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Abstract

To assess the impact of topical agents and dressings on surface wound pH, tem-

perature, and subsequent wound healing. This was a systematic, narrative review

of the literature, following the PRISMA (2020) guidelines. The databases searched

were Medline PubMed, Cumulative Index to Nursing and Allied Health Literature

(CINAHL), Cochrane Library, Embase, Web of Science, and Scopus. Data synthe-

sis and analysis were conducted using a structured narrative synthesis. The quality

of the included clinical studies was appraised using the Evidence-Based Literature

(EBL) Critical Appraisal Tool. A total of six clinical studies were assessed as eligi-

ble for inclusion, A total of six dressings/topical agents were assessed and the

types of wounds included non-healing chronic wounds. Of the studies, five

explored pH and one explored temperature. The EBL validity of the clinical stud-

ies was low (mean quality score was 51.3%). The five clinical studies that explored

pH investigated different dressings and topical agents reporting an associated

reduction in pH and improved wound outcomes. One clinical study investigated

the impact of topical sodium nitrite on temperature and found that sodium nitrite

increased peri-wound skin temperature and improved wound outcomes with a

reduction in leg ulcer size. Given the low certainty of the evidence, we cannot

confidently recommend the use of any particular topical agent or dressing to

manipulate pH, or temperature to improve wound outcomes. Thus, there is a

need for further research to develop a greater understanding of this topic. Irish

Research Council, Enterprise Partnership Scheme.
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Key Messages
• pH has an important role to play in wound healing and as such it appears

that it could be manipulated by topical agents and dressings to improve
wound outcomes
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• the findings of the included studies indicate that topical agents may manipu-
late pH and temperature to improve wound outcomes. However, many of
the existing studies have conflicting evidence

• in particular, Manuka honey and silver dressings lowered the pH resulting
in improved wound outcomes

• future research studies should consider the biomarkers of wound healing
outcomes namely, pH and temperature when conducting research studies
on dressings and topical agents

1 | INTRODUCTION

Wound healing is a complex process that is influenced by
intrinsic and extrinsic factors within the patient and the
wound itself. There is evidence to confirm that pH and
temperature play an important role in wound healing.1-11

Topical agents and wound dressings form an important
part of wound management and their therapeutic avail-
ability has increased tenfold during the last decade.5,8,9,12

However, it is unclear from the literature if topical agents
and dressings have any effect on wound pH or wound
temperature.

For wounds not progressing or stalled, it is important
to achieve a balance between eradicating bacteria and
protecting the host cell.13,14 Bacteria produce ammonia,
which is liberated from urea by the enzyme ureases; this
in turn, results in an alkaline wound environment. The lit-
erature reviewed indicated that most bacteria are inhibited
in a lower pH environment.15-17 When an infection is
suspected based on a rise in the wound pH, lowering the
pH of the wound may be of benefit as it may inhibit the
proliferation of the causative organism.8,18-21 However, it
would be incorrect to imply that lowering the pH would
eliminate all bacteria as some bacteria can survive in a
wider pH range.5 Further, bacteria in biofilm communities
are also able to survive in a wider pH range that would
normally be inhibitory to their growth under planktonic
conditions.12,22-24 However, a causal relationship between
the degree of bacterial contamination and pH value has
not yet been established.10,22 The literature has suggested
that certain wound dressings and topical agents may alter
the wound’s pH and ultimately influence healing, thereby
providing a more cost-effective approach to wound man-
agement.4,7,16,22,25-30 These have included, topical poly-
hexamethylene biguanide (PHMB) and propyl betaine,
acetic acid, manuka honey, and silver dressings.

Temperature has an important role to play in the func-
tioning of every system in the body, with all cellular func-
tions affected by it.9,31,32 This is also the case in wound

healing.6,33-35 At the physiological level, during the inflam-
matory phase increased temperature in acute wounds
increases local dermal blood flow and subcutaneous oxygen
tension, resulting in an environment conducive to wound
healing.34,36,37 Conversely, an increased local temperature
of chronic wounds is an indicative sign of wound infection
and inflammation and results in delayed healing.6,9,26,34,37,38

On the other hand, within acute surgical wounds, healing
can also be delayed when the temperature of the wound
bed falls below the core body temperature. Previous
research conducted by reported that cooler temperatures at
the wound site were indicative of wound infection.39

pH influences biochemical activity in each stage of
wound healing and temperature affects all the body’s cel-
lular functions.6,15,22,31,36,40 It is postulated that wound
dressings and topical agents may lower the pH of acute
and non-healing wounds. This is thought to be a result of
the interaction between the wound surface and exudate
and the chemical composition and microstructure of the
dressing.41 Many interventions, including, dressings, topi-
cal agents, and technologies, are being used to treat infec-
tion, and to improve wound healing. In addition,
research has demonstrated that antibiotic efficacy is
affected by pH.12,42,43 Therefore, it would be important to
find a dressing or topical agent that has both a therapeu-
tic effect on the healing process and the ability to kill bac-
teria.44 There is a potential for altering the wound pH
using topical or systemic treatments to enhance wound-
healing outcomes.15 However, the triggered release of a
therapeutic agent may rely on clinical indicators such as
pH and temperature.45 Choosing the right dressing has
implications for both patients and the health system as it
is recognised that delayed wound healing is costly and
can consume resources that could otherwise be used else-
where.46-49 There is currently insufficient evidence on the
impact of topical agents/and dressings on biomarkers of
wound healing namely pH and temperature. Therefore,
this systematic review set out to explore the following;

• What is the impact of dressings and topical agents on
surface wound pH and/or temperature and subsequent
wound healing outcomes?

1398 DERWIN ET AL.

mailto:pinaravsar@rcsi.com


• Does wound pH affect the activity and efficacy of anti-
microbial agents?

1.1 | Aim

This systematic review was conducted to examine clinical
research that explored the impact of topical agents or
dressings on surface wound pH and temperature and
subsequent wound healing.

2 | METHODS

2.1 | Outcome measures

The primary outcomes of interest in this review were
objective measures of pH, temperature, and wound
healing, including measures of wound size, or numbers
of completely closed wounds.

2.2 | Study selection criteria

All types of quantitative primary research studies publi-
shed in the English language involving participants, of
any age or in any setting, with an acute or chronic open
wound, that explored the impact of a topical agent or
dressing on pH and/or temperature and wound healing.
In vitro and animal studies were excluded. No limits were
applied in relation to the year of publication, or geo-
graphical location.

2.3 | Search strategy

Between May and June 2020, a systematic literature sea-
rch was undertaken to ensure that all published data
relating to the topic were identified. The following data-
bases were searched:

• Cochrane Library, Embase, Medline PubMed, Cumula-
tive Index to Nursing and Allied Health Literature
(CINAHL), Web of Science and Scopus.

An initial scoping exercise was performed to identify rele-
vant keywords. Subject headings and mesh terms were
then identified and combined using the Boolean tool
AND, OR which included;

• hydrogen ion concentration, hydrogen ions, pH,
• temperature, skin temperature, cutaneous tempera-

ture, wound temperature,

• wounds and injuries, wounds, leg ulcer, varicose ulcer,
stasis ulcer, venous hypertension ulcer, ischaemic
ulcer, ischemic wound, ischaemic ulcer, arterial insuf-
ficiency wound, arterial insufficiency wound,
decubitus ulcer, pressure area, pressure ulcer, bedsore,
laceration wound, plantar ulcer, diabetic feet, diabetic
foot, feet ulcer, burn wound, burn injury, pilonidal
sinus, perianal abscess, surgical wound,

• administration cutaneous, topical treatment, topical
agents, acetic acid, aloe vera, silver sulfadiazine, silver
sulphadiazine, silver compounds, povidone iodine,
hydrogen peroxide, hydrogel, alginates, hyaluronic acid,
antibacterial agents, antimicrobials, chlorhexidine.

• All topical agents were combined with all wound types
and derivatives of pH or temperature.

The studies retrieved by the initial search underwent a
scanned process by a single review author to exclude
irrelevant studies; this was validated by the second
review author. Two authors then screened titles and
abstracts against the inclusion criteria. Relevant articles
in reference lists were also considered. If an article met
the inclusion criteria, the full-text version was retrieved.
Full-text articles were then reviewed independently by
one review author and validated by a second review
author. In all instances, differences of opinion were
resolved by discussion among the authors.

2.4 | Data extraction

One review author independently extracted data from eli-
gible studies using a data extraction sheet and table; this
was validated by a second author. A data extraction table
was used to extract the following information: author;
title; date of study; study’s geographical location; funding
source; care setting; inclusion/exclusion criteria; partici-
pant characteristics; study design details; sample size cal-
culation and sample size; study intervention details;
outcome measures; length of follow-up; loss to follow-up;
results.

2.5 | Quality appraisal

The Critical Appraisal Checklist (EBL) devised by Glynn50

was used to appraise the six clinical studies. Accordingly,
the studies were appraised under the headings: popula-
tion, data collection study design, and results. Applying
this tool, the study quality in each category is invalid with
a final score of <75. Therefore, the studies that produced
results of “Yes” ≥75% or, “No+Unclear” ≤25% were con-
sidered good quality. The score from each section was
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calculated at the end to indicate the validity of the study.
The quality of the in vitro studies was not appraised as
there was no specific tool available.

2.6 | Data synthesis

Meta-analysis was not feasible due to the heterogeneity
of the included studies. A narrative description of the
studies was undertaken with studies grouped by the
intervention. Following this, a narrative synthesis of the
data was undertaken.

3 | RESULTS

The search strategy yielded 2083 publications. Following
removal of duplicate articles, and screening against the
inclusion/exclusion criteria, 21 studies were considered
potentially eligible, of which 15 were excluded for rea-
sons. Therefore, six studies were considered eligible for
inclusion in this review. Table 1 summarises all the
excluded studies and reasons for exclusion, and Figure 1
outlines the flow of studies through this review.

Table 1 displays the excluded studies and the reasons
for exclusion.

Figure 1 presents a PRISMA flow diagram mapping
out the number of records identified, included, and
excluded.

3.1 | Description of the included studies

Five of the included studies, explored pH and one study
explored temperature. The total sample across the studies
was 348 participants, with the sample sizes in the individ-
ual clinical studies ranging from 18 to 140 participants.
The studies were undertaken across a wide geographical
spread among different continents, namely, India
(n = 2), United Kingdom (UK) (n = 1), Italy (n = 1),
Austria (n = 1), and United States of America (USA)
(n = 1). The clinical settings within which the studies
took place were acute hospitals, intensive care units, and
outpatient clinics. The types of chronic wounds included
were leg ulcers, pressure ulcers, burns wounds, trauma
wounds, diabetic foot ulcers, and surgical wounds.

3.2 | Results of clinical studies

3.2.1 | Results: pH: clinical studies

An overview of the results for the pH outcomes is pres-
ented in Table 2.

Romanelli et al.,4 conducted a single-blind, single
centre, prospective, controlled explorative comparison
trial of 40 participants with chronic leg ulcers. This study
evaluated the efficacy and tolerability of a wound cleans-
ing solution containing propyl betaine and PHMB to
eliminate or reduce bacterial burden. Propyl betaine and
PHMB were used to clean wounds and to moisten absor-
bent wound dressings. The participants were randomised
electronically into two groups; In Group A, 20 partici-
pants were treated on alternate days with propyl betaine
and PHMB cleansing solution, combined with conven-
tional wound care (polyurethane foam and elastic com-
pression); In group B, 20 participants were treated on
alternate days with saline solution combined with con-
ventional wound care (polyurethane foam and elastic
compression). Thirty-eight participants concluded the
study, two participants from the control group were lost
to follow-up during treatment. The surface pH was mea-
sured using a flat glass electrode connected to a meter
(skin pH meter H199181, Hanna Instruments Italy).
Wound size was measured with dedicated polarimetry
software (Silhouette). Measurements were taken after
dressing removal before cleansing. The baseline, median

TABLE 1 Excluded studies with reasons

Study Reason for exclusion

Trop, Waniek51 Wound surface temperature not
measured.

Coats, Edwards52 pH or temperature not measured

Andrews, Mowlavi53 pH or temperature not measured

Cuttle, Kempf54 pH or temperature not measured

Diggelmann,
Zytkovicz55

Does not include open wounds.

Slone, Linton56 This is a review, not a research study.

Banerjee, Mishra57 Development of a sustained delivery
dressing.

Prabhu, Prasadi28 pH at baseline and study end not
included.

Percival, McCarty12 This is a review.

Burke-Smith,
Collier58

pH or temperature not measured

Finzgar, Melik59 pH or temperature not measured

Heuer, Hoffmanns60 pH or temperature not measured

Mehmood, Hariz61 pH or temperature not measured

Cho and Choi62 Does not address wounds.

Mohan and
Ranganathan63

pH or temperature not measured.

Koehler, Wallmeyer64 Development of a dressing.
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range pH at the wound surface in the group using poly-
hexamethylene biguanide (PHMB) and betaine was ini-
tially 8.9 +/� 0.6. After the 4 weeks, this decreased to 7.0
+/� 0.3. This reduction in pH was statistically signifi-
cantly lower (P < .05) in the group treated with the active
cleanser (PHMB and betaine). The group treated with the
PHMB and betaine were reported to have shown signifi-
cantly better control of the bacterial burden both clini-
cally and by means of instrumental evaluation compared
with the control group. However, results for this were not
reported in the study.

Kumar and Honnegowda,7 conducted an RCT on the
effect of limited access dressing (LAD) on the surface pH
of chronic wounds. LAD combines moist wound healing
and negative pressure. One hundred and forty patients
were randomised into two groups by simple randomiza-
tion. Limited access dressings combine moist wound
healing with negative pressure utilising an intermittent

negative pressure regimen of 30 minutes, followed by a
3.5 hours period of rest.7 In the LAD group, 64 partici-
pants were treated with intermittent negative pressure.
In the control group, 76 participants were treated every
day with gauze soaked in 5% povidone-iodine. The
wounds were cleaned daily for both groups. The partici-
pants were followed up for a period of 10 days. The pH of
the wound bed was measured using pH indicator strips
MQuant® (Merck). Would size was not measured in this
study. Fifty-six participants were lost to follow up or
withdrawn from the study; this included 22 participants
in the Limited Access Dressing LAD group and 34 partici-
pants in the control group. The findings demonstrated
that the LAD treated patients exhibited a reduction in the
wound pH as compared with those who received a stan-
dard dressing (control). On day 0 the wound surface pH
was similar for both groups, in the LAD group the mean
and standard deviation (mean ± SD) was 8.33 ± 0.35,

Records identified from*: 
Databases (n = 2083) 
Registers (n = 0) 

Records removed before 
screening:

Records screened 
(n = 2006) 

Records excluded** 
(n = 1985) 

Duplicate records removed  (n 
= 79) 
Records marked as ineligible 
by automation tools (n = 0) 
Records removed for other 
reasons (n = 0) 

Reports sought for retrieval 
(n = 21) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 21) 

Studies included in review 
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Id
en

ti
fi

ca
ti

o
n

 
S

cr
ee

n
in

g
 

Reports excluded: 15 
pH or temperature not measured: 
9
Do not address wounds: 2 
Not relevant study design: 

2compression therapy
Focusing on dressings: 2 

Identification of studies via databases and registers 

In
cl

u
d

ed
 

FIGURE 1 PRISMA 2020 flow

diagram for study selection65

DERWIN ET AL. 1401



whereas it was 8.31 ± 0.38 (mean ± SD) for the control
group. On day 10, the mean wound surface pH (± SD) in
the LAD group was 7.5 ± 0.43 compared with 7.9 ± 0.47
for the control group (standard dressing). At the end of
the study, the mean wound surface pH (± SD) in the
LAD group was 0.83 ± 0.52 compared with 0.41 ± 0.26
(P = .048) in the control group. The pH was significantly
lower (P = .048) in the LAD group.

Agrawal et al.,30 conducted a prospective analysis
study, evaluating the topical use of 1% of acetic acid for
the treatment of infected wounds. The pH of 1% of acetic
acid was 2.5. One hundred participants with infected
wounds of mixed aetiologies, including diabetic, trauma,
burns venous ulcers, and graft donor sites were treated
with topical application of 1% acetic acid. There was no
comparator in this study. Normal saline was used to
dilute acetic acid to a concentration of 1%. Following the
removal of the old dressing, an immersion bath with
0.1% acetic acid was given for 15 minutes to create an
acidic environment. Normal saline was then used to
cleanse the wounds. A non-adhesive sterile Vaseline
gauze was placed on the wound, then a gauze soaked in
1% acetic acid solution was placed over this covered with
a sterile dressing. Wounds were dressed daily, or on alter-
nate days, for a period of seven to 21 days. During the
study period, the patients received no systemic

antibiotics. The pH of the wound bed was measured
using paper strips. For each wound, a wound swab was
collected before commencing acetic acid (1%) and subse-
quently on day 3, 7, 10, and 14. Wounds were assessed
clinically for the amount of discharge, odour, wound size,
and quality of granulation tissue. The average pH of
infected wounds at the start of the study was alkaline at
pH 9.0, the pH decreased with improved granulation tis-
sue to pH 7.0. Whereas, infected wounds were alkaline
(pH 9). There was a reported decrease in wound size,
inflammation, and induration after treatment with acetic
acid, suggestive of wound healing; however, these results
were not shown. It is unclear in the study if the pH
remained consistently low between dressing changes as
measurements are not shown.

Rafter et al.,66 conducted a clinical evaluation study
of 100% medical grade Manuka honey for chronic
wounds. Twenty-two participants with a total of
40 chronic wounds were recruited for this study. The type
of wounds varied and included pressure ulcers, diabetic
foot ulcers, leg ulcers, wounds caused by trauma, and
surgical wounds. The Manuka honey dressing was used
as a primary dressing with a superabsorbent secondary
dressing. The patients were followed over a period of
8 weeks. The participants had their dressing changed on
alternate days, the tissue viability nurse consultant

TABLE 2 Results for pH—clinical studies

Author, year Intervention Comparator Start of Study Outcome Funding

Romanelli et al.,
(2010)4

Polyhexamethylene
biguanide
(PHMB)
and Betaine and
for Wound
cleanser

Saline solution in
association with
standard wound
care

M Median range pH
8. 8.9+/� 0.6

M Median range
pH 7.0 7.0 +/� 0.3
in (p (P < .05)

Y Yes
Partially financed
by B. Braun
Medical AG

Kumar et al.,
(2015)7

Limited access
dressing (LAD)
(Negative
pressure and
moist wound
dressing.

Dressed daily with
5% povidone-
iodine soaked
gauze

LAD
Day 0: 8.33 ± 0.35 (mean
± SD)

Conventional dressing
Day 0: 8.31 ± 0.38

LAD
Day 10: 7.5 ± 0.43
(mean ± SD)

Conventional dressing
Day 10: 7.9 ± 0.47
(P = .048)

No

Agrawa et al.
(2017)30

1% Acetic Acid No comparator Start of study pH 9 End of study pH 7 No

Rafter
et al.,(2017)66

Manuka Honey No comparator Reduction in wound
pH at end of study
(P < .05)

Yes
Educational grant
Advancis
Medical.

Strohal et al.,
(2018),67

Acid oxidising
Solution

No comparator Day 0:
pH (9.25 +/� 0.61).
Wound size cm23.06 0.49–
32.79 (min/max)

Day 28:
pH (7.68 +/� 0.71)
(P = .0001). Wound
size cm2.59 0–15.25
(min/max)

(P = .001)

Yes
APR Applied
Pharma
research
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performed an assessment of the wound and dressing
change once weekly on days 1, 7, 14, 28, 35, 42, 49, and
56. Inpatients had their wound assessed twice a week to
ensure concordance with the regimen. When the patients
were discharged home, they had their dressings changed
every other day by the district nursing teams. A detailed
wound assessment was conducted weekly by the tissue
viability nurse consultant. A wound swab (n-108) was
taken on days 1, 14, 35, and 49. The pH of the wound bed
was measured at every dressing change with a pH indica-
tor strip. The authors were unable to analyse the effec-
tiveness of medical grade Manuka honey on infections as
patients were on antibiotics. Results from T-tests indi-
cated that Manuka honey reduced wound pH signifi-
cantly (P < .05). pH values for different time points were
not shown and wound size was not measured.

Strohal et al.,67 conducted a prospective single arm
open-label clinical case series. This was a pilot study
including 30 participants, investigating the use of acid-
oxidising solution (AOS) for chronic leg ulcers. The AOS
dressing was applied on each leg ulcer at every dressing
change for a period of 35 days. Wounds were dressed
daily if critically colonised, and wounds that were not
infected were dressed on alternate days. The procedure
was as follows; after removal of the old dressing, the
ulcers were cleaned with a dry gauze after which, the
AOS was sprayed over the entire wound, then after
2 minutes, the ulcers were cleaned again with sterile
gauze. The AOS was sprayed again over the entire
wound, then a non-adherent dressing that was soaked in
the AOS was placed on the wound and a sterile highly
absorbent dressing was then applied on top. In addition,
all patients with venous leg ulcers were treated with com-
pression therapy. Patients with non-venous ulcers did not
receive any additional treatment. There was no compara-
tor in this study. Wound size was measured using digital
planimetry software and wound pH was measured using
a probe and pH meter.

The ulcers showed a highly alkaline pH (9.25 +/�
0.61) at the start of the study. The mean pH decreased
significantly (P < .0001), and over time ulcers demon-
strated an almost neutral pH value (7.68 +/� 0.71) by
visit 5 (day 28 +/�2). At the onset of the study, the
median wound size was 3.06cm2 (0.49–32.79 cm2), the
size decreased to a median of 0.59cm2 (0–15.25 cm2) at
the end of the study. Notably, the researchers reported
that the decreased wound size correlated significantly
with the reduced pH value of the wound (r = 0.1957,
P = .0108). However, this value (r = 0.1957, P = .0108) is
substantially below 0.3 or 0.4 and therefore does not indi-
cate a significant correlation between wound size and
pH. The researchers reported that there was a statistically
significant correlation between the pH change and the

successful control of infection was also detected
(r = 0.6960; P < .0001).

3.3 | Results: temperature: clinical study

One study investigated the impact of a topical agent on
wound temperature and reported that topical sodium
nitrite cream increased peri-wound skin temperature as
measured using infrared thermography.68 Baseline
wound bed temperature was 32�8�C (SD: ± 1�4) and this
increased statistically significantly to 34�9�C (SD: ± 0�7)
after the application of the first dose of cream
(P < .0001). Following the second dose of cream, a statis-
tically significant increase was also noted; the wound
temperature went from 33�0�C (SD: ± 1�1) to 34�8�C (SD:
± 0�7); (P < .0001). There was also an associated increase
in temperature reported in the peri-wound region
(r = 0�72, P = .0010).

There was a statistically significant reduction noted
in ulcer size; the mean ulcer surface area before com-
mencing treatment was 5.97 cm2 and following treat-
ment, size decreased to 3.26 cm2. In cohort one (0.5%
sodium nitrite), there was a 29.9% mean reduction in
wound size. In cohort two (1% sodium nitrite), there
was a 7.7% mean reduction in wound size, however,
wound size increased for one patient). In cohort three
(1.5% sodium nitrite), there was a 32.5% mean reduction
in wound size. In cohort 3a (1.8% sodium nitrite), there
was a mean reduction of 69.7% in wound size and one
complete closure). In cohort four (2% sodium nitrite
cream), there was an 88.3% mean reduction in wound
size and two complete closures. The reductions in
wound size correlated with the nitrate dose cohort
(r = 0.7, P = .0012).

In summary, six human clinical studies were included
in this review.4,7,30,66-68 Five clinical studies explored pH
investigating five different dressings or topical agents
including negative pressure dressing, medical grade
honey dressing, acid oxidising solution, a solution con-
taining 1% acetic acid, and a solution containing PHMB
and betaine. Each of these studies reported a significant
reduction in pH and improved wound outcomes at study
end, four of the studies reported a reduction in wound
size, although in one study this reduction was not statisti-
cally significant.4 One study did not report on wound
size, but instead reported time to complete healing,
although results for this were not shown.66 Only, one
clinical study investigated the impact of a topical agent
on temperature, namely topical sodium nitrite. The study
found that sodium nitrite increased peri-wound skin tem-
perature and improved wound outcomes with an associ-
ated reduction in leg ulcer size.68
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3.4 | Quality appraisal

Across the clinical studies, the quality appraisal scores
ranged from 30% to 64% with an overall mean of 52%.
Table 3 illustrates the results of the quality appraisal. The
two included RCT's, Kumar and Honnegowda7 (quality
appraisal score: 30%) and Romanelli, Dini4 (quality
appraisal score: 64%) that investigated a Limited Access
Dressing and a solution containing propyl betaine and
PHMB did not outline the randomization methods, con-
cealment, or blinding. Neither study reported sample size
calculation. Romanelli, Dini4 had a small sample size
and thus may not have had enough power to detect dif-
ferences between groups. The remaining four clinical
studies also had low-quality appraisal scores
(mean 50.3%).

4 | DISCUSSION

pH has an important role to play in wound healing and
as such it appears that it could possibly be manipulated
by topical agents and dressings to improve wound out-
comes. However, there is insufficient human studies to
support this conclusively. In addition, it is also important
to consider that the actual pH of the wound may impact
the antimicrobial effectiveness of the topical agent or
dressing.29,69 All six interventions will not be discussed,
only those important interventions from a clinical prac-
tice perspective, including, Manuka honey, Acetic acid
(1%), and PHMB and betaine.

Only one study in this review investigated the impact
of a topical agent on wound temperature and found that
topical sodium nitrite cream increased peri-wound skin
temperature.68 This was thought to be due to the
vasodilating properties of sodium nitrite. However, this
was a small dose finding study and therefore the findings
should be interpreted with caution.

Manuka honey is an antimicrobial agent with anti-
inflammatory and antioxidant activities.70,71 Manuka

honey is comprised of phenolic acids, flavonoids, and
other compounds.71,72 The acidity of manuka honey with
a pH ranging between 3.2 and 4.5, may assist in the
antibacterial action of macrophages.73 Previous invitro
studies by Milne and Connolly74 and Kiamcoet et al.,75

also found that Manuka honey, medical-grade honey,
and medical-grade honey combined with ciprofloxacin
respectively, lowered pH. However, Kiamco et al.,75 also
found that medical-grade honey alone is not an effective
bactericidal. Conversely, research studies76-78 have shown
honey inhibits the growth of most pathogenic bacteria
within wounds. Notably, several mechanisms are
involved in the antibacterial properties of honey, and
these act in synergy. These include osmolarity, the acid
pH (3.2 to 4.2),76 the hydrogen peroxide system, and the
presence of phytochemical factors, defensin-1, and
methylglyoxal.77-79 Moreover, numerous scientific stud-
ies73,80,81 have shown that honey has, in particular, a pos-
itive effect on debridement and a modulating effect on
inflammation, thereby promoting the formation of granu-
lation tissue. The acid pH of honey can help to create an
acidic wound environment that is considered necessary
to maintain optimal conditions for fibroblast activity
namely, migration, proliferation, and organisation of col-
lagen.76 However, despite the plethora of literature avail-
able on the use of honey as a potential therapeutic agent
for managing chronic wounds, only one clinical study
has researched the impact of honey on biomarkers of
wound healing such as wound pH.66 This was a small
product evaluation study of 20 participants, which means
the findings should be interpreted with caution. No study
has researched the impact of honey on wound
temperature.

Different acids, including acetic acid (1% and 5%), and
an acid oxidising solution have been previously used as
treatments for wound healing.2,16,82 It is thought that acid
solutions contribute to wound healing by creating an
acidic environment which helps to control bacterial
growth and increase antimicrobial activity.83,84 It has been
identified in several studies that lowering the wound pH is

TABLE 3 Quality appraisal

Overall validity of included studies (%) including the validity of each category

Authors Population Data collection Study design Results Overall Validity

Romanelli et al., (2010)4 57% (Not valid) 80% (Valid) 60% (Not valid) 60% (Not valid) 64% (Not valid)

Kumar et al., (2015)7 25% (Not valid) 50% (Not valid) 40% (Not valid) 20% (Not valid) 30% (Not Valid)

Agrawa et al., (2017)30 60% (Not valid) 33% (Not valid) 40% (Not valid) 40% (Not Valid) 40% (Not valid)

Rafter et al.,(2017)66 60% (Not valid) 50% (Not valid) 60% (Not valid) 40% (Not valid) 52% (Not valid)

Strohal et al., (2018),67 66% (Not valid) 80% (Valid) 60% (Not valid) 60% (Not valid) 66% (Not valid)

Minniti et al.,68 50% (Not valid) 40% (Not valid) 60% (Not valid) 67% (Not valid) 58% (Not valid)
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effective against different bacterial strains.2,83,85,86 Histori-
cally, acetic acid was used to treat wounds with Pseudo-
monas infection.84 Agrawal et al.,28 reported that acetic
acid was efficacious against many common isolates includ-
ing P. aeruginosa, S. aureus, Streptococcus, Proteus
mirabilis, Citrobacter spp., C. albicans, Cryptococcus neo-
formans, Aspergillus niger, and A. fumigatus. Fejfarova
et al.,87 in a study on diabetic foot ulcers reported
enhanced outcomes of reduced ulcer dimensions using 1%
acetic acid, although the results were not statistically sig-
nificant. Acetic acid (1%) could potentially alter the alka-
line pH of infected wounds.28 Further, whilst 0.1% acetic
acid appears to have good antibacterial activity, it is
unclear in the included study30 if the pH remained consis-
tently low between dressing changes. In previous labora-
tory studies, acetic acid in 1% and 5% concentrations were
used to reduce the pH of the wound surface.2,88 However,
acetic acid was not considered an effective method of
reducing pH as it only reduces the pH for 1 hour, after
which the pH resumes its untreated pH value.22,88

One clinical study4 investigated products that con-
tained PHMB. Propyl Betaine and Polyhexanide (PHMB)
is a wound cleanser, which decontaminates and removes
exudate, slough, and debris.4 PHMB belongs to the group
of cationic (positively-charged) biocides known as
biguanides. The positively charged groups of molecules
can bind quickly to the negatively charged surface of the
bacteria, disrupting the bacterial membrane causing
damage and the subsequent death of the bacteria.89 Beta-
ine disrupts the biofilm, PHMB in combination with a
betaine creates a low surface tension which results in an
increased ability to remove debris, bacteria and biofilm
from the wound.90,91 Other invitro studies illustrated that
Polyhexadine formulations exhibit increased antimicro-
bial activity at higher pH values.73,74 Non-healing
wounds have a pH ranging from 7.15 to 8.9.4 Therefore,
products containing PHMB may be useful in reducing
the wound pH and thus managing wound infections in
chronic wounds or even preparing the wound bed for the
wound dressing or topical agent. Interestingly, whilst
dressings with iodine and silver are commonly used in
clinical practice, there was no clinical research on the
effects of these dressings on wound pH.

5 | IMPLICATIONS FOR
RESEARCH

Although there are many types of topical agents and
dressings available, very few studies investigate the effect
of dressing/topical agents on wound parameters. There is
a lack of robust research on their ability to manipulate
the pH or temperature of the wound. Nevertheless, whilst

the findings are limited due to the paucity of research
and quality of included studies, the findings do indicate
that topical agents may potentially manipulate pH to
improve wound outcomes. The adoption of biomarkers
and technology in the clinical area will incorporate objec-
tivity into wound assessment and improve our under-
standing of effect dressing and topical agents on these
biomarkers. The collection of numerical results could
facilitate clear and concise data collection and analysis.9

Then, there would be great potential to use this knowl-
edge to influence wound healing in the future. This may
ultimately lead to the development of a more cost-
effective treatment plan that is tailored to the biomarkers
of individual wounds, rather than what is currently a
more generic approach. This could potentially result in
better clinical outcomes for the patient and more efficient
use of resources.

Only one study investigated the effect of a topical
agent on wound temperature. Therefore, there is a fur-
ther need for clinical research in this area.

6 | CONCLUSION

The results of this systematic review indicated that that
the healing conditions of the wound may be modified by
topical agents and dressings applied to the wound. In par-
ticular, Manuka honey dressings, Acetic acid PHMB
appeared to lower the wound pH resulting in improved
wound outcomes. However, significant heterogeneity
exists within the studies included in this systematic
review and the evidence available is low both in volume
and quality. More robust research is needed to determine
whether topical agents and dressings have an impact on
the biomarkers of wound healing such as pH, tempera-
ture and to investigate the effect of pH on the antimicro-
bial efficacy of topical agents and dressings.
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