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ABSTRACT

OBJECTIVE: To determine whether changes in skin temperature can affect the
integrity of skin.

METHODOLOGY: The authors conducted a systematic literature search as per the
PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-analyses)
guidelines. They searched the CINAHL (Cumulative Index to Nursing and Allied
Health Literature), Cochrane, MEDLINE Complete, Academic Search Ultimate, and
HyDi databases for articles examining the effects of skin temperature on skin
integrity published through April 2020. Two independent reviewers scored the
methodologic quality of the 13 included studies.

RESULTS: Only 11 studies were included in the qualitative analysis, as the other
two articles had a critical risk of bias. There is strong evidence to indicate that an
increase in skin temperature leads to changes in skin structure and function.
However, ulcer formation was more affected by intrinsic and extrinsic factors, rather
than by temperature alone.

CONCLUSION: Further high-quality randomized controlled trials are required to
investigate the direct effect of skin temperature on ulceration.
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INTRODUCTION

The loss of skin integrity and development of localized
ulcerations can have serious consequences and signifi-
cantly impact quality of life."' Research involving animal
studies, engineered muscle tissue, and finite element
modeling has shown that tissue deformation due to me-
chanical loading is an important cause of ulceration in
the short term.?” Typically, cell death starts in the muscle
and subcutaneous fat, beneath intact skin, when cell re-
sistance is insufficient to withstand the deformation in-
curred. Research focused on pressure injury (PI) preven-
tion has found that higher skin temperatures reduce cell
resilience and lead to a higher susceptibility to direct
deformation injury.>*

The temperature of the human body adapts when
exposed to temperature changes caused by internal
or external factors. Vasodilation or vasoconstriction are
triggered to maintain a relatively constant core body
temperature™® to keep the body functioning efficiently
and protect the normal integrity of the skin. If such phys-
iologic responses do not occur, skin integrity may be
compromised because the skin’s ability to withstand
mechanical stress, balance homeostasis,”® and maintain
its immunologic function becomes impaired.” In this
state, the skin becomes vulnerable to external and internal
mechanical factors, possibly resulting in tissue break-
down. Further, elevated skin temperatures have been as-
sociated with a reduction of the cohesive strength of the
integrity of the stratum corneum.'® Therefore, an unfa-
vorable microclimate consisting of uncontrolled tempera-
ture, humidity, and airflow at the skin surface may affect
the structure and function of the skin,>'! potentially in-
creasing its susceptibility to damage when subjected to
external mechanical factors.

In recent years, interest in research regarding skin tem-
perature and ulceration has increased, mostly focusing
on the early detection of inflammation before tissue
breakdown occurs. Using temperature as an indicator
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of underlying tissue damage, Lavery et al'* found that
an increase in temperature by 2.2° C detected by a home
monitoring infrared thermometer was indicative of
underlying inflammation. Taizzo'® found that an in-
crease in skin temperature by extrinsic or intrinsic
stimuli causes a disruption in skin integrity in a swine
model. In another porcine study, Kokate et al* found that
the application of temperatures greater than 35° C caused
full-thickness cutaneous and deep tissue injury with necro-
sis at temperatures greater than 45° C.* Studies investigating
skin responses to changes in temperature that lead to skin
tissue breakdown have primarily been limited to animal
studies''* and experiments on cadaveric skin."” Although
in vitro and animal studies have provided significant in-
sight into skin properties with regard to tissue break-
down, they are limited in the context of human skin in-
tegrity. Thus, the evidence is still unclear. Studies inves-
tigating human skin resilience in relation to temperature
changes have mostly used measures of other parameters,
namely, transepidermal water loss (TEWL) and stratum
corneum hydration (SCH), which are known to affect
skin resilience.

Advances in technology have improved investiga-
tions of the subtle changes occurring within human skin,
which might not be identified during a visual inspection
with the naked eye. Skin temperatures can be measured
by either contact (eg, thermistors, thermocouples) or non-
contact (eg, infrared thermal cameras) methods. Other
changes occurring within the skin layers such as TEWL
and SCH have also been investigated objectively using
different measurement tools for specific purposes. For in-
stance, capacitive sensors have been used to measure the
hydration level of the superficial layers of the skin (ie,
SCH), whereas open-chamber devices have been used
to measure the amount of water that passively evapo-
rates through skin to the external environment (ie,
TEWL)."> These measurements quantify the structural
changes occurring to further understand skin function.

Given the increased interest in the relationship between
temperature and skin integrity and its potential implica-
tions in the prevention and management of ulcerations,
a thorough systematic review following a critical evalua-
tion of the literature is warranted. Further, analyses of the
clinical value of temperature in identifying decreased tis-
sue resilience and the role of elevated temperature as a
key causative factor in skin tissue breakdown merit con-
sideration. Understanding these relationships can sup-
port clinicians and caregivers in optimizing the environ-
ment and monitoring skin temperature to prevent skin
breakdown and ulcer complications.

METHODS
This systematic review was designed and conducted ac-
cording to guidelines outlined by PRISMA (Preferred
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Reporting Items for Systematic Reviews and Meta-
analyses).'® This review was registered with the Prospec-
tive Register of Systematic Reviews (no. CRD42020177560).
The protocol for this review can be accessed from https://
www.crd.york.ac.uk/PROSPERO/ display_record.php?
RecordID=177560.

Information Source and Search Strategy

Two independent researchers conducted database
searches in January 2021 with the final search conducted
in April 2021. The following databases were searched for
articles examining the effects of skin temperature on the
integrity of the skin: CINAHL (Cumulative Index to Nurs-
ing and Allied Health Literature), Cochrane, MEDLINE
Complete, Academic Search Ultimate, and HyDi (a Uni-
versity of Malta search engine incorporating several data-
bases including PubMed and EBSCO). The standardized
electronic literature search strategy was performed using
the following keywords: skin integrity, skin breakdown, pres-
sure injury, skin resilience, thermography, infrared imaging, and
skin temperature measurement. No restrictions were placed
on the publication year; however, only human studies
and articles published in the English language were in-
cluded. Reference lists of the included and eligible articles
were also hand searched to identify any additional studies.
Retrieved references were exported to a reference manager
to identify and remove any duplicates present. Figure 1
illustrates the full search strategy.

Eligibility Criteria

All identified articles were screened for eligibility ac-
cording to the PICOS framework: population, interven-
tion, comparator, outcome measures, and study type.
Studies were included if participants were older than
18 years and had intact skin with no skin breakdown
at the start of the study; the interventions included any
changes in skin temperature caused by external factors
such as prolonged loading, hot and cold baths, and skin
contact with cushions or mattresses made of different
materials; the comparator (control) was either a group
of healthy participants with healthy skin or an intact
skin region from participants undergoing intervention;
and the outcome measures included TEWL, SCH, skin
erythema, skin deformability, skin breakdown, or ulcer
formation. Studies investigating ulcerated skin were ex-
cluded, unless these studies also included data from par-
ticipants with intact skin.

The types of studies selected for this review included
randomized and nonrandomized controlled trials, co-
hort studies, cross-sectional studies, and observational
studies. Only scientific articles in peer-reviewed journals
were included. Non-peer-reviewed articles, such as edi-
torials, letters to the editor, narrative reviews, and tool
development or validation studies, were excluded.

WWW.ASWCJOURNAL.COM

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.


https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=177560
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=177560
https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordID=177560
http://WWW.ASWCJOURNAL.COM
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Study Selection

Two independent researchers initially screened article ti-
tles and abstracts to identify studies that met the inclu-
sion criteria. The full text of the shortlisted articles was
then reviewed to further assess eligibility. Any disagree-
ment over the eligibility of particular studies was re-
solved through discussion between the two researchers.
If an agreement was not reached, a third and fourth re-
viewer intervened.

Data Extraction

Key data were extracted independently by the same two
researchers for each of the included studies using struc-
tured data extraction sheets. The data extracted included
the article title, year of publication, study design, setting,
method of assessment, length of study, population char-
acteristics, outcome measures, and results. During the
shortlisting process, there was no blinding of study au-
thors, research institution, or place of publication.

Methodologic Quality
Two researchers assessed the methodologic quality of
the included articles using the Cochrane ROBINS-I (Risk
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of Bias in Nonrandomized Studies of Interventions)'”

tool or Cochrane Risk of Bias (RoB 2.0),'® a tool depend-
ing on the type of study being analyzed.

Randomized trials were assessed using RoB 2.0,'®
which involves judgments of the risk of bias across five
domains, as well as an overall risk of bias. Trials were
classified as having an overall low risk of bias, some con-
cerns of bias, or a high risk of bias (Figure 2).

Nonrandomized trials were assessed using ROBINS-L
This tool involves judgments on the risk of bias on seven
domains and overall risk of bias.'” Trials were classified
overall as having either no information, low risk, moder-
ate risk, serious risk, or critical risk of bias (Figure 3).
Any discrepancies between researchers were discussed
and resolved via consensus with a third researcher.

RESULTS

Overview of All Included Studies

A total of 1,324 articles were identified through database
searches, and an additional nine articles were identified
through referencing. After duplicates were removed
(n = 510), the remaining 823 articles were screened by ti-
tle and abstract. Of these, 758 did not meet the inclusion
criteria and were excluded. Following full-text assess-
ment of the 65 articles remaining, a further 52 articles
were excluded based on the exclusion criteria. Thirteen
articles met the full inclusion criteria and were included
in the qualitative evaluation of this review (Figure 1).

Study Designs and Characteristics

One of the included articles' was a retrospective obser-
vational study; the remaining 12 articles were all pro-
spective studies.?>! Of these prospective studies, eight
were observational cohort studies,??224262981 one
used a repeated-measures design,®® one used a time-series
design, and two were randomized controlled trials**®
with a crossover design. There was a wide range of partic-
ipant ages and mixed populations among the studies,

Figure 2. METHODOLOGIC QUALITY OF INCLUDED
RANDOMIZED TRIALS
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Figure 3. METHODOLOGIC QUALITY OF INCLUDED
NONRANDOMIZED STUDIES
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including healthy participants, participants with comor-
bidities, individuals with neurological impairment follow-
ing spinal cord injury, individuals with diabetes, and nurs-
ing home residents.

Data Synthesis

Because of the heterogeneity of the study designs,
participant populations, and reported outcome mea-
sures in the included studies, meta-analysis could
not be performed. The extracted data are summarized
in Tables 1 and 2, and the results were compared nar-
ratively. The data collected were grouped in the tables
according to the type of outcome measures analyzed:
short-term effects (eg, changes in skin temperature, struc-
ture, and function) or long-term effects (eg, end-stage
skin damage with ulcer formation with long-term
patient follow-up).

Short-term Effects: The Influence of Temperature on
Skin Structure and Function. Four articles investigated
short-term effects, noting changes in skin temperature
after 45 to 150 minutes of loading and after 20 minutes
of recovery.*"***”?® These articles focused on skin func-
tionality, including TEWL, SCH, and erythema. In addi-
tion, two articles examined the influence of temperature
on the structural components of the skin, namely, stiff-
ness and elasticity,”*® and one studied the recovery rate
of the erythematous area.*

Temperature. In all the areas investigated, skin temper-
ature increased with prolonged loading time. After
45 minutes of loading, Schario et al*” reported an in-
crease in temperature by 1.6° C. With prolonged loading
of 150*! and 120 minutes,?® increases in skin temperature
of 1.7° to 3.1° C were reported in the sacrum and 1.9° C
in the heel, respectively.
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Transepidermal water loss. Transepidermal water loss,
SCH, and skin erythema are objective assessments of
skin functionality, indicating or predicting early-stage
skin damage. Whereas TEWL values less than 70 g/m?
per hour are indicative of intact skin and a fully func-
tional barrier, higher TEWL values are generally consid-
ered to be an indicator of a disturbed or disrupted skin
barrier.?! All the studies included in this systematic re-
view that assessed TEWL as a measure of skin function
reported that as temperature increased, TEWL also in-
creased. The greatest increase in TEWL (165 g/m? per
hour) was observed in the heel with an increase of 1.7° C.
Schario et al*’ reported an increase in TEWL in the gluteal
region of 8.1 g/m? per hour with a temperature change of
1.1° C. Lower but significant increases in TEWL were also
reported in the sacrum (7 g/m? per hour).?® Although
the included studies differ in loading times, contact ma-
terials used, and areas of skin investigated, there is a
general agreement that as temperature increased, TEWL
also increased.”

Erythema. Studies that investigated erythema as a
measure of change in skin resilience found that as tem-
perature increased, erythema also increased.”>**® The
largest increase in erythema (+225 AU) was reported
in the gluteal area following 45 minutes of loading.*”
Kottner et al*! reported an increase of 117 AU in the heel
area compared with an increase of 59 AU in the sacrum.
Three of the four studies that measured erythema re-
ported that the highest increase in temperature corre-
sponded to the highest increase in erythema in the sa-
cral, gluteal, and heel areas, respectively.”’*”*® Finestone
et al** reported only visual inspection of erythema and
stated that after offloading, skin temperature decreased
by 3° C, and the size and intensity of erythema also de-
creased. However, no linear relationship was found be-
tween decrease in temperature and decrease in observed
erythema. After 20 minutes of recovery, temperature and
erythema remained high in the heel, decreasing only mar-
ginally, but returned to baseline in the sacrum.”® However,
Tomova-Simitchieva et al*® found that temperature and
erythema decreased significantly in the sacrum and the
heel following 20 minutes of recovery.

Stratum corneum hydration. Three studies investigated
SCH in relation to skin temperature and reported con-
flicting results.”"*"® Tomova-Simitchieva et al*® reported
that SCH increased as temperature increased, with the
highest increase in SCH corresponding to the highest in-
crease in temperature when using a foam support surface.
In addition, as temperature decreased after offloading,
SCH also decreased, but the difference was not statisti-
cally significant. Schario et al*” also noted that SCH in-
creased as temperature increased, but this change in skin
hydration was not statistically significant. In contrast,
Kottner et al*! reported that as temperature increased,
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SCH remained unaffected. The use of different support-
ing surface materials may have contributed to the ob-
served differences. As a result, the effect of temperature
on SCH remains unclear.

Skin elasticity. Although Schario et al*” and Tomova-
Simitchieva et al*® both examined structural changes in
relation to skin elasticity, the authors reported different
results. Schario et al*” found that although there was a
significant temperature increase, skin elasticity remained
stable after 45 minutes. However, Tomova-Simitchieva
et al”® found that elasticity increased after 2 hours in a ly-
ing position, whereas the temperature increased by 1.7°
and 3.1° C in the heel and sacrum, respectively. As with
SCH, these reported differences in skin elasticity might
have been due to the different loading time protocol or
type of material used. Moreover, the 45 minutes allocated
in the study by Schario and colleagues might not have
been sufficient to enable a significant change in skin elas-
ticity, whereas the 2-hour period allocated by Tomova-
Simitchieva et al*® resulted in these changes. Perhaps a
longer period is required to cause skin elasticity changes.

Long-term Effects: The Influence of Temperature on
Skin Breakdown. Seven articles reported the long-term
effects of temperature on skin breakdown with the end-
point being ulceration.”>2%*! Skin integrity was inves-
tigated via visual inspection to determine the level of
breakdown in the layers of the skin (dermis and epider-
mis). Four of the studies®>*>?*?! followed the Interna-
tional NPUAP-EPUAP Pressure Ulcer Classification Sys-
tem guideline for staging the level of tissue breakdown
present in their cohorts; the Seattle Wound Classification
System was used in one study,** and the other two stud-
ies””* recorded only the presence or absence of ulcera-
tion (Table 2).

Methodologic approaches included the application of
local cold stimulus,” repeated loading in specific body
locations, " and prolonged loading during surgery.*®
To determine whether skin temperature regulation can
be used to predict ulcer risk formation, one study® used
continuous temperature monitoring, whereas the others
investigated specific time points. Three of the seven
studies investigated healthy participants with no comor-
bidities.”>**?° One study investigated patients who un-
derwent elective surgery.®® In the other studies, partici-
pants had comorbidities such as diabetes,?* cerebrovascular
accident,®® and cardiovascular disease,*® which led to
shorter time for ulcer formation.

Van Marum et al*® investigated the relationship be-
tween blood flow response time (measured by tempera-
ture change after applying a local cold stimulus) and the
risk of ulcer development. They reported that the group
who developed ulcers showed a significantly longer
blood flow response time (4.5 + 1.2 minutes) and there-
fore a longer time to cause a change in temperature,

ADVANCES IN SKIN & WOUND CARE e OCTOBER 2022

562

compared with the group who did not develop ulcers
(3.7 £ 0.7 minutes). This delay in temperature change
in participants who developed ulcers was also found
by Rapp et al,>> who performed continuous monitoring
of temperature data. Skin temperature fluctuations over
time were evident, and those who developed ulcers had
the lowest multiscale entropy, meaning that patients with
a lower level of skin integrity demonstrated a slower
change in temperature. This finding can also be linked
to recovery time responses in studies that investigated
the return of skin temperature to baseline measures.”>*
This recovery time was delayed in older adults”*
in patients with neurologic impairment.®®

Using a different methodology, Yusuf et al collected
temperature data every 3 days for 15 days in patients ad-
mitted in an acute care setting. The development of ul-
cers and superficial skin changes were observed with
daily visual inspection of the skin. An increase in tem-
perature of 0.9° + 0.6° C was reported in participants
who developed superficial skin changes such as skin
tears and friction-associated blisters compared with a
control group, but the difference was not statistically
significant (P = .071).

Similarly, Mayrovitz et al* found no significant tem-
perature differences between participants who devel-
oped ulcerations and those who did not. This was the
only study that compared the site of interest with adja-
cent skin. In six patients, the ulcerated site had an in-
crease in temperature of more than 1.5° C, whereas in
32 patients, the ulcerated site had a temperature de-
crease of more than 1.5° C. In the patients who did not
ulcerate, the temperature difference from the control site
averaged 0.13° + 0.58° C. These measurements were
taken after the area under investigation was offloaded
for approximately 4 minutes to acclimatize to room tem-
perature and eliminate loading factors. However, this
offloading period might not have been long enough to
eliminate the effect of loading on temperature.”®

In the study by Sun et al,** participants with diabetes
and a healthy control group were followed up for a pe-
riod of 4 years and plantar skin temperature was moni-
tored. Participants in this study were grouped according
to the sudomotor sympathetic response as a determinant
of autonomic disorders. No significant temperature
change over time occurred between baseline and the
4-year follow-up period between the healthy control
group (at baseline, 26.7° + 2.0° C; at 4-year follow-up,
26.6° + 2.2° C) and the group of patients with diabetes
who had no further diabetic complications (at baseline,
27.0° = 2.3° C; at 4-year follow-up, 27.3° + 2.5° C). How-
ever, in the group of patients with diabetes who had ab-
sent sudomotor sympathetic response, plantar mean
foot temperature increased (at baseline, 27.8° + 2.1° C;
at 4-year follow-up, 29.0° + 2.4° C; P < .05).

and
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Similarly, Sae-Sia et al’! found that skin temperature
increased by 1.2° C in the 24 to 96 hours before ulcers de-
veloped in patients with neurologic impairment but
healthy skin. Researchers recorded the sacral skin tem-
perature while participants lay supine in bed and then
assessed ulcer formation after 2 or more days from the
initial examination for a maximum of 2 weeks. Mean skin
temperature at the initial assessment (baseline) was higher
for patients who later developed an ulcer (37.3° C) com-
pared with those who did not (36° C; P = .001), suggesting
that the skin is more susceptible to acute injury with
higher temperatures.

Moreover, Yoshimura et al™ noted that when partici-
pants underwent a lengthy surgical procedure with pro-
longed loading of more than 6 hours, the change in skin
temperature from baseline to the end of surgery was signif-
icantly higher in the patients who developed ulceration
than in those who did not (2.7° + 0.3° C vs 1.9° + 0.8° C;
P < .05). In fact, elevated skin temperature was found to
be an independent PI risk factor. However, patients who
developed ulcers within a week after the surgery had sig-
nificantly lower baseline skin temperatures than those
without ulceration (34.9° + 0.5° C vs 35.3° + 04° C;
P = .026). The authors explain that this lower baseline
caused a high temperature change following loading,
which is associated with heat-related cytotoxicity.

126

DISCUSSION

This systematic review examined the current evidence
regarding the effect of skin temperature in the pathway
leading to tissue breakdown. Although the heterogene-
ity of the studies identified and the small participant
groups make it difficult to establish defined conclusions,
the results indicate that there is a clear correlation be-
tween elevated skin temperature and detrimental effects
in the skin in both the short and long term.

The findings of this review support continuous monitor-
ing of skin temperature in patients at risk of ulceration be-
cause it can contribute to the early detection of impending
skin failure and, therefore, help prevent subsequent ulcera-
tion. This model may be particularly relevant to in-shoe
temperature monitoring as a tool for foot ulcer prevention.

Short-term Effects of Skin Temperature on Skin Structure
and Function

Strong evidence indicates that an increase in skin tem-
perature leads to an increased TEWL and, therefore,
damage to the epidermal barrier function. This finding
was reported in all the reviewed articles."*”*® The asso-
ciation between damage to the epidermis and TEWL is
well known, and TEWL greater than 70 g/m? per hour
may indicate impaired skin barrier function.*! In stable
ambient conditions, TEWL oscillates between 4 and
10 g/m? per hour, depending on the skin area, and
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should ideally be as low as possible in healthy skin.
However, it may increase up to 30 times when the epi-
dermis is damaged, resulting in increased water loss
and poor barrier function. The water content of the stra-
tum corneum is also necessary for proper stratum cor-
neum maturation and skin desquamation. Increased
TEWL impairs the enzymatic functions required for nor-
mal desquamation, resulting in the visible appearance of
dry, flaky skin.** Humectants and occlusive moisturizers
have been reported to significantly decrease TEWL and
are useful in the management of areas of P1.*°

Moreover, TEWL causes changes within the dermal
layer as well, leading to a decrease in structural stiffness.
With increased temperature, skin elasticity increases be-
cause of the decreased stiffness.” Several decades ago,
Gibson et al*® proposed that the dermis has a natural
mesh-like arrangement of collagen fibers at the molecular
level that enables repeated rearrangement of individual
fibers to resist severe stretch under minimal stresses asso-
ciated with normal activity and loading. At rest, the fibers
appear randomly oriented, but when an increasing load
is applied, the fibers become parallel. In this histologic
study,® the authors showed that because of fluid being
displaced from the meshwork, the fibers failed to return
to their previous random arrangement. These mechanical
property changes of the skin contribute to the skin being
less responsive to change with temperature and unable
to adapt, leading to tissue weakening and eventually
breakdown. Although some evidence indicates that an in-
crease in skin temperature leads to the skin decreasing its
stiffness,®® other research”” did not support this finding.
However, the shorter loading time used® may have influ-
enced the results and potentially limited the value of di-
rectly comparing these results.

Skin alteration in response to a change in skin tempera-
ture might lead to serious impairment in the tissue’s me-
chanical properties, resulting in breakdown due to a re-
duced ability to sustain potentially damaging loads.?”
An increase in skin stiffness over bony prominences might
also lead to a higher chance of skin breakdown because the
skin is already approaching its maximum ability to stretch
(terminal stiffness). Further, for every 1° C increase in skin
temperature, blistering time was lowered by approximately
13%, leading to quicker separation of the dermal-epidermal
layers, blister formation, and weakened skin integrity.* In ad-
dition, an increase in temperature has been associated with
increased oxygen and nutrient requirements, which may be
insufficient in areas of pressure.

Long-term Effects of Skin Temperature on End-Stage Skin
Damage and Ulcer Formation

This review shows evidence of differences in heat dissi-
pation between the skin of healthy individuals and those
with thermoregulatory problems. The temperature of
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healthy skin decreased to baseline within 20 minutes af-
ter off-loading occurred.”® However, skin temperatures
did not recover to baseline in the presence of ulcer for-
mation in individuals with comorbidities who were at
increased risk of skin breakdown.*>?*%3! Prolonged re-
covery was also present in patients who developed skin
changes, and ulceration and was found to have a signif-
icant relationship with ulcer formation.”>**?! There is a
strong association between impaired thermoregulatory
function and increased risk of ulceration. Because the
role of skin temperature as a measure of thermoregula-
tory function is well known, patients with underlying
abnormal intrinsic neurologic response may benefit from
continuous skin temperature monitoring as a useful pre-
dictor of ulceration. Patients with Charcot deformity are
also susceptible to an increase in skin temperature via an
intrinsic pathway because of localized inflammation'?
and may potentially benefit from continuous tempera-
ture monitoring as well, although further research is re-
quired. New developments in mobile health technology
show promise in improving management and optimiz-
ing timely intervention for patients who are at risk of ul-
ceration, potentially increasing time in remission and
improving quality of life.*

This review did not address confounding factors that
may have influenced the study results because most were
not reported, including the influences of room and ambi-
ent humidity, patient sweat, and air convection.*’ Skin mi-
croclimate conditions beneath dressings were also not ad-
dressed. Evidence indicates that different dressing materials
have different properties for heat dissipation. Using infrared
thermography to characterize skin microclimate may be
effective in the development of treatment strategies.*!

Variations in methodologic design did not allow for
meta-analysis. The studies identified were longitudinal,
nonrandomized studies lasting from a few days to years.
Randomized controlled trials using ulceration incidence
as a clinical endpoint are time-consuming, costly, and of
limited external validity.**> Consequently, observational
studies are undertaken to provide evidence and encour-
age the use of large, routinely collected data sets assem-
bled through data linkage. Inclusion of these articles was
deemed suitable because nonrandomized studies can
still provide evidence about long-term outcomes and
populations that are typical of real-world practice.

Most of the included studies had a small sample size;
consequently, the pooled sample sizes are comparably
small, which limits the generalizability of the results
across the entire population. In addition, although none
of the studies included in this review occurred during
the COVID-19 pandemic, evidence suggests that the cy-
tokine storm associated with COVID-19 is linked to an
increased risk of deep tissue injury,*>** which needs to
be considered in future research. Nevertheless, the infor-
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mation presented here may promote new research theo-
ries and increase understanding of the role skin temper-
ature plays in the development of ulceration.

Future research should not only focus on prediction of ul-
cer development using temperature changes, but also ana-
lyze the time of recovery and time taken for temperature
changes because this information can provide a better indi-
cation of loss of skin integrity, skin breakdown, and ulcera-
tion. Further research using robust methodologies with
good stratification of patient population is warranted.

CONCLUSION
The aim of this review was to determine whether ele-
vated skin temperature is implicated in the pathway
for tissue breakdown. The authors conclude that there
is strong evidence indicating that elevated skin tempera-
ture immediately effects skin resilience. There is also
important evidence showing a relationship between in-
creased risk of ulceration and increased skin tempera-
ture in patients with impaired thermoregulation.
Continuous temperature monitoring may be useful
for early detection of ulcer development risk. This may
be potentially useful in patients with diabetes as a pre-
ventive measure for diabetic foot ulceration, because
thermoregulatory function is often impaired at early
stages in this patient group. It may also help determine
risk for foot ulceration and early detection of skin failure,
enabling prompt management to avoid deterioration. ®
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