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Abstract Wound healing is a complex regeneration
process, which is characterised by intercalating degra-
dation and re-assembly of connective tissue and epi-
dermal layer. The pH value within the wound-milieu
inXuences indirectly and directly all biochemical reac-
tions taking place in this process of healing. Interest-
ingly it is so far a neglected parameter for the overall
outcome. For more than three decades the common
assumption amongst physicians was that a low pH
value, such as it is found on normal skin, is favourable
for wound healing. However, investigations have
shown that in fact some healing processes such as the
take-rate of skin-grafts require an alkaline milieu. The
matter is thus much more complicated than it was
assumed. This review article summarises the existing
literature dealing with the topic of pH value within the
wound-milieu, its inXuence on wound healing and criti-
cally discusses the currently existing data in this Weld.
The conclusion to be drawn at present is that the
wound pH indeed proves to be a potent inXuential fac-
tor for the healing process and that diVerent pH ranges
are required for certain distinct phases of wound heal-
ing. Further systematic data needs to be collected for a
better understanding of the pH requirements under

speciWc circumstances. This is important as it will help
to develop new pH targeted therapeutic strategies.
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Introduction

Wounds can be compared with a “large biological
building site”, where degradation of dead tissue inter-
calates with the assembly of new structures of extracel-
lular matrix and the covering lining of epithelium. In
order to complete this regeneration process success-
fully the wound is metabolically very active. This
involves biochemical reactions for which the pH value
is a very important factor.

The pH value expresses the negative logarithmic
scale for the eVective concentration of H+-ions in solu-
tion (pH = ¡log[H+]), i.e. in the interstitial milieu of
wounds. It ranges from 0 to 14 thus deWning H+-ion
concentrations of 100–10¡14 mol/l. Chemical reactions
require each a certain optimum pH value and the latter
is modiWed by endogenous and exogenous factors, like
for example the ambient temperature [1]. In summary
the pH value is a key determinant for the metabolism
during wound healing and thus also an important
parameter for therapeutic interventions in wound-care.

pH value of normal skin

Under normal circumstances an acidic milieu is found
on the skin surface which has been described Wrst by
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Hesus et al. in 1892 [12] and was later on conWrmed
again by Schade and Marchionini in 1928 [29] This
acidic milieu varies depending on the anatomical loca-
tion and age of the person between a pH of 4–6 and has
always been seen as an important aspect of the skin’s
barrier function. This pH milieu also seems to be
important for the resistance against external chemicals
[3, 24]. Sex-speciWc diVerences in pH milieu between
men and women could not be found so far [38]. The
physiological pH value results from amino acids, fatty
acids and others produced and secreted by the kerati-
nocyte layer and the skin appendages, which provide a
local shift in the natural lactate–bicarbonate buVer sys-
tem of the body towards an acidic milieu.

pH values and microorganisms on the skin

The skin’s acidic milieu is disturbed in wounds, where
underlying tissue with the body’s internal pH milieu of
7.4 becomes exposed. Most relevant human-patho-
genic bacteria need pH values above 6 and their
growth is inhibited by a lower pH value [21, 23, 30, 32].
The same applies to candida albicans yeast, another
increasingly important pathogenic microorganism, as
higher pH values promote an overgrowth with candida
species on the skin [27]. In this context a study by Stü-
ettgen and Schaefer showed that the pH milieu of nor-
mal skin becomes more alkaline by bacterial
colonisation [31].

Restoring the natural acidic milieu on the skin can
thus eVectively help to reduce the microbial load on
the body surface even if they are multiresistant to anti-
biotics. An interventional clinical study supported this
view by showing that topical application of acidic oint-
ments in diabetics and stroke patients signiWcantly
reduced their bacterial load on the skin surface [15]. It
is interesting and somewhat seems paradox, that essen-
tial bacterial enzymes like most of the staphylococci-
derived proteases are diminished in their activity by an
alkaline milieu, whereas the pH on normal skin pro-
motes greater protease activity [8]. Enterotoxin C2
from Staphylococci (SEC2) for example changes its
three-dimensional protein structure and with it the
activity depending on the pH value of the surrounding
milieu [14]. Many wounds, especially chronic leg ulcers
are often colonised by intestinal, oral and resident der-
mal microorganisms. However, whether a bacterial col-
onisation is per se a factor for delayed wound healing
has so far not been conclusively answered [16]. But it
can be unfavourable for the healing process, as for
Staphylococcus aureus, one of the most common con-
taminating bacteria found in wounds it has been shown

that its presence delays the healing of chronic wounds
[11]. Therefore it is a generally accepted concept in
clinical practice that one should aim to reduce bacterial
colonisation of wounds by appropriate therapeutic
measures. The body’s innate defence seems to pursue
the same strategy, as in wounds that are invaded by
neutrophils to combat bacteria, clinically seen as pus in
the wound, the pH value shifts towards acidic milieu.
However, a causal relationship between the measured
pH values and the degree of bacterial contamination or
the species of contaminating bacteria within the wound
has not been established so far [15]. Another aspect in
this context is that changing the pH value can aVect the
eVectiveness of antibiotics in infected wounds. In vitro
observations have shown for example that the toxicity
of a new glycopeptide antibiotic (Oritavancin, LY333328)
towards vancomycin resistant Enterobacter species (E.
faecium) decreases signiWcantly in an acidic milieu with
a pH value of 6.4 compared to pH values of 7.4 and 8.4
[22]. For the aminoglycoside gentamycin, still impor-
tant for gram negative soft tissue infections, it is just
the same. Its activity also strongly increases in an alka-
line milieu as a pH value of 7.8 results in a 90-fold
higher biological eYcacy compared to pH 5.5. In con-
trast for some other antibiotics, such as chlorampheni-
col, clindamycin and most of the �-lactam antibiotics it
has been shown that they are not inactivated in an
acidic milieu.

Therapeutic interventions changing the wound pH
milieu could help to eliminate bacterial contamination
and might therefore tackle one potential co-factor for
the delayed wound healing process. However, the
question of whether or not and under which certain cir-
cumstances a bacterial colonisation is actually unfa-
vourable for the natural healing process has to be
answered more precisely by means of future research
in this Weld.

pH milieu inXuences the proteolytic activity in chronic 
wounds

In chronic wounds the physiological balance between
tissue degradation and tissue reassembly is lost and cat-
abolic processes predominate. This explains the pleth-
ora of proteolytic enzymes found in the milieu of
chronic wounds. As long as the wound remains the
inXammatory phase, the catabolic enzymes remain
active in the tissue. When the healing eventually pro-
gresses and inXammation subsides, the physiological
balance slowly returns and protease activity diminishes.
In this context a study by Trengove et al. demonstrated
that activity of matrix-metalloproteases (MMPs)
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decreases consistently in venous leg ulcer patients as
they progress from non-healing to healing [33]. In addi-
tion, the authors found that the physiological opponent
of MMPs, the tissue inhibitor of MMP (e.g. TIMP-1)
raises to about tenfold the normal level in healing
wounds [2]. To take this further Greener et al. investi-
gated the pH dependency of certain proteases like
cathepsin-G, elastase, plasmin and MMP-2 that are rel-
evant for matrix degradation and re-assembly in
chronic wounds. A total of 19 secretion samples from
patients with chronic wounds were collected. The sam-
ples demonstrated a pH value of 7.5–8.9. Half of the
measured samples were in the pH range of 8.1to 8.3.
This is very interesting as the pH optimum for MMP-2,
plasmin and elastase is 8.0. A shift of the wound pH
value down to 6.0 would entail a 40–90% decrease of
activity of these enzymes and imply a profound impact
on the biochemistry of proteolytic activity at this stage
[9, 10]. These eVects may induce a beneWt for wound
healing, but that is speculative at this point and would
have to be backed up by appropriate further investiga-
tions.

pH milieu in wounds depends on time course
and wound-stage

During the healing of acute wounds a temporary physi-
ological acidosis is observed, which results from several
contributing factors. Important in this context is the
generation of organic acids, e.g. lactic acid and the
increased demand for O2 during the healing process
combined with a stasis of tissue perfusion increasing
the local pCO2 in wounds [13, 15, 25]. The production
of lactic acid is linked with the increase in glycolysis
during the phase of increased collagen production dur-
ing the healing process, which reaches its physiological
maximum on day 20 [15, 16]. Another facultative con-
tribution to the acidic milieu comes from pus within the
wound [15].

This physiological acidosis might be beneWcial for
the healing process, as an in vitro model with human
dermal Wbroblasts for experimental acute wounds
showed a signiWcant decrease in cell migration and
DNA synthesis following an increase of the pH milieu.
The authors conclude in their publication that an acidic
milieu is more beneWcial for the investigated parame-
ters related to wound healing [17]. Apart from that also
other processes, which are important for wound heal-
ing, such as proliferation of Wbroblasts, are induced by
an acidosis [19]. Another argument for the long stand-
ing hypothesis that a quick restoration of a normal
acidic skin milieu is good for wound healing comes

from the physiology of oxygen supply to the tissue [18,
20, 36]. The rationale behind this is that besides inhibit-
ing microbial colonisation, a low pH value also leads to
the so-called Bohr-eVect, i.e. an increase of the amount
of available oxygen for cells [13, 18]. The Bohr-eVect,
which was Wrst described by the Danish physiologist
Christian Bohr in 1904, results from a decreased bind-
ing capacity of haemoglobin under conditions of
decreased pH and/or increased CO2 levels in tissues.
This leads to a release of oxygen normally still bound
to haemoglobin. Due to this eVect the available tissue
concentration of oxygen at the wound edge, i.e. the
frontier of migrating epithelium, increases, which
would be beneWcial for healing [20].

In contrast to acute wounds, time course analysis of
pH value in chronic venous leg ulcers and pressure
sores has shown that the wound-milieu in these wounds
remains shifted to an alkaline milieu for most of the
time except for the re-epithelisation phase, where it
becomes acidic again [7, 28]. In a clinical investigation
enrolling 50 patients with chronic leg ulcers the mean
pH value measured was 7.7 (§0.3 SD), with a total
range measured of 7.3–8.9 [36]. Another study with 15
patients found values in the same range, i.e. 7.5–7.9.
Interestingly, the adjacent normal skin on the lower
limbs 10 cm away from the ulcer demonstrated pH val-
ues of 6.2–6.6 [7]. Thus the pH value in chronic wounds
is alkaline and the ulcers are surrounded by a zone of
adjacent skin with a disturbed acidic milieu, i.e. barrier
function. The same authors conducted measurements
of pH milieu in 8 patients with chronic pressure sores
on their legs in diVerent healing stages where they
found a mean pH value of 5.7 (§0.5 SD) in stage I
wounds, whereas the corresponding values for stage II
and stage III wounds were higher, i.e. 6.9 (§1 SD),
respectively 7.6 (§0.2 SD). Thus there is a clear diVer-
ence in pH milieu between early and later stage
chronic pressure sores, with one exemption. If the
wound became re-epithelialised during stage II, the pH
values dropped to 6.0 (§0.5 SD) thus the values of nor-
mal skin surface [17].

In another clinical study by Tsukada et al. serial
measurements of three patients with a chronic venous
leg ulcer revealed an average pH value of 6.1
(§1.3 SD) in stage II ulcers and 7.5 (§0.4 SD) in stage
III ulcers. These results conWrm again that the milieu in
stage III chronic wounds is much more alkaline than in
earlier stages of wound healing. Finally they measured
pH values in diVerent areas of epitheliating wounds in
four patients. Measurements in the centre of the
wound gave the highest pH values on average 7.6
(§0.6 SD), whereas those on the epitheliated wound bor-
ders showed physiological pH values of 5.9 (§0.4 SD)
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like normal skin [34]. Unfortunately the manuscript
neither contains details about the measuring procedure
itself nor about the exact clinical criteria, according to
which the patients’ wounds were classiWed.

pH milieu changes after wound debridement

The inXuence of the pH milieu on wound healing has
gained attention in wound-bed-preparation [20, 26].
Pus, necrotic tissue, and serum crusts are clinical indi-
cators of lower pH milieu. Such wounds had a mean
pH value of 6.1 (§0.6 SD). After a surgical debride-
ment of chronic wounds covered with necrotic tissue
the pH milieu increases immediately from an average
of 5.7–8.4 [34]. The same happens, if crusts on a wound
are removed by means of a hydrocolloid dressing. Thus
any sort of wound debridement seems to result in a pH
value shift towards an alkaline milieu. This raises inter-
est in the context of biosurgical debridement of
wounds. Biosurgery has proven to be beneWcial and is
achieved by putting larvae of lucilia sericata Xies onto
the wound. This intervention is also accompanied by a
shift of the pH value into the alkaline range. The rea-
son for this shift is not clear yet. It has been discussed
that the larvae secret multiple substances like e.g. phe-
nyl acetate, phenyl-acet aldehyde, allantoin, urea,
ammonium-ions and calcium-carbonate and digest the
Wbrinous wound secretions. On the background of
therapeutic success with this strategy it is now specu-
lated, whether the shift of pH milieu might actually be
one reason for the observed beneWt of biosurgery [6].
However, convincing arguments for this assumption
have yet to be presented.

Another method of wound-bed-preparation in
chronic wounds is the proteolytic debridement.
Table 1 lists the enzymes, which have been used in
such preparations. These data were recruited from the
national formulary, additional information gained
from scientiWc articles and from pharmaceutical com-
panies. As many of the enzymes are only eYciently
active within a restricted pH range it becomes clear
that one should know the pH value of the wound-
milieu in order to check prior to use, whether the
preparation to be chosen can be eVective at all under
the given conditions.

Modern wound care therapy modiWes the wound pH 
value

The use of hydrocolloid dressings does not change the
pH milieu of normal skin [34]. However, if modern

wound-dressings are used on chronic wounds, the pH
values in the wound-milieu can be modiWed in various
ways. Our own investigations with 39 patients with
chronic wounds and a total of 247 pH measurements
could show that individual pH values in such wounds
vary from person to person with a total range of 5.4–8.6
(Fig. 1). We further found in both, acute and chronic
wounds treated by modern standards of wound care, a
mean pH about 7.4. A time course analysis of wound pH
milieu in selected individual patients over 12 months
revealed that the pH values over this period of time
could vary by 1.73 units [6]. Particularly the kind of
dressing applied to the wound itself aVects the pH value
underneath it. Wound secretions of chronic wounds
under non-permeable dressings demonstrated a more
acidic milieu than secretions of wounds, where a perme-
able dressing is used. The acidic secretions of such
wounds treated with occlusive synthetic dressings
showed in further in vitro investigations a capacity to
inhibit bacterial growth on the one hand and promote
Wbroblast growth on the other [35]. Wilson et al. investi-
gated this potential beneWt of an acidic pH achieved by
special dressings further in a prospective clinical analysis
with 36 patients suVering from a chronic venous leg
ulcer. These patients were randomised into two groups.
Group 1 was treated twice weekly with an un-buVered
emulsion of pH value 7.3, whereas group 2 was treated
with a buVered phosphate solution of pH value 6.0.
Readout criterion was the spatial spreading of epithe-
lium on the wound surface. In group 2 that received the
buVered pH value 6.0 emulsion the epithelium spreaded

Table 1 Biochemical characteristics of a variety of enzymes used
in preparations for enzymatic wound debridement

DNAse
Activity pH 4.5–5.5 (Wbrinolysis)
Activity pH 7.0–8.0 (DNA lysis)

Fibrinolysin
Activity pH 7.0–8.0

Kollagenase
pH optimum 6.0–8.0

Krill-enzyme
pH optimum above 7.5

Papain 
Activity pH 3.0–12.9
pH optimum 7.0

Plasmin
pH optimum 7.0

Streptodornase
pH optimum pH 7.5

Streptokinase
Activity pH 7.3–7.6

Sutilain
pH optimum 6.0–6.8

Trypsin
pH optimum 7.0
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22.6 mm/day (§15.2 SD), whereas in group 1 treated
with 7.3 pH value emulsion only a reduced spreading of
3.3 mm/day (§7.4 SD) was measured. The authors fur-
ther noticed that all ulcers in group 2 healed completely,
whereas 11% (2/18) of the ulcers in group 1 did not heal
[36]. In another open prospective clinical study 20
patients with chronic venous ulcer were treated for
24 weeks with a multi-layer dressing. The pH value ini-
tially had a median of 7.4 and decreased to 6.6 at the end
of the investigation in those patients that improved
under therapy. In addition to this an inverse correlation
between pH value and available oxygen supply in the
wound was found, which in principle supports the above
mentioned Bohr-eVect [25]. In summary a targeted titra-
tion of the wound pH towards an acidic milieu appears
to support the self-healing process of the wound.

pH milieu inXuences the take-rate of skin-grafts

Many wounds do not heal by themselves and need skin-
graft transplantations. Until now only very few investi-
gations have been carried that investigated the relation-
ship between wound pH milieu and the take-rate of
skin-grafts. Furthermore, the few studies that were per-
formed in this Weld are very heterogeneous in measure-
ment techniques, patients recruited and grafts used for
transplantation. Despite this fact, however, they all hint
into the same direction. An investigation by Glinz et al.
with 36 patients reports again a range of pH values of
6.9–9.4 in the wound-milieu. In 64% of patients the max-
imum pH value was 8.2. The authors further state in this
article that under a local therapy regime with cotton
gauze soaked in 0.9% saline solution the optimum pH
range for the highest take-rate of 90% achieved was 7.4–
8.2 [15]. Unfortunately, the article lacks many important
details, such as the transplantation take-rate in the other

pH ranges and clinical data of the enrolled patients. Fur-
thermore the authors used several skin replacement
strategies in parallel within this study involving mesh-
graft and full thickness skin-grafts without diVerentiating
between them. A second study in this Weld by Sayegh
et al. Wrst correlates the take-rate of skin transplants in
wounded rats with the pH range within the wound. At a
pH value of 6.6 a 0–30% take-rate, at a pH value 6.8 a
50–100% take and at a pH value 7.0 a 87–100% take was
noted. The animal data was then compared to the take-
rates of skin transplants in humans. The authors
recruited 25 patients with 2nd and 3rd degree burns for
this part of the study. At a pH milieu of 6.4 overall 20%
of skin-grafts were successful, at a pH value of 6.6–35%,
at pH value 6.8–66% at pH value 7.0–77% and at pH
value 7.2–90%. Thus their Wnding in rats could be con-
Wrmed in humans with burn wounds. To look at other
types of wounds the authors then recruited 18 patients
with diVerent types of ulcers. As before, below a cut-oV
pH value of 7.4 no graft was taken, whereas in the cases
where the actual pH milieu was above this cut-oV 100%
of skin-grafts were taken [16]. These Wndings are sup-
ported further by another investigation by Ye et al., who
also looked at the take-rate of skin-graft in patients with
acute and chronic wounds of diVerent origin. In a total
of 90 patients no case was noted, where a skin-graft was
successful in wounds with a pH value below 7.0, whereas
as before, 99% of skin-grafts were taken in wounds with
a pH value of 7.4 and higher [37].

In summary all studies performed support the view
that a skin transplant heals best on a chronic wound if
the pH value is above 7.4. Important aspects of the
diVerent studies in this Weld are summarised in Table 2.

Conclusion

Looking at the various aspects in which the pH value
can inXuence wound healing it clearly proves to be a
potent inXuential factor for the Wnal outcome. Interest-
ingly, so far only few investigations have been per-
formed in this Weld. The results from currently
available data can be summarised as follows:

• physiological milieu of the skin is acidic, which sup-
ports the natural barrier function and helps to coun-
teract microbial colonisation;

• chronic wounds and infected wounds with a high
bacterial load characterised by a pH above 7.3;

• acute wounds, wounds with pus or necrotic tissue
and chronic wounds that progress in their healing
process show an acidic pH;

• pH value in wounds is a dynamic factor that can
change rapidly with therapeutic interventions;

Fig. 1 Measuring the wound pH value in a chronic wound with
an customised Xat glass-membrane-probe
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• wound debridement increases the pH value;
• successful skin-grafting needs a wound-bed with pH

values above 7.3.

Therefore, the pH value in wounds seems to be inXu-
enced by many diVerent endogenous and exogenous
factors. Figure 2 summarises the current available data
for typical acute and chronic wounds (Fig. 2). Investi-
gations looking at various aspects of wound healing
support the old general view, that an acidic pH in the
wound supports most aspects of the natural healing
process. Such a pH milieu suppresses bacterial growth,
reduces proteolytic activity, enhances Wbroblast growth
in vitro, leads to more oxygen supply and is an indica-
tor of successful self-healing of chronic wounds. In con-
trast to that, biosurgery is characterised by a shift
towards an alkaline pH. Furthermore many chronic
wounds will not heal by themselves despite all modern
wound care dressing strategies. In these cases deliber-
ated surgical intervention is inevitable and one of the
key aspects of that is skin-grafting. In this Weld all data
available so far clearly shows that a successful skin-
graft needs an alkaline wound milieu.

In total there are only few investigations in this Weld
on the inXuence of the pH milieu in wound healing so
far. But from what is known it becomes clear that
future investigations aiming at a targeted modiWcation
of the wound pH milieu might be a very promising
novel approach in wound care. To illustrate this with

Table 2 Take-rates of skin transplants in diVerent studies com-
pared with wound pH values

Author Species Wound 
type

n Successful 
grafting

pH Take-rate
(%)

Sayegh Rat ArteWcial 15 6.6 0–30
6.8 50–100
7.0 87–100
7.2 100

Sayegh Human Burn 25 6.4 20
6.6 35
6.8 66
7.0 77
7.2 90

Sayegh Human Ulcers 18 <7.4 0
>7.4 100

Ye Human Ulcers 90 6.8–7.0 0
7.0–7.2 6
7.2–7.4 47
7.4–7.6 91.4
>7.4 99

Fig. 2 a Course of pH milieu 
in acute wounds. b Course of 
pH milieu in chronic wounds
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another example, the raising clinical problem of multi-
resistant bacteria such as methicillin resistant Staphylo-
coccus aureus (MRSA) can be taken. Those bacteria
are very diYcult to tackle and a treatment approach
with a shift of the wound pH milieu might be a new
strategy to eliminate them from wounds [4, 5]. Thus as
the basis for further expansion of our knowledge in this
Weld routine pH measurements should be considered
as a Wrst step. The measurement procedure is simple,
fast and can therefore also be performed in an outpa-
tient clinic. The industry has already provided Wrst new
products, which allow inXuencing directly the wound
pH value. Thus, the so far neglected parameter pH
milieu might together with other clinical data from the
patients’ records provide in the future the basis for
some therapeutically decisions.
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