation

a

S
S: Significant
b

Figure.(1): Post I(a) and post II(b) mean values of wound surface area of group A, B, and C.
Further comparisons showed that the mean
difference between group A and B was 0.06.There was no significant difference in pH
values between group A and B at post II (p =
0.93).The mean difference between group A and
C was
-1.43.There was a significant decrease
in pH values of group A compared with that of
group C at post II (p = 0.0001).The mean
difference between group B and C was -

1.37.There was a significant decrease in pH
values of group B compared with that of group C
at post II (p = 0.0001).
wound surface area values:
Before the start of the study, the mean ± SD
wound surface area pretreatment of group A, B
and C were 8.97 ± 2.18, 9.23 ± 3.29 and 9.08 ±
2
2.86 cm respectively. There was no significant
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difference in the wound surface area between the
three groups pre treatment (p = 0.95).
After 3 weeks of the study, there was a
significant difference between group A, B and C in
wound surface area at post I (p = 0.01). as in
(figure 1,a).
The mean difference between group A and B
was -0.26 cm². There was no significant difference
in wound surface area between group A and B at
post I (p = 0.93). The mean difference between
group A and C was -2.12 cm². There was a
significant decrease in wound surface area of
group A compared with that of group C at post I (p
= 0.01). The mean difference between group B
and C was -1.86 cm² There was a significant
decrease in wound surface area of group B
compared with that of group C at post I (p = 0.03).
After 6 weeks of the study, there was a
significant difference between group A, B and C in
wound surface area at post II (p = 0.004). (figure
1,b).
The mean difference between group A and B
was -0.42 cm². There was no significant difference
in wound surface area between group A and B at
post II (p = 0.81). The mean difference between
group A and C was -2.23 cm². There was a
significant decrease in wound surface area of
group A compared with that of group C at post II
(p = 0.005). The mean difference between group
B and C was -1.81 cm² There was a significant
decrease in wound surface area of group B
compared with that of group C at post II (p =
0.02).
DISCUSSION
Chronic wounds represent significant loads on
medical care systems and are associated with
increased morbidity rate, these wounds affect
patients quality of life and may cause significant
disabilities (Järbrink et al., 2017).
Innovations in technology are now used in
assessment and managementof chronic wounds,
one of the most updated technology is to monitor
wound environment pH and studying its impact on
healing of chronic wounds.
It is found that wounds which don’t follow the
normal sequence of healing have elevated pH
values (more alkaline), different studies are
conducted to decrease pH values of chronic
wounds and shift the wound medium toward AWE
(Jones, 2016).
Several studies made attempts to modulate
chronic wounds pH through organic acids, hony,
slightly acidic electrolyzed water and using smart
wound dressings aiming to make wounds

environment
more
acidic
(Kumar
and
Honnegowda, 2015; McLister et al., 2016;
Mohamed et al.,2015; Nagoba et al., 2011;
Nagoba et al., 2015; Prabhu et al., 2014; You et
al.,2017; and Zbuchea 2014).
In our study, we tried to modulate chronic
wounds pH by low concentration AA (1%) through
iontophoresis to investigate its effects on healing
of chronic wounds. Delivery of drugs or ions using
iontophoresis through intact skin for treatment of
various diseases has been investigated and
studied well and many different ions have been
determined and studied.
Few studies investigated the usage of
iontophoresis for delivering drugs in healing of
chronic wounds, while using AAI to modulate the
pH of chronic wounds hasn't been investigated.
Modulation of chronic wounds pH using low
concentration (1%) AA iontophoresis hasn't been
investigated before for management of chronic
wounds, so in our study we tried to introduce a
novel, simple and non-invasive approach to
manage chronic wounds.
In our study, we used low concentration (1%)
AAI to modulate chronic wounds pH and made the
chronic wound environment more acidic (weak
acidic environment).
From the previously mentioned results in our
study, it is clear that the improvement in healing of
chronic wounds in group A and group B in
comparison to group C is associated with
significant decrease in pH values (acidic) in both
groups (A and B) in contrast in group C which has
more alkaline or neutral pH values. This means
that the AWE is an effective treatment approach in
management of chronic wounds.
This improvement in healing of chronic
wounds in group A and B may be attributed to the
fact that AWE created by low concentration (1%)
AA whether through iontophoresis or topically
respectively has beneficial therapeutic effects that
can be summerazied in several points:
AWE has antibacterial effects and increases
the antimicrobial activity of topical antimicrobials
such as iodine and silver that are incorporated
into wound dressings. It is also help in alteration
of proteases activity.
AWE also assists in release of oxygen to
tissues according to Bohr effect and this is very
helpful for angiogenesis, epithelialization and
collagen production and so promote wound
healing. The AWE also help in reduction of toxicity
of bacterial end products such as ammonia which
is toxic to wound.
It is clear that AWE approach created by low
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concentration AA is associated with significant
improvement of wound healing rate in both group
A and B.
Patients in group C showed less improvement
in wound healing when compared to group A and
B, the decline in healing rate was associated with
more alkaline pH values of wound this suggested
that pH value played a vital role in chronic wounds
healing.
When comparing Group A (AAI) and group B
(AAT), the comparison showed no significant
difference in pH values or wound healing surface
areas. It is clear now that AAI has no extra
advantage over AAT and this was clear in pH and
wound surface areas measurement values.
CONCLUSION
We concluded that modulation of chronic
wounds pH toward weak acidic by AA (1%) has a
positive effect on the healing rate, and it was clear
that there was no significant difference between
using AA either through iontophoresis or topically
in management of chronic wounds.
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