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Abstract

This study was designed to evaluate the impact of gentamicin iontophoresis as a development approach of physical
therapy on infection and healing of chronic wound. Sixty participants with chronic wound infection, with an average age between
20 and 45 years old, were randomly classified into equivalent groups: the gentamicin iontophoresis group (A), and the topical
gentamicin group (B). 3 sessions a week for six weeks to both groups / 20 minutes every session. Wound volume and wound
culture were measured before, and at the end of treatment sessions. There was a non-significant difference in age (p = 0.35), and
sex distribution (p = 0.41) between both groups. There was a non-significant difference pre-treatment in wound volume (p = 0.82),
and wound culture (p > 0.05), while there was a significant reduction post-treatment in wound volume and wound culture in both
groups (p = 0.001). There was a significant reduction post-treatment in wound volume and wound culture in group (A) compared
with group B (p = 0.001). In comparison of wound culture post-treatment, there was a significant reduction in infected wounds in
the iontophoresis group (A) compared with the topical gentamicin group (B) (p<0.001). Six weeks of gentamicin iontophoresis
have a remarkable reduction of bacterial growth in the infected wound, wound volume, and an accelerating healing process. It is

considered a better treatment for chronic wound infection
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1. Introduction

Wound healing process is affected by specific local
or systemic factors. On the one hand, local factors include
infection, pain, hypothermia, and oxygenation. On the other
hand, systemic factors related to general health conditions
can affect the response of wounds to healing. Furthermore,
age, sex, and nutritional state (vitamin, protein, and mineral
incompetence), in addition to other factors, help delay or
expand healing time. [1]. Bacteria are an essential part of
healthy skin and wounds. Although existing bacteria and
biofilm formation are the critical thresholds that could affect
or delay the healing process, regardless of the recent
progress in bacterial or fungal infection management, it is
one of the most combined and painful conditions, which
leads to various complications. [2]. The secondary
complication of wound infection is skin barrier damage,
which affects physiological functions, leads to prolonged
hospital stays and morbidity complications, and may lead to
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death. [3,4].Wound care is an essential part of the treatment
routine. Chronic wound management is commonly
associated with using proper antibiotics at an adequate time
to reduce morbidity and improve quality of life. Strategies
of wound management used to promote wound healing
include cell therapy, growth factor techniques, and drug
delivery systems (DDS). [5,6]. Systemic treatments are the
first line of therapy for infection, but they have clear
disadvantages such as poor tissue penetration and various
side effects such as kidney function impairment. When
antibiotics are administered intravenously, the bacterial
strains elevate minimum inhibitory concentrations of certain
drugs, which causes restrictions on treatment and the
demand for high doses of antibiotics. This leads to
secondary complications and effects on the intestinal flora.
The method to solve such problems and reduce their side
effects is by delivering antibiotics topically with high drug
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concentrations directly to the target site without any
systemic complications. [7,8,9]. Topical antibiotics have
many potential advantages over their systematic use. It is a
recommended prophylaxis treatment for multiple cases, such
as ophthalmic, orthopedic, urological, general surgeries, and
infected wounds. [10]. According to a study approved by
the Food and Drug Administration (FDA) about safety and
efficacy of gentamicin, wound infection responded to
topical gentamycin, there was a positive effect on perineal
wound infection, and an improved healing process post-
abdominal perineal resection (APR). [7]. Gentamicin sulfate
is one of the drugs used for wound management. It is a
water-soluble aminoglycoside antibiotic that has a broad-
spectrum bactericidal effect and can inhibit both gram-type
microorganisms. It can inhibit bacterial protein synthesis via
binding with the 30S ribosomal subunit. [11].
Aminoglycoside antibiotics, including gentamicin, when
administrated topically or injected intradermally, can create
continuous new type VII collagen, improve wound closure,
and decrease new blister formation. The systemic
administration of gentamicin leads to severe side effects
such as renal and ototoxicity. [12]. Transdermal drug
delivery is one of the most valuable, noninvasive strategies
that can be used for the topical treatment of pain,
inflammation, infections, and cancer. [13]. According to a
study, iontophoresis is a physical therapy modality capable
of delivering drug molecules rapidly by applying a low
electrical current through the skin surface, enhancing the
transport of drug molecules. It is a simple mechanism that
acts as charge-repelling and opposite-charge-attracting and
can transport pharmacological molecules over a short period
of time. [14,15,16]. Physical therapy procedures were used
in previous studies to treat wounds, such as iontophoresis,
are known by their mechanism (iontophoretic transport).
The electro migration process, in which the ionized
molecule transfer is directed to the electrode with opposite
polarity, and the electro osmosis process, in which the
solvent volume migrates by the effect of current, results in
the rapid transmission of other non-charged molecules. [17].
Gentamicin is a selected medicine that can be administered
by the iontophoresis technique. Through its bactericidal
activity and its ability to decrease new blister formation, it
can improve wound closure. [11,12,13,18]. The primary
goal of the current study was to investigate the efficacy of
gentamicin iontophoresis on the infection and healing of
chronic wounds. According to the author’s information, the
efficacy of gentamicin iontophoresis on chronic wound
infection has not been studied recently. Hence, the
application of direct current iontophoresis is important for
its effect on bacterial growth and the healing of chronic
wounds. [19].

2. Materials and Methods

This study was prospective randomized clinical
trial, single-blinded, pre- and post-test. The ethical
committee of the Faculty of Physical Therapy, Cairo
University, confirmed the research conduct before initiating
(approval No. 012-003576). The participants were allocated
from Dar El Salam Hospital and El Kasr El-Aini in Cairo,
Egypt, from November 2022 to May 2023. All participants
provided their informed consent by agreeing that all their
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personal information would remain confidential for the
study only.

2.1. Participants

Sixty participants, who had chronic wound
infection, were asked to participate in this study. They were
classified randomly into two groups: the iontophoresis group
(A) consisted of 18 males and 12 females, and the topical
gentamicin group (B) consisted of 21 males and 9 females.
The meant standard deviation of age for both groups A and
B were 38.03 = 6.16 and 39.37 + 4.77 respectively. All
patients were under the supervision of a surgery specialist,
and the referral was made according to their medical history
and evaluation. The following were the inclusion criteria:
All patients with chronic localized wound infections (venous
ulcer, bed sore). Patients who participated in this study were
male and female. All participants' relatives enrolled in the
study gave their informed consent, their ages ranged
between 20 and 45 years old. Patients were excluded if they
had any other dermatological disease, lesions over the
glandular area, suspected or diagnosed heart disease,
cardiovascular instability, polyneuropathy, epilepsy, severe
hypotension, pacemaker, nails, or metal, and all patients
with sensory disorders were excluded from the study.

2.2. Randomization

Randomization was completed for 60 participants.
The researcher prepared 60 closed envelopes; everyone had
a card labeled as either Group A or Group B. Each
participant was requested to choose one closed envelope
through 1:1 simple randomization, which detected whether
they were classified into the iontophoresios group (A) (n =
30) or the topical group (B) (n = 30).

2.3. Intervention

The participants were classified into equivalent
groups randomly; each group included 30 patients.
Explanations about the objective of the study and the
efficacy of treatment were discussed with all participants.
Everyone has written their informed consent before starting
the study procedure. Everyone was informed to avoid taking
any other medical substance for wounds before starting with
adequate time, and surgical specialists at the end of the
study did re-evaluation.

Group (A) (lontophoresis Group) included thirty patients
with chronic localized wound infection who received the
same regular line of physical therapy routine in the form of
gentamicin sulfate, which was introduced to the wound site
by iontophoresis application for 20 minutes in the form of
low-intensity direct current (1 to 5mA), which was
increased gradually until a numbness or tingling sensation
was reported (3 times /week) for six weeks in addition to
medical care. Patients were encouraged to be active, and to
keep wound area in the appropriate position. Healthy
nutrition and regular wound care (debridement and dressing
routine) were maintained, recommended, and asked for
during the study.
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Group (B) (Topical Gentamicin Group) included thirty
patients with chronic localized wound infection who
received topical gentamicin sulfate applied directly to the
affected site after describing the instructions, method, and
time of application (3 times /week) for six weeks in addition
to medical care. Patients were encouraged to be active, and
to keep wound area in the appropriate position. Healthy
nutrition and regular wound care (debridement and dressing
routine) were maintained, recommended, and asked for
during the study.

2.4. Outcome measures

The assessor's author evaluated and measured the
wound volume, and wound culture for bacterial growth pre-
treatment, and at the end of treatment.

2.5. Measurement equipment
2.5.1. Wound volume assessment tools

A simple techniques was used for healing process
follow-up, and investigate the efficacy of treatment. A
graduated syringe was filled with a known quantity of
normal saline and then injected into the wound. Calculate
the volume of saline drained into the wound by subtracting
it from the original amount; the results indicate the volume
of the wound. [21].

2.5.2. Wound culture

Wound culture is a microbiological investigation of
wound environmental samples; swaps were taken and kept
in a sterilized jar, sent to the clinical laboratory within one
hour, and kept for 24 hours at 37°C. The growth of the
bacterium was assessed by biochemical tests and
microbiological investigations. [22].

2.6. Therapeutic equipment and tool

1. Gentamicin Sulfate .

2. lontophoresis device lomed PM850 phoresor Il
iontophoresis system (non —invasive drug delivery) used to
introduce the drug to group A (Study Group), with its ability
to produce conditions of direct current, it has digital screen.
Made in USA by IOMED, Model number: PM850. For
adjusting dose (mA/min), time (min/sec) and current
intensity  (mA).Direct current unite, low intensity
iontophoresis.

2.7. Statistical analysis
2.7.1. Sample size

G-Power statistical software (version 3.1.9.2; Franz
Faul, Universitat Kiel, Germany) was used to perform
calculations based on the results of wound volume from a
pilot study that involved five participants in group A and
five participants in group B. This showed that the sample
size needed for this study was 60 participants. The
calculation was done with a = 0.05, effect size = 0.74, and
power = 80%.
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2.7.2. Shapiro-Wilk test

Shapiro-Wilk test was implanted for data of normal
distribution.

2.7.3. Levene’s test

Levene’s test was implanted to ensure homogeneity
between groups (A) and (B). The significance level set at P
< 0.05. Statistical analysis was preceded by a statistical
package for the social sciences (SPSS), version 22 for
Windows (IBM SPSS, Chicago, IL, USA).

3. Results and discussion
3.1. Subject characteristics

Sixty participants diagnosed with chronic wound
infection were involved in this study. As shown in table (1),
there was a non-significant difference in age and sex
distribution between groups (p > 0.05). Chi-squared test was
implemented to compare sex between both groups. Unpaired
t-test was implemented to compare age between both
groups.

3.2. Impact of treatment on wound volume, and wound
culture

3.2.1. Within-group comparison

1. Paired t-test: was implemented to compare wound
volume between pre-treatment and post-treatment in the
iontophoresis group (A) and topical gentamicin group (B).

2. Mc Nemar-Bowker test: was implemented to compare
wound culture between pre-treatment and post-treatment in
the iontophoresis group (A) and topical gentamicin group
(B). As shown in Table 2, in comparison of wound volume,
the result showed that there was a significant reduction post-
treatment compared to pre-treatment in both group (p <
0.001). The percentage of change in the iontophoresis group
(A) was 58.86%, and in the topical gentamicin group (B)
was 39.69%. As shown in Table 3, in comparison of
infected wound cultures, the result showed that there was a
significant reduction post-treatment compared to pre-
treatment in both groups (p < 0.001). The number of patients
who had infected culture post-treatment in group (A) there
were five (16.7%), and in group (B) there were thirteen
(43.3%).

3.2.2. Between-group comparison

1. Unpaired t-test: was implemented for comparison of
wound volume between the iontophoresis group (A), and the
topical gentamicin group (B).

2. Chi-squared-test: was implemented for comparison of
wound culture between the iontophoresis group (A), and the
topical gentamicin group (B). As shown in Table 2. The
results revealed a non-significant difference in wound
volume pre-treatment between the iontophoresis group (A)
and the topical gentamicin group (B) (p>0.05), while there
was a significant difference post-treatment in the
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iontophoresis group (A) than that in the topical gentamicin
group (B) (p < 0.001). As shown in Table 3. The result
revealed a significant reduction in infected wound culture in
the iontophoresis group (A) post-treatment compared to the
topical group (B) (p < 0.05). Wound infection is associated
with multiple complications that cause deterioration of
general health conditions and affect many aspects of patient
life. It leads to function loss, and morbidity finally leads to
death. Microorganisms' presence in wounds contributes to
delays in the healing process due to pro-inflammatory
mediators and bacterial toxins released. Contaminated
wounds can be controlled by using antibiotics for a long
time. However, continued usage of antimicrobials leads to
bacterial resistance that delays the healing process. [17].
Systemic antibiotics are the first choice for infection
treatment, but they have several side effects. The topical
application can increase drug deposition at the target site
with minimal systemic complications. Some studies stated
that topical antibiotic application was not agreeable in
several countries due to its remarkable complications,
including adverse drug reactions (ADR), bacterial
resistance, hypersensitivity, and drug restriction to skin and
subcutaneous tissue. They received limited approval of the
surgical prophylaxis guidelines due to contact reactions, and
many other problems were observed. In addition to the
difficulty of variation in agent, dose, and formulation, which
interfere with the healing process, some other studies
recommended transdermal administration as a favorable
method to avoid these side effects. [9,23,24]. Despite this,
topical use of antibiotics is distinguished from systemic use
due to the inadequate penetration of intravenous drugs. So,
the alternative method to avoid this problem is to deliver
drugs topically directly to the target site with high
concentrations to subside the systemic toxicity. [7,9,25].
Several studies reported that the application of gentamicin
sulfate had a more positive and significant effect on infected
wounds than the other applications; Garrine et al., (2023)
reported that gentamicin exactly has a positive effect on
gram-negative bacteria, and a high impact on psudonomous-
aeruginosa and staphylococci associated with infections.
[26]. Gentamicin released into an infected wound resulted
in significant bacterial growth inhibition (p<0.05), as
reported by Son et al., (2014). [27]. The topical application
of gentamycin significantly increases the clinical efficacy
rate and is associated with a faster and shorter time for
recovery in cases of localized wound infection (Wang et al.,
2019). [24]. Topical gentamycin applied to the contaminated
wound significantly reduced surgical site infection (Chang
et al., 2013). [28]. The current study is designed to evaluate
the effectiveness of gentamicin iontophoresis on wound
volume and bacterial growth in patients with chronic wound
infection among two different groups (A and B). According
to the results of this study, all outcome variables within
every group showed significant differences before and after
six weeks of treatment. The comparison of wound volume
and wound culture between the iontophoresis group (A) and
the topical gentamicin group (B) post-treatment versus pre-
treatment after six weeks revealed a significant decrease in
wound volume post-treatment compared to pre-treatment in
both groups (P<0.001), with (58.86 %) in the iontophoresis
group (A), and (39.69 %) in the topical gentamicin group
(B). The comparison of infected wound cultures between the
iontophoresis group (A) and the topical gentamicin group
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(B) post-treatment versus pre-treatment after six weeks
revealed a significant reduction of infected wound cultures
(p<0.001) post-treatment than pre-treatment in both groups.
The patients’ number who had an infected wound culture
post-treatment in the iontophoresis group (A) was 5 patients
(16.7%) and 13 patients (43.3%) in the topical gentamicin
group (B). This improvement is attributable to existence of
electric current stimulation as an alternative non-
pharmacological method for reducing wound infection and
accelerating the healing process, which is in agreement with
the findings of Wang et al., (2019); Caplin and Garcia,
(2019), who stated that there were various developed
methods to administer antimicrobials locally with high
concentrations to enhance the impact of the drug and restrict
its complications. [24,29]. Atieh et al., (2022) confirmed
that electrical stimulation applied with low intensity
activated the skin fibroblasts, considered the better
stimulation for cell proliferation that enhanced wound
potential and the healing process. [30]. In a research by Luo
et al., (2021) the electrical current stimulation applied in
direct, lower, and constant current (0.5 mA/cm2) had
antibacterial effects on wounds, accelerating the healing
process by reducing the number of wound pathogens with
fewer side effects on cells. [31]. Rahim et al., (2022) stated
that there were numerous clinical trials studied the
iontophoresis technology and approved its therapeutic
benefits in increasing the quantity and depth of administered
medical substances. [32]. Wang et al., (2021) reported that
iontophoresis technology is widens scope of transdermal
drug delivery, which when applied with a small current,
drug permeation would be increases through the intact skin.
[33]. Prentice, (2011) examined the efficacy of
iontophoresis, the results revealed a decrease in absorption
lag time and an increase in the rate of drug delivery when
compared with passive application. [34]. Another study
reported by Shayesteh et al., (2016) showed that specific
topical agents could be used as maintenance therapy by
iontophoresis application, as it is considered a non-invasive
approach and allows a high concentration of the topical
charged drug molecules.[35]. Nosseir et al., (2018)
concluded that a combination of estrogen and stem cells
delivered through the iontophoresis technique in diabetic
foot ulcer patients had a positive effect and was better than a
single delivery for one of them. The result revealed a
reduction in wound volume and an improved healing
process. [36]. Most drugs couldn't penetrate through the skin
barrier, and to achieve a maximum therapeutic effect, the
development modality suggested by many studies,
iontophoresis was the most likely approach to enhance
transdermal drug delivery (Banga and Panus, 2017). [37].
Several studies investigated the effect of electrical current
stimulation, and the results showed that there was a
bactericidal effect on both Gram types when electrical
current was adjusted from 0.1 to 5 mA for 30 min. They
summarized that electric current is a promising approach to
inhibiting bacterial growth, as reported by Viola et al.,
(2023). [17]. Schwass and Meledandiri, (2014), [38].
explained the antibacterial effect on both gram types seen
after the application of direct current (DC).
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Figure 1. Flow chart revealed experimental design of the study
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Table 1. Comparison of age and sex between the iontophoresis group (A) and the topical gentamicin group (B)

Group A Group B
Mean + SD Mean + SD MD t-value p-value
Age (years) 38,03+ 6,16 39.37+4.77 -1.34 -0.39 0.35
Sex, N (%0)
Females 12 (40%) 9 (30%) -
(x2 =0.65) 0.41
Males 18 (60%) 21(70%) -

SD: Standard deviations; MD: mean difference; x?: Chi squared value; p value: Probability value.

Table 2. Mean wound volume at pretreatment, and post-treatment of iontophoresis (A) and topical groups (B).

Group A Group B
Wound volume (cm3)
mean £ SD mean = SD MD t- value p-value
3.16 + 0.66 3.20+0.79 -0.22 0.82
Pre-treatment -0.04
Post-treatment 1.30£0.53 1.93+0.57 -0.63 -3,35 0.001
MD 1.86 1.27
% of change 58.86 39.69
t- value 19,42 13,26
p =0.001 p =0.001

SD: standard deviation; MD: mean difference; p-value: probability value.
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Table 3. Wound culture frequency pre-treatment and post-treatment of iontophoresis (A) and topical group (B)

Group A Group B
Wound culture ¥?- value p-value
Frequency Frequency
Pre-treatment
Infected 30 (100%) 30 (100%) - -
Not Infected 0 (0%) 0 (0%)
Post-treatment
Infected 5 (16.7%) 13 (43.3%) 507 0.02
Not Infected 25 (83.3%) 17 (56.7%) ' '
¥2- value 23.08 15.05
p =0.001 p =0.001

¥?: Chi squared value

This finding was in agreement with Ita K, (2017), [39]. who
stated that direct currents have an antibacterial influence on
planktonic cells, and with Freebairn et al., (2013), [40]. who
reported that direct current was able to reduce
staphylococcus and biofilm formation. Direct current (DC)
application revealed a reduction of bacteria, yeast, and
biofilm formations when measured within 12 hours of DC
application, and the positive effects were observed after 36
hours, as reported by Ruiz-Ruigomez et al., (2016). [41].
All previous studies reported that the gentamicin antibiotic
has a clinical effect on wounds and enhances the healing
process; multiple types of research have scientifically
proven that iontophoresis is effective on bacteria. It has a
wide range of uses as a delivery system for topical drugs
through the skin instead of oral or systemic use; most
scientific research stated that topical usage of gentamicin
was much better than intravenous or intramuscular uses to
prevent systemic toxicity and other side effects; a lot of
researchers approved delivering gentamicin by iontophoresis
technology. In (2011), a study proved a combination of
iontophoresis with gentamicin as a noninvasive technique
through interrupted direct current for 15 minutes 3 times a
week for 5 weeks. Results revealed that there was a
reduction of wound area by about 65.7% and bacterial
growth from high to low or inactive growth. The study
reported that iontophoresis gentamicin had a positive effect
on the healing of wounds for the participants in the study.
[42].Certain studies concentrated on the effect of
iontophoresis, but no recent one applied to wound infection.
The objective of iontophoresis for wound infection has been
experimented with as topical drug delivery; however, the
studies are infrequent about the antibacterial effects of
iontophoresis, which could be a spectacular strategy for
managing chronic wound infection combined with
enhancing drug effects. According to current study results,
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p value: Probability value.

physical therapists must consider the impact of
iontophoresis combined with gentamicin in treating wound
infections. However, the researchers of this study confirmed
that multiple studies were required before this could be
beneficial and effective. As a result, both gentamicin
iontophoresis and topical gentamicin sulfate were effective
therapies for improving the healing process and reducing
chronic infections. Gentamicin iontophoresis appears to be
more suited for improvement than topical application due to
the many beneficial properties of iontophoresis itself
combined with the positive effects of gentamicin. The
mystery of therapeutic success lies behind technological
development and its successful uses, which demand
scientific  knowledge about therapeutic indications.
Researchers in the field can develop the electrical delivery
of gentamicin sulfate as a physical therapy method to benefit
from the distinctive influence of iontophoresis as
transdermal delivery and the positive effect of gentamicin as
a topical medication.

3.3. Limitations

The inability to blind the participant might restrict
this study; this returned to the fact of therapeutic
application. The lack of re-evaluation and follow-up for all
patients in both groups was considered another critical issue
that might also limit this study. So, incoming research must
proceed to evaluate the extended monitoring of gentamicin
iontophoresis on chronic wound infection patients; other
wound types should be studied in similar approaches with a
longer length of time, and incoming studies should be done
on a larger set of participants.
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4. Conclusions

According to the measured outcome results of the
current study, the most remarkable conclusions were that
gentamicin iontophoresis was a positive antibacterial
approach and much better than the topical application of
gentamicin cream on infection and healing of chronic
wounds. This developmental technique of drug delivery has
been of interest in both the physical therapy and medical
fields due to its advantages over systemic use, such as the
high deposition of drug molecules into the wound cavity,
passing the primary hepatic drug clearance, and avoiding
gastrointestinal side effects.

Recommendation

The results of this study considered the following
considerations: Further research should include the effects
of other physiotherapeutic modalities, different assessment
methods, and different variables; the study must be
undertaken with a larger number of involved participants to
get a better statistical analysis of the data; and it can be done
on different types of wounds. A similar study may be
conducted to compare the study treatment modalities with
other physiotherapy treatments.

Acknowledgements

The authors would like to express their deepest
thanks, respect, and appreciation to all research participants.

Conflicting interests

There was not any potential conflict of interest
stated by the author(s).

Funding

There was not any financial assistance for the
author's research, writing, or publication of this research.

References

[1] E. Rezvani Ghomi, S. Khalili, S. Nouri Khorasani,
R. Esmaeely Neisiany, S. Ramakrishna. (2019).
Wound dressings: Current advances and future
directions. Journal of Applied Polymer Science.
136 (27) 47738.

[2] I. Negut, V. Grumezescu, A.M. Grumezescu.
(2018).  Treatment strategies for infected
wounds. Molecules. 23 (9) 2392.

[3] T. Swanson, D. Keast, R. Cooper, J. Black, D.
Angel, G. Schultz, J. Fletcher. (2015). Ten top tips:
identification of wound infection in a chronic
wound.

[4] S. Mansi, A.A. Deshpande. (2016). A study of the
rate of wound infection in contaminated and dirty
emergency exploratory laparotomies. IOSR J.
Dental Med. Sci. 15 (07) 26-32.

[5] S.1. Berrios-Torres, C.A. Umscheid, D.W. Bratzler,
B. Leas, E.C. Stone, R.R. Kelz, Healthcare
Infection Control Practices Advisory Committee.
(2017). Centers for disease control and prevention

El Ghazally et al., 2024

6]

[7]

8]

[0]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

guideline for the prevention of surgical site
infection, 2017. JAMA surgery. 152 (8) 784-791.
H.S. Kim, X. Sun, JH. Lee, HW. Kim, X. Fu,
K.W. Leong. (2019). Advanced drug delivery
systems and artificial skin grafts for skin wound
healing. Advanced drug delivery reviews. 146 209-
239.

G.D. Musters, J.W.A. Burger, C.J. Buskens, W.A.
Bemelman, P.J. Tanis. (2015). Local application of
gentamicin in the prophylaxis of perineal wound
infection after abdominoperineal resection: a
systematic review. World journal of surgery. 39
(11) 2786-2794.

K.W. McConeghy, D.J. Mikolich, K.L. LaPlante.
(2009). Agents for the decolonization of
methicillin-resistant Staphylococcus
aureus. Pharmacotherapy: The Journal of Human
Pharmacology and Drug Therapy. 29 (3) 263-280.
R. Parhi, P. Suresh, S. Mondal, P. Mahesh Kumar.
(2012). Novel penetration enhancers for skin
applications: a review. Current drug delivery. 9 (2)
219-230.

P. Plotas, O.E. Makri, |I. Georgalas, N.
Pharmakakis, A. Vantarakis, C.D. Georgakopoulos.
(2017). Efficacy of Topical Ofloxacin 0.3%
Administration on Conjunctival Bacterial Flora in
Diabetic ~ Patients  Undergoing Intravitreal
Injections. In Seminars in Ophthalmology. 32 (6)
738-742.

G. Kapoor, S. Saigal, A. Elongavan. (2017). Action
and resistance mechanisms of antibiotics: A guide
for clinicians. Journal of Anaesthesiology Clinical
Pharmacology. 33 (3) 300-305.

D.T. Woodley, J. Cogan, Y. Hou, C. Lyu, M.P.
Marinkovich, D. Keene, M. Chen. (2017).
Gentamicin induces functional type VII collagen in
recessive  dystrophic  epidermolysis  bullosa
patients. The Journal of clinical investigation. 127
(8) 3028-3038.

T.M. Karpinski. (2018). Selected medicines used in
iontophoresis. Pharmaceutics. 10 (4) 204.

M. Teaima, R. Abdelmonem, Y.A. Adel, M.A. EI-
Nabarawi, T.M. EI-Nawawy. (2021). Transdermal
delivery of telmisartan: formulation, in vitro, ex
vivo, iontophoretic permeation enhancement and
comparative pharmacokinetic study in rats. Drug
design, development and therapy. 4603-4614.

O. Brehant, C. Sabbagh, P. Lehert, A. Dhahri, L.
Rebibo, J.M. Regimbeau. (2013). The gentamicin—
collagen sponge for surgical site infection
prophylaxis in colorectal surgery: a prospective
case-matched study of 606 cases. International
journal of colorectal disease. 28 119-125.

S.A. Bhattaccharjee, K.S. Murnane, A.K. Banga.
(2020). Transdermal delivery of breakthrough
therapeutics for the management of treatment-
resistant and post-partum depression. International
journal of pharmaceutics. 591 120007.

S.G. Viola, L.F. Dalmolin, J.B.V. Mufioz, Y.A.
Martins, A.C. dos Santos Ré, C.P. Aires, R.F.V.
Lopez. (2023). Investigation of the antimicrobial
effect of anodic iontophoresis on Gram-positive

176



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

International Journal of Chemical and Biochemical Sciences (1JCBS), 25(14) (2024): 169-177

and Gram-negative bacteria for skin infections
treatment. Bioelectrochemistry. 151 108374.

S. Arunkumar, H.N. Shivakumar, B.G. Desai, P.
Ashok. (2016). Effect of gel properties on
transdermal iontophoretic delivery of diclofenac
sodium. e-Polymers. 16 (1) 25-32.

J.D. Byrne, J.J. Yeh, J.M. DeSimone. (2018). Use
of iontophoresis for the treatment of
cancer. Journal of controlled release. 284 144-151.
A.K. Yoosefinegjad, A. Motealleh, K. Abbasnia.
(2016). The immediate effects of lidocaine
iontophoresis using interferential current on
pressure sense threshold and tactile
sensation. Therapeutic Delivery. 7 (3) 163-169.

K. Kojima, M. Goto, Y. Nagashima, Y. Saito, M.
Kawai, S. Takebe, K. Funahashi. (2021).
Effectiveness of negative pressure wound therapy
for the wound of ileostomy closure: a multicenter,
phase Il randomized controlled trial. BMC surgery.
21 1-10.

N.H.A. Al-Marzoog, A.H. Hameed. (2018).
Detection of bacterial pathogen from wound
infections and study some of their virulence
factors. Journal of Bioscience and Applied
Research. 4 (3) 306-312.

S.M. McHugh, C.J. Collins, M.A. Corrigan,
A.D.K. Hill, H. Humphreys. (2011). The role of
topical antibiotics used as prophylaxis in surgical
site infection prevention. Journal of antimicrobial
chemotherapy. 66 (4) 693-701.

P. Wang, Z. Long, Z. Yu, P. Liu, D. Wei, Q. Fang,
J. Wang. (2019). The efficacy of topical
gentamycin application on prophylaxis and
treatment of wound infection: a systematic review
and meta-analysis. International Journal of Clinical
Practice. 73 (5) e13334.

E. Eriksson, G.L. Griffith, K. Nuutila. (2023).
Topical Drug Delivery in the Treatment of Skin
Wounds and Ocular Trauma Using the Platform
Wound Device. Pharmaceutics. 15 (4) 1060.

M. Garrine, L. Quint6, S.S. Costa, A. Messa Jr,
A.J. Massinga, D. Vubil, I. Mandomando. (2023).
Epidemiology and clinical presentation of
community-acquired Staphylococcus aureus
bacteraemia in children under 5 years of age
admitted to the Manhica District Hospital,
Mozambique, 2001-2019. European Journal of
Clinical Microbiology & Infectious Diseases. 42
(5) 653-659.

D. Son, J. Lee, S. Qiao, R. Ghaffari, J. Kim, J.E.
Lee, D.H. Kim. (2014). Multifunctional wearable
devices for diagnosis and therapy of movement
disorders. Nature nanotechnology. 9 (5) 397-404.
W.K. Chang, S. Srinivasa, A.D. MacCormick, A.G.
Hill. (2013). Gentamicin-collagen implants to
reduce surgical site infection: systematic review
and meta-analysis of randomized trials. Annals of
surgery. 258 (1) 59-65.

J.D. Caplin, AJ. Garcia. (2019). Implantable
antimicrobial biomaterials for local drug delivery
in bone infection models. Acta biomaterialia. 93 2-
11.

El Ghazally et al., 2024

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

A. Abedin-Do, Z. Zhang, Y. Douville, M. Méthot,
J. Bernatchez, M. Rouabhia. (2022). Electrical
stimulation promotes the wound-healing properties
of diabetic human skin fibroblasts. Journal of
Tissue Engineering and Regenerative Medicine. 16
(7) 643-652.

R. Luo, J. Dai, J. Zhang, Z. Li. (2021). Accelerated
skin wound healing by electrical
stimulation. Advanced healthcare materials. 10 (16)
2100557.

M. Rahim, N. Ahmed, K.N. Khan, S. Memon, T.
Naveed, S.A. Shah, U. Ali. (2022). Comparison of
the efficacy of tap water iontophoresis versus
aluminum chloride hexahydrate in the treatment of
palmoplantar hyperhidrosis. Cureus. 14 (12).

Y. Wang, L. Zeng, W. Song, J. Liu. (2021).
Influencing factors and drug application of
iontophoresis in transdermal drug delivery: an
overview of recent progress. Drug delivery and
translational research. 1-12.

W.E. Prentice, W.S. Quillen, F.B. Underwood.
(2005). Therapeutic modalities in rehabilitation.
165-175.

A. Shayesteh, U. Janlert, C. Brulin, J. Boman, E.
Nylander. (2017). Prevalence and characteristics of
hyperhidrosis in Sweden: a cross-sectional study in
the general population. Dermatology. 232 (5) 586-
591.

H.B. WAFAA, AA. NOSSEIR, M.K. ISLAM,
A.E.K. WAEL. (2018). Estrogen lontophoresis
Versus Stem Cell Therapy in the Treatment of
Chronic Wound in the Lower Limb. The Medical
Journal of Cairo University. 86 (March) 7-15.

A.K. Banga, P.C. Panus. (2017). lontophoretic
devices: clinical applications and rehabilitation
medicine. Critical Reviews™ in Physical and
Rehabilitation Medicine. 29 (1-4).

D.R. Schwass, C.J. Meledandri. (2014). Enhanced
penetration of silver nanocomposite assemblies into
dentine using iontophoresis: toward the treatment
of dental caries. ChemPlusChem. 79 (12) 1671-
1675.

K. Ita. (2017). Percutaneous transport of
psychotropic agents. Journal of Drug Delivery
Science and Technology. 39 247-259.

D. Freebairn, D. Linton, E. Harkin-Jones, D.S.
Jones, B.F. Gilmore, S.P. Gorman. (2013).
Electrical methods of controlling bacterial adhesion
and biofilm on device surfaces. Expert review of
medical devices. 10 (1) 85-103.

M. Ruiz-Ruigomez, J. Badiola, S.M. Schmidt-
Malan, K. Greenwood-Quaintance, M.J. Karau,
C.L. Brinkman, R. Patel. (2016). Direct electrical
current reduces bacterial and yeast biofilm
formation. International Journal of
Bacteriology, 2016.

A.T. Onigbinde, K.F. Olafimihan, A. Ojoawo, J.D.
Mothabeng, O.0. Ogundiran. (2011). Management
of decubitus ulcer using gentamicin sulphate
iontophoresis-a case study.

177



