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Abstract

The aim of this feasibility study was to investigate the impact of inflamma-

tion management on wound pH, temperature, and bacterial burden, using

the principles of TIME and Wound Bed Preparation. A quantitative non-

comparative, prospective, descriptive observational design. Following ethi-

cal approval, 26 participants with 27 wounds of varying aetiologies were

observed twice weekly for 2 weeks. Wounds were treated with cleansing,

repeated sharp debridement, and topical cadexomer iodine. Wound pH

(pH indicator strips), temperature (infrared camera), bacterial burden (fluo-

rescence imaging) and size (ruler method) was monitored at each visit. The

mean age of all participants was 47 years (SD: 20.3 years), and 79% (n = 19)

were male, and most wounds were acute (70%; n = 19) and included surgi-

cal and trauma wounds, the remaining (30%; n = 8) were chronic and

included vascular ulcers and non-healing surgical wounds. Mean wound

duration was 53.88 days (SD: 64.49 days). Over the follow up period, pH

values ranged from 6 to 8.7, temperature (centre spot) ranged from 28.4�C
to 36.4�C and there was an average 39% reduction in wound size. Inflamma-

tion management had a positive effect on pH, temperature, bacterial bur-

den, and wound size. This study demonstrated that it was feasible to

practice inflammation management using a structured approach to enhance

wound outcomes.
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Key Messages
• wound assessment incorporating objective measures such as pH and tem-

perature measurement is valuable in monitoring the wound status
• the MolecuLight i:X fluorescence imaging device can also be used in assess-

ment and to guide appropriate treatment

Received: 16 May 2022 Revised: 26 September 2022 Accepted: 27 September 2022

DOI: 10.1111/iwj.13970

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

© 2022 The Authors. International Wound Journal published by Medicalhelplines.com Inc (3M) and John Wiley & Sons Ltd.

Int Wound J. 2022;1–12. wileyonlinelibrary.com/journal/iwj 1

https://orcid.org/0000-0002-7739-5106
https://orcid.org/0000-0002-4692-9718
mailto:rosemariederwin@rcsi.ie
http://creativecommons.org/licenses/by-nc/4.0/
http://wileyonlinelibrary.com/journal/iwj


Partnership Scheme, Grant/Award
Number: EPSPG/2016/159

• Wound Bed Preparation incorporating the TIME concept has a positive
effect on wound outcomes in reducing pH temperature, bacterial burden,
and subsequent wound size

1 | INTRODUCTION AND
BACKGROUND

Non-healing wounds are a significant problem for both
the individual and the health care system and with the
rising population ageing demographic this is set to esca-
late further.1 Optimal wound management requires
health care professionals to conduct a comprehensive
wound assessment to examine the status of the wound
and its progress, or lack thereof, through the stages of
the wound healing process.2–6 Moreover, in clinical
practice, wound assessment is the key way to determine
how a wound is progressing, or not.1,2,6 Therefore,
timely and meaningful assessment, followed by the
selection of appropriate interventions is needed for
achieving successful wound closure.7–9

The TIME acronym was used to address the princi-
ples associated with impaired wound healing. T refers to
tissue management, I refers to infection/inflammation, M
refers to moisture, and E refers to the quality of the
wound edge.10–12 This framework acknowledges the cel-
lular processes involved in wound healing and provides
health care professionals with a structured approach for
managing hard-to-heal wounds.8,10 Successful wound
preparation incorporates these elements and includes
methods for maintenance debridement, an understand-
ing of the infection continuum, biofilms, and the devel-
opment of new dressings.

Most wounds contain biofilm which presents a major
challenge to wound healing.13 Sharp debridement is
recognised for its ability to reduce biofilm, although as
the biofilm reforms quickly, there is need to combine the
debridement with the use of appropriate antimicrobial
agents.13 Cadexomer iodine is routinely used in the
wound management clinic where this study was con-
ducted, it is continued for 2 weeks and then the treat-
ment plan is reassessed. Despite the widespread use of
topical antimicrobials with Cadexomer iodine in clinical
practice, there are relatively few studies that have investi-
gated its effect on pH.

MolecuLight i:X is a point-of-care diagnostic imaging
device for the detection of moderate to heavy bacterial
loads.14,15 The device is based on the principles of auto-
fluorescence, whereby the device illuminates the wound with
violet light, causing tissues and bacteria to produce endoge-
nous fluorescence signals.16 Additionally, the researcher
examined if the principle of TIME (I-Inflammation

management) and Wound Bed Preparation influenced the
parameters of wound healing (pH, temperature, and wound
area reduction).

2 | METHODS

2.1 | Research design

This study employed a non-comparative, prospective,
descriptive observational study approach to follow
patients with locally infected or non-healing wounds of
varying aetiologies, over a 2-week period. Ethical
approval to undertake the study was obtained in July
2019 (reference number: 2019-06 (02)). The 10 articles of
the Nuremberg Code, the basic ethical principles from
the Belmont Report, and the Code of Professional Con-
duct for Nurses and Midwives17 were adhered to through-
out the study.

2.2 | Objectives

The overarching objective of this study was to assess the
effect of inflammation management on wound pH, tem-
perature, and bacterial burden, and to use this informa-
tion to inform the development of smart dressings.

2.3 | Outcomes

• Wound pH, as measured using pH indicator strips
MQuant (Merck).

• Wound temperature, as measured using an infrared
camera.

• Presence of bacteria in the wounds, as measured using
MolecuLight i:X.

• Wound healing depicted by the percentage reduction
in wound size from baseline to study end, as measured
using the ruler method.

2.4 | Sample size and setting

Advice was sought from the Biostatistical Consulting and
Support Service, in the university where the research
team is based. The sample size was estimated based on
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the findings from a previous study, where the researcher
identified among the included participants, an average
baseline wound size of 910.5 mm2 (SD: 1132.29 mm2).
There was an average improvement (decrease in wound
size) of approximately 281.9 mm2 (SD: 470.56 mm2).
Approximately 70% of patients had at least a 20% reduc-
tion in wound size in a 2-week period. To detect an aver-
age reduction of least 200 mm2 (SD: 470.56 mm2), using
an alpha (α) of .05 and a power of 0.9, approximately
47 patients were required. Allowing for a 10% loss to
follow-up, the researcher initially planned to recruit
approximately 52 patients for the study. It was envisaged
that this would allow achievement of the number of
patients with at least a 20% reduction in wound size, to
within a margin of error of approximately 12%. Non-
probability, convenience sampling was used to recruit
participants. Consecutively presenting patients attend-
ing the specialist wound clinic were invited to partici-
pate by the gatekeeper, the manager of the wound
management clinic.

2.5 | Inclusion criteria

• Patients who had an open localised infected or non-
healing wound.
� Infected: signs and symptoms clinically assessed

such as pain, heat, oedema, erythema, malodour,
and purulent exudate.

� Non-healing as identified when no progression
towards healing had been noted over a 2-week period.

• Patients that were attending the dressing clinic at least
twice weekly.

• Patients that were attending the dressing clinic for a
minimum duration of 2 weeks.

• Patients who gave consent.

2.6 | Exclusion criteria

• Patients who would not be regularly attending the
wound clinic.

• Patients who did not consent.

2.7 | Instruments

2.7.1 | pH indicator strips

The wound surface pH was measured using pH indicator
strips MQuant (Merck). This method had been used and
validated in other studies.18–20 One of the nurses in the
dressing clinic removed the wound dressing, the

researcher took the pH measurement using the pH strip
(5-10, and then 6.5-10) prior to wound cleansing. The pH
strip was placed on the wound for 15 seconds and read
after 30 seconds to allow the strip to develop. The pH
strip was then compared with the colour code. The accu-
racy of the strips was validated against buffer solutions
(pH 4, pH 7, and pH 10).

2.7.2 | Thermal imaging

FLIR E 6 is a thermal imaging camera with a medium reso-
lution of 160 � 120 pixels. Its measurable range is between
20�C and 250�C and it has an accuracy of 0.2�C. Based on
previous studies the value for emissivity was estimated to
be 0.98.21,22 The FLIR E6 thermal imaging camera is non-
invasive and did not touch the wound. After measuring the
pH of the wound, the researcher then made a FLIR E6 ther-
mal image of the wound. The thermal image was taken at
20 cm from the wound.22,23 Temperatures were measured
in degrees centigrade. FLIR Tools software application was
used to locate and record the following measurements:

• The temperature of the centre of the wound.
• The hottest part of the wound.
• The average wound temperature.
• The average and highest wound edge.
• Room temperature and humidity.

2.7.3 | Imaging of bacterial burden

A hand-held fluorescence imaging device (MolecuLight i:
X MolecuLight Inc, Toronto, Canada) was used to detect
and monitor regions of bacterial burden in the wound
and periwound regions. The device is non-invasive and
does not contact the wound. This device through endoge-
nous autofluorescence visualises the presence of poten-
tially harmful levels of bacteria in the wound. Bacteria
can be seen on the wound surface and subsurface tissues
to a depth of 1.5 mm.16 The researcher captured the
images after dressing removal after the pH was moni-
tored. The range finder on the device determined the
accurate distance between the wound and the device,
which was between 8 and 12 cm. A standard image was
taken of the wound, then the lights were turned off and a
fluorescent image of the wound was taken. The ambient-
light sensor on the device indicated whether the room
was dark enough to take the fluorescence images. In situ-
ations where the light was too bright, a single-use-only
dark drape was used. Real-time visualisation of patho-
genic bacteria in the wound was assessed and recorded.
Moderate/heavy bacterial contamination (≥104 CFU/g)
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present in the wound and surrounding region appear as
red (most gram-negative and gram-positive species) or
cyan/white (Pseudomonas aeruginosa) on images.15,24–27

Additional details on imaging colour indicators are
shown in Table 1.

2.7.4 | Wound measurement

At each visit, a ruler was used to measure wound length
(longest axis) and width (greatest perpendicular axis),
from which the area was calculated by multiplying the
length by the width. The depth and any undermining
were measured using a wound measuring stick. The
length, width, and area were recorded to track progres-
sion. The depth and undermining if present were also
recorded. The researcher also measured the wound using
digital photography using the MolecuLight i:X device.
The wound reduction rate was calculated as follows;
wound reduction rate (%) = (baseline area week 1 day
1, area at week 2 day 4)/baseline area � 100.28,29

2.8 | Study procedure

This study adopted the following principles of TIME and
Wound Bed Preparation performed by a nurse in the
dressing clinic:

• Cleanse-using saline.
• Debride-using curettage.
• Manage-using topical cadexomer Iodine and gauze

dressing or a foam dressing depending on the level
of exudate. In clinical practice cadexomer iodine is
used for 2 weeks and then the treatment plan is
reassessed.

• Dressings changed twice weekly for 2 weeks.

2.9 | Data analysis

Microsoft Excel (version 16.35) and STATA (version 15.1)
was used to perform descriptive and inferential data

analysis as appropriate. Descriptive statistics were pre-
sented using means, SDs, counts, and percentages. The
frequency distributions were used to describe categorical
data including gender, comorbidities, type of wound, and
location of wound, whereas the means and SDs were
used to describe continuous data including age, duration
of the wound, pH, temperature, and wound size. Correla-
tion analysis was conducted using the Pearson correla-
tion coefficient to test for linear relationships between
the data.30,31 Thermographic analysis was performed
using the FLIR software and FLIR Tools. Analysis explor-
ing the mean differences in pH, temperature, and wound
size from baseline to finish was also conducted. RevMan
5 was used to calculate mean differences and 95% confi-
dence intervals (CI).32 Table 1 illustrates how the Fluo-
rescence Images were interpreted.

3 | RESULTS

3.1 | The flow of participants through
the study

Twenty-six participants were recruited; two participants
developed a second wound during the study, therefore, a
total of 27 wounds were observed over the 2-week period.
Figure 1 illustrates the flow of participants in the study.
While baseline data were collected on 26 participants at

TABLE 1 Colour indicators for interpretation of fluorescence

images

Colour Indicator

Red Potentially pathogenic bacteria

Cyan Pseudomonas aeruginosa

Black/dark Blood, highly vascularised tissues, pigmented
lesions, necrotic tissue

Green Connective tissue

Consented 

(n = 26) 

Follow up schedule 

Week 1 
(n = 25) 

Week 2 
(n = 25) 

Number of par�cipants invited to 
par�cipate: (n = 26) 

FIGURE 1 The flow of participants through the study
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week 1, 1 participant did not return for their scheduled
follow-up visits and was subsequently excluded from the
study (4%; n = 1). Data were collected at four-time points
over the 2-week duration.

3.2 | Demographic profile of the
participants

Most of the participants (79%; n = 19) were male. The
age of participants spanned from 18 to 81 years of age
(mean age 47 years; SD: 20.3 years). Sixty-two percent
(n = 15) of the participants presented with comorbidities,
and 26% (n = 7) had two or more comorbidities. Cardio-
vascular disease 30% (n = 7) was the most common
reported co-morbidity, followed by gastrointestinal dis-
eases 22% (n = 5) and diabetes 13% (n = 3). In addition,
38% (n = 9) of the participants were overweight. Further,
41% (n = 10) of the participants smoked.

Wounds were classified as acute if their duration was
less than 12 weeks at baseline and chronic if their dura-
tion was greater than 3 months at baseline. Most of the
wounds observed were surgical (67%; n = 18). Overall,
70% (n = 19) of the wounds were classified as acute and
included surgical wounds, pilonidal sinus, and wounds
caused by trauma. Thus, 30% (n = 8) were classified as
chronic wounds and included vascular ulcers and non-
healing surgical wounds. The mean duration of the par-
ticipants' wounds was 53.88 days (SD: 64.49 days, range:
3-217 days). The most common anatomical sites were the
foot (22%; n = 6), the lower leg (19%; n = 5), abdomen
(19%; n = 5) and buttocks (19%; n = 5).

3.3 | pH

For pH measurement, a figure <7 indicates acidity and
>7 indicates alkalinity. Overall, pH at baseline ranged
from 7.90 to 8.70 (mean 8.57; SD: 0.22). Most participants
(93%; n = 25) had a pH above 8 on day 1 and this was
irrespective of the wound being acute or chronic. Seven
percent (n = 2) of the participants had a pH lower than
8 (pH 7.9). Both wounds were acute, one surgical and
one caused by trauma. One wound was almost healed,
and the other was necrotic. The MolecuLight i:X device
displayed a black image of both wounds, suggesting that
the wounds were displaying highly vascularised tissue,
pigmented lesions, or necrotic tissue. Table 2 presents the
mean pH values over the study duration. There was a
0.76-unit reduction in mean pH from pH 8.57 to 7.81 over
the study follow-up period.

3.4 | Temperature

Room temperature ranged from 18.9�C to 23.3�C, with
an overall mean temperature of 21.52�C. Figure 2
illustrates the method used to analyse the infrared
images. The temperature of the centre of the wound,
the highest wound edge reading, the hottest part of
the wound, and the average wound temperature was
recorded.

Figure 2A,D is normal photographs of the venous leg
ulcer at the start and end of the study respectively. The
legends in the upper right corners show the characteris-
tics of the wound temperature including the maximum,
the mean wound temperature, the centre spot, the wound
edges, and adjacent skin.

Tables 3 to 5 report the summary statistics of wound
temperatures and the room temperatures. Overall, wound
bed temperatures immediately after dressing removal in
week 1, day 1, ranged from 28.40�C to 36.30�C (centre
spot: mean temperature of 32.55�C; SD: 2.21�C). On week
2, day 4, the mean wound temperature was lower and ran-
ged from 28.50�C to 36.40�C (centre spot: mean tempera-
ture of 31.88�C; SD: 2.06�C). This was an overall reduction
in the temperature of the centre spot of 2%.

Overall, the highest temperature at the wound edge
was 37.2�C. In week 1 this ranged from 33.3�C to 36.3�C
(highest wound edge mean temperature 34.03�C; SD:
1.80�C). In week 2, day 4, the highest wound edge ranged
from 29.4�C to 37.2�C (highest wound edge mean tem-
perature 32.96�C; SD: 1.81�C) (Table 4). This equates to a
3% reduction in the highest wound edge temperature
from baseline to study completion.

The average wound temperature was calculated based
on the difference between the highest and lowest reading
of the wound temperature. In week 1, the average wound
temperature was 32.68�C (SD: 1.86�C), in week 2 this was
32.24�C (SD: 1.78�C) (Table 5). Further analysis showed
that the mean difference in average wound temperature
from baseline to study completion was 0.44�C (95% CI:
�0.53�C to 1.41�C; P = .37). This indicates a 1% reduc-
tion in average wound temperature from baseline to
study completion.

TABLE 2 Mean wound surface pH weeks 1 to 2 (n = 27)

Week Mean SD Minimum Maximum

Week 1 day 1 8.57 0.22 7.90 8.70

Week 1 day 2 8.30 0.46 6.50 8.70

Week 2 day 3 8.14 0.60 6.50 8.70

Week 2 day 4 7.81 0.91 6.00 8.70
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3.5 | Wound size

The wound area in week 1, day 1, ranged from 70 to
455 mm2 with a mean baseline wound size of 97.40 mm2

(SD: 102.20 mm2). Wound area in week 2, day 4, ranged

from 0 to 333 mm2, with a mean wound size of
59.10 mm2 (SD: 79.10 mm2). Table 6 displays the sum-
mary statistics for wound size over the 2 weeks.

Further analysis showed that the mean difference in
wound size from start to finish was 38.30 mm2 (95% CI:
�10.45 to 87.05 mm2; P = .12). One wound healed and

FIGURE 2 Temperature analysis in the FLIR Tool application. The wound of the eighth participant is illustrated in Figure 2. (A-D)

Normal photographs of the venous leg ulcer at the start and end of the study respectively. The legends in the upper right corners show the

characteristics of the wound temperature including the maximum, the mean wound temperature, the centre spot, the wound edges, and

adjacent skin.

TABLE 3 Summary wound

temperature (�C) wound centre spot
Week Mean (n = 27) SD Minimum Maximum Room mean

Week 1 day 1 32.55 2.21 28.40 36.30 21.56

Week 1 day 2 32.17 1.80 28.80 36.10 21.69

Week 2 day 3 32.10 1.99 28.70 37.00 21.44

Week 2 day 4 31.88 2.06 28.50 36.40 21.41

TABLE 4 Summary wound temperature (�C)-highest
wound edge

Week Mean SD Minimum Maximum

Week 1 day1 34.03 1.80 33.3 36.3

Week 1 day 2 33.29 1.58 31.1 36.2

Week 2 day 3 33.06 1.93 29.3 37.1

Week 2 day 4 32.96 1.81 29.4 37.2

TABLE 5 Summary average wound temperatures (�C)

Week Mean SD Minimum Maximum

Week 1 day 1 32.68 1.86 30.50 34.80

Week 1 day 2 32.19 1.57 29.90 35.30

Week 2 day 3 32.19 1.90 28.90 36.20

Week 2 day 4 32.24 1.78 29.20 36.00
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most wounds reduced in size (Table 6). Overall, there
was a 39% reduction in wound size from baseline to study
completion. There was a strong positive correlation
between pH and wound area (r = 0.92) and between tem-
perature and wound size (r = 0.98), as pH and tempera-
ture decreased, wound size also decreased.

3.6 | Bacterial burden imaging

At baseline, 78% (n = 21) of the wounds had harmful
levels of bacteria present in their wounds indicated by
the red, blush red or cyan colour on the fluorescence
image (Table 7). This figure was reduced to 22% (n = 6) fol-
lowing 2 weeks of inflammation management. One wound
image (4%) had cyan (Pseudomonas aeruginosa) and the
remaining 22% (n = 6) of wounds had red, with blush red
in one wound, indicating the sub-surface bacterial presence.
Overall, these wounds had an associated rise in the wound
temperature, and the wound pH remained the same (15%;
n = 4) or increased (11%; n = 2).

4 | DISCUSSION

Wound healing is a complex process caused by tissue
injury and comprises four, often overlapping stages,
namely, haemostasis, inflammation, proliferation and
remodelling.33 Most wounds progress through these
stages of healing uninhibited. However, a minority of
wounds do not progress in a timely manner, often getting
stuck in the inflammatory phase, resulting in a chronic
wound.8 Lack of appropriate assessment, where early
identification of problems with wound healing are not
readily identified, leads to inappropriate management,
compounding the challenge of non-healing wounds.34

Notably, many of the large studies that have explored the
costs of wound care35–37 have identified that a lack of
appropriate assessment and diagnosis leads to both poor
outcomes and high costs. This is worrying as in a more
recent account Guest,38 reported that there is an overall
increase in people with wounds and notably there are
more younger people presenting with wounds than ever
before. Therefore, if the current state of play pertaining

to the provision of wound management services remains
unchallenged, the growing burden of wounds will have a
huge effect on limited healthcare resources38 and on the
individuals and their families.

A thorough wound assessment is a pivotal part of
Wound Bed Preparation.8 Wound care principles such as
Tissue, Inflammation/Infection, Moisture imbalance, and
Epithelial edge summarised by the TIME concept, pro-
vide a systematic approach to wound management.
According to guidelines developed by the Health Service
Executive6 and the European Wound Management
Association,39 the objective of Wound Bed Preparation is
to promote optimal healing and wound-closure using
appropriate diagnosis and treatment of the cause of
delayed wound healing.40 Although this approach is com-
monly adopted in clinical practice,8,41–44 it has not been
widely tested in clinical practice.13

A total of 108 pH observations were analysed. Individual
pH values varied from person to person ranging from 7.90
to 8.70 at baseline. Most patients had a pH above 8 at base-
line irrespective of whether the wound was acute or chronic.
Interestingly, only two wounds, one surgical and one
trauma, had a pH lower than pH 8 at baseline. Of these, one
wound was almost healed, and the other was necrotic. As
the wound heals and re-epithelialisation occurs, the healed
area returns to being acidic.45 Necrotic wounds have previ-
ously been reported as being associated with a lower pH.46

Overall, both acute and chronic wounds that healed
went through a phase of slowly decreasing pH (alkaline)
values until the wound was in the re-epithelisation stage
and almost closed, whereupon the pH returned to an acidic
pH. A rise in pH in wounds that had been previously
recorded as having lower pH values indicated the presence
of harmful levels of bacteria in the wound. At the study
baseline, 78% (n = 21) percent of the participants had
potentially harmful bacteria present in their wounds.
Following 2 weeks of inflammation management, the
presence of bacteria decreased to 26% (n = 7) of partici-
pants displaying the presence of pathogenic bacteria in
their wounds.

The reductions in pH values in the current study may
be due to the interventions aimed at inflammation man-
agement, in particular, debridement, or it could be that
Cadexomer iodine influenced pH either directly, or

TABLE 6 Wound size (mm2) Week Mean (mm2) SD (mm2) Minimum (mm2) Maximum (mm2)

Day 1 97.40 102.20 70.00 455.00

Day 2 81.90 91.80 40.00 390.00

Day 3 70.80 84.50 90.00 333.00

Day 4 59.10 79.10 0.00 333.00
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inadvertently, by reducing the bacteria present in the
wound. The bacterial reduction will ultimately reduce
the amount of ammonia in the wound and therefore
result in a lower pH value.45 To the author's knowledge
there are no studies to confirm if wound debridement
lowers pH. However, there are studies that report that
larval therapy increases the wound pH by releasing
ammonia into the wound bed.47,48

Overall, in the current study, the results of the rela-
tionship between pH and wound healing outcomes, as
evidenced by changes in the wound surface area, indicate
that as pH reduced, wound size also decreased. There
was a 39% reduction in wound size from baseline to
study-end and a reduction in wound size of 39% over
2 weeks is of clinical significance. In the current study, in
all instances where harmful levels of bacteria were evi-
dent, this was accompanied by a wound pH value of 8.30
or above. Moreover, when the pH was lower or equal to
6.50, harmful levels of bacteria were not present in the
wound. Therefore, it is reasonable to conclude that
inflammation management using a combined approach
of debridement and antimicrobial use enhanced wound
outcomes with a reduction in pH, bacterial burden, and
wound size from baseline to study end.

The results demonstrated that as temperature
decreased wound size also decreased. Notably, in
instances where the wound was infected the temperature
increased. In the presence of potentially pathogenic bac-
teria in some wounds, there was a notable difference
from the temperature in the centre of the wound to the
temperature at the highest wound edge and periwound.
This demonstrates that it is important to measure tem-
perature at different points of the wound, such as at the
centre of the wound and the wound edges and peri-
wound. Previous research concurs with this finding, that
an increased periwound temperature is indicative of bac-
terial colonisation.49,50

In the current study, there was a wide variation of
wound temperatures which could be due to internal and
external factors such as the wound location, the wound
type, the participants' age and weight, and the partici-
pants' comorbidities and room temperature.51,52 Gethin
and O'Connor22 in an observational study of individuals
with diabetic foot ulcers, reported a mean wound temper-
ature of 30.90�C (SD: 3.00�C) at baseline and in the cur-
rent study, the mean wound temperature at baseline was
higher at 32.55�C (SD: 2.21�C). This was possibly due to
the type and location of all the wounds, as they were of
mixed aetiology. However, in the present study, the mean
temperature of the three diabetic foot ulcers was 30.70�C,
a finding like Gethin and O'Connor.22 This indicates that
the temperature is cooler on the lower extremities. It
would be expected that the limbs would have a lower

temperature than the core body area such as the trunk.52

Further, this highlights the variability of wound tempera-
ture at different locations in the body. On the other hand,
the low temperature could also be possibly due to poor per-
fusion secondary to diabetes. People with type 2 diabetes
often develop diabetes-related complications including neu-
ropathy and micro-and macrovascular impairments.53

Notably, most temperature measurements in the cur-
rent study were below the 33�C threshold that is argued to
be needed for the cellular activity of neutrophils, fibroblasts,
and epithelial cells.54,55 The findings suggest that wound
temperature is variable depending on wound aetiology and
location. Thus, it may not be relevant to consider an aver-
age cut-off temperature which is accepted as beneficial,
rather it is more important to look at trends and deviations
within each individual participant.

Biofilms are often the cause of delayed healing even
when underlying diseases and other factors have been
addressed.56–58 It is thought that biofilm is present in
most, if not all, chronic non-healing wounds.13,56,58,59

Hurlow, Blanz59 in a study of human wound debridement
samples reported that 75% of the samples tested had biofilm
present, despite previous treatment with antimicrobial
agents and antibiotics. Although the wounds that contained
biofilm were not all acutely infected, in all instances when
infection was noted, biofilm was also present.

All wounds contain bacteria, and the infection contin-
uum spans from contamination through critical colonisa-
tion to infection. Thereafter, the infection spreads and
finally results in systemic infection.6,60 Colonisation is
the presence of bacteria in the wound which does not affect
the patient. At this stage, there is no active disease or ill-
health, and therefore no signs or symptoms of infection.
Critical colonisation is the point when the bacteria are caus-
ing a problem locally in the wound, without causing sys-
temic problems for the patient. However, if not well
managed, or in patients with a compromised immune
response, critical colonisation can develop further where
the patient may present with the active signs of infection.61

Bacterial colonisation can occur in asymptomatic
patients as evidenced in the current study, where most of
the participants had no symptoms of infection other than
a rise in wound pH and wound temperature. Previous
studies have highlighted that the host's response to bacte-
rial burden varies greatly, and often is completely absent,
with the result that the patient is asymptomatic.25,26,62

Gardner and Hillis,63 in a study investigating the diagnos-
tic validity of clinical signs of localised wound infection
in individuals with diabetic foot ulcers, demonstrated
that no single sign of infection was sufficient to predict
bacterial loads greater than 106 CFU/g. However, it is
important to identify wounds that have been colonised
with potentially harmful levels of bacteria to guide
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appropriate treatment with debridement and an antimi-
crobial dressing, thus preventing the wound from escalat-
ing to full-scale infection.61 Bacteria produce ammonia,
which is liberated from urea by the enzyme ureases; this
in turn, results in an alkaline wound environment. The
literature reviewed indicated that most bacteria are inhib-
ited in a lower pH environment.45,64,65 However, a causal
relationship between the degree of bacterial contamina-
tion and pH value has not yet been established.22,66

In this study, in all instances where harmful levels of
bacteria were evident, this was accompanied by a pH
value of 8.30 or above. Further, when the pH was lower
or equal to 6.50, potentially harmful levels of bacteria
were not present in the wound as assessed with the Mole-
cuLight i:X fluorescence imaging device.14,67,68

4.1 | Limitations

This study was conducted in a single site and included a
relatively small heterogeneous sample in relation to age
and wound aetiology, therefore, caution is needed in
making generalisations from the results. Further, the
study did not stratify the results according to wound
aetiology due to the small numbers in each group. There-
fore, it was considered more appropriate to analyse the
participants collectively. This may limit the generalisabil-
ity and interpretation of the results as there was a lot of
variability in the findings. Nonetheless, the participants
were representative of the types of patients attending a
dressing clinic in an acute hospital.

5 | CONCLUSION

The study provides some evidence that wound pH and
temperature play a fundamental role in wound healing.
Moreover, the findings indicate that an increased rise in
pH and temperature from the previous pattern is indica-
tive of bacterial burden and should raise concerns with
the clinician. Non-invasive techniques, such as pH and
temperature measurement, and bacterial burden assess-
ment allow changes in wound status to be monitored and
hence can facilitate early detection of potential problems.
Overall, the study illustrates that objective assessment
incorporating the principles of TIME, a structured
method of inflammation management including cleans-
ing, frequent sharp debridement, and treatment with an
antimicrobial agent, improves wound outcomes.
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