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Abstract

Background/Objectives: Skin temperature has been considered a physiological variable
associated with the risk of pressure injuries. This systematic review analyzed the available
evidence regarding the relationship between skin temperature and the development, pro-
gression, or prevention of pressure injuries in humans. Methods: A systematic search was
conducted in the PubMed, Scopus, and Dimensions databases, including studies published
between 2013 and 2023 in English or Spanish. PRISMA 2020 guidelines and EQUATOR
network checklists (CONSORT, STROBE, CARE) were applied to assess methodological
quality. Risk of bias was evaluated using RoB 2, ROBINS-I, ROBINS-E, and JBI tools.
Results: The reviewed studies reported thermal variations in tissues subjected to sustained
pressure, some of which preceded the appearance of visible clinical signs of tissue damage.
However, methodological heterogeneity, lack of standardized thermal thresholds, and vari-
ability in measurement conditions limited the generalizability of the findings. Conclusions:
Skin temperature may be associated with relevant pathophysiological mechanisms in the
development of pressure injuries. Its measurement could complement traditional clinical
tools, such as the Braden scale, enhancing early risk identification. More robust, multicenter,
and standardized studies are needed to validate its clinical applicability.

Keywords: pressure injury; pressure ulcer; skin temperature; wounds and injuries

1. Introduction
Pressure injuries (PIs), currently classified as dependency-related skin lesions (DRSLs),

represent a critical challenge for healthcare systems, significantly affecting individuals with
reduced mobility or functional dependence [1]. These injuries result from the collapse of
capillary flow due to sustained pressure, leading to tissue hypoxia, edema, progressive cellular
damage, and ultimately necrosis [2,3]. Despite preventive efforts, the global prevalence of
PIs in hospital settings ranges from 5% to 35%, causing considerable impacts on morbidity,
healthcare costs, and patient quality of life [4,5]. Preventive measures combine risk assessment
(e.g., Braden), skin inspection and moisture management, scheduled repositioning and early
mobilization, and the use of pressure-redistributing support surfaces [6]. However, variable
adherence, the moderate predictive capacity, and some subjectivity of risk scales, and the
fact that these surfaces do not replace pressure relief, allow deep tissue damage to develop
before visible signs appear, perpetuating the burden of PIs. This has driven the search for
early detection methods that enable interventions before visible skin damage appears. In
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long-term care units, intensive care settings, and among patients with chronic comorbidities,
the occurrence of pressure injuries is often underestimated due to the subtlety of early warning
signs. Standard clinical monitoring tools rely heavily on visual inspection, which may not
detect subclinical tissue alterations [6]. Therefore, advancing the understanding of underlying
physiological changes is essential for timely and targeted interventions.

From a pathophysiological perspective, the development of PIs is mediated by
ischemia-reperfusion phenomena that “disrupts” the microvascular homeostasis of the
tissue [7,8]. Prolonged pressure reduces capillary perfusion, while pressure release leads
to reperfusion flow, which can cause additional damage through oxidative stress, inflam-
mation, and endothelial dysfunction [9,10]. These processes occur before the appearance
of clinical signs such as non-blanchable erythema, limiting the effectiveness of traditional
visual inspection methods for early detection. Considering this limitation, the evaluation
of biophysical parameters has been proposed as a complementary strategy for identifying
incipient tissue damage. Among these indicators, skin temperature has gained particular
relevance as a dynamic and measurable signal that reflects local perfusion status. Alter-
ations in superficial blood flow produce localized thermal fluctuations which, if properly
interpreted, could serve as indirect markers of underlying vascular compromise [11].

In this context, evidence from cutaneous thermography indicates that interpretation
prioritizes within-patient differentials (∆T) over population ‘normal’ values. Under con-
trolled conditions, reactive hyperemia typically raises skin temperature by ~0.5–1.0 ◦C;
when acute tissue injury is present (e.g., a local wound), increases of ≈0.7 ◦C have been
reported; in inflammatory processes, skin temperature can rise by up to ~2 ◦C relative
to adjacent/contralateral skin; ischemia, in turn, tends to produce cooling of comparable
magnitude Accordingly, ∆T ≥ 1–2 ◦C are generally considered clinically relevant under
controlled conditions [12]. Nevertheless, in the sacral region, smaller thresholds with prog-
nostic value have been described; for example, a cooling of ~−0.1 ◦C relative to adjacent
skin predicted PIs with high sensitivity, outperforming Braden (Cai et al.) [13]. Clinically,
this would allow for the identification of “silent zones” at risk before visible changes in the
skin occur.

Recent literature has highlighted the clinical relevance of thermal markers across
various contexts. For example, Rossel-Diago et al. (2024) conducted a systematic review
on diabetic foot complications, identifying thermal asymmetries and pressure–heat in-
teractions as early indicators of tissue stress [14]. Their findings support the integration
of thermographic monitoring as a non-invasive tool to detect pressure-induced tissue
compromise—even beyond the plantar region. In the context of pressure injuries, thermal
variations resulting from changes in superficial blood flow reveal consistent patterns: initial
hypoperfusion is commonly associated with localized cooling, followed by a temperature
increase during reperfusion phases [15,16]. Studies by Lachenbruch et al. (2013) and
Cai et al. (2021) have demonstrated that these thermal gradients—detectable through
infrared thermography—can precede the clinical appearance of visible injuries in at-risk
zones [13,17]. This growing body of evidence reinforces the role of skin temperature as a
valuable clinical parameter for anticipating tissue vulnerability and optimizing prevention
and monitoring strategies in high-risk patients.

Despite its promise, the clinical application of temperature-based assessments is cur-
rently limited by significant methodological variability [13,17]. Studies differ widely in
terms of sensor technology (e.g., infrared thermography vs. contact thermistors), mea-
surement protocols (distance, environmental control, thermal stabilization), and criteria
for defining early-stage tissue injury. These inconsistencies reduce comparability and
hinder the development of universal guidelines. In this context, critically reviewing and
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synthesizing the literature is essential to outline the methodological standards and clinical
conditions under which thermal monitoring may offer the greatest benefit.

Particularly in high-risk populations—such as older adults, immobile patients, or
those in intensive care—subtle viability changes often escape routine checks. Contin-
uous thermography highlights within-patient ∆T patterns—persistent cooling at bony
prominences, rebound warming after unloading, and spatial asymmetries—that precede
visible change [12,13]. Detecting these motifs in real time enables rapid, individualized
adjustments to repositioning cadence, off-loading, moisture control, and support-surface
configuration [13].

Emerging evidence indicates that thermal signatures of early tissue stress—localized
cooling with ischemia and reactive hyperthermia after unloading—often precede clinical
signs such as non-blanchable erythema [13,17]. Incorporating skin-temperature moni-
toring into routine nursing assessments, ideally with automated alerts within electronic
health records, could strengthen early-warning workflows. Nevertheless, clinical adoption
remains constrained by the lack of standardized protocols and validated interpretation
algorithms, limited consensus on optimal anatomical sites and clinically meaningful ∆T
thresholds, and insufficient linkage between specific thermal changes and well-defined
stages of pressure-injury evolution. Prospective studies addressing these gaps are needed
to ensure reliability and applicability in practice.

To date, although the literature highlights the potential of skin temperature as a physi-
ological marker of tissue stress, its broader clinical adoption is constrained by heterogeneity
in methodological design and insufficient standardization. This systematic review aims to
examine current scientific evidence on the relationship between skin temperature and the
development, progression, or prevention of pressure injuries in humans. By analyzing the
range of methodologies, clinical findings, and contextual factors reported across studies, we
seek to identify key trends, limitations, and priorities for future research that can support
the clinical integration of thermal monitoring in pressure injury management.

2. Materials and Methods
A systematic review of the literature was conducted following the PRISMA 2020

guidelines [18], aiming to critically analyze the available evidence on skin temperature
measurement in relation to the development, progression, or prevention of pressure injuries
(PIs) in humans. The methodological approach was based on the recommendations of the
Cochrane Handbook for Systematic Reviews [19], and the EQUATOR Network guidelines
(STROBE, CONSORT, and CARE) [20–23]. The search strategy, inclusion and exclusion
criteria, quality assessment, and narrative synthesis plan were pre-defined in an internal
working protocol.

The research question was formulated using the PICO framework [24]:

• Population (P): Humans at risk of pressure injuries or exposed to sustained external
pressure at classical high-risk sites

• Intervention/Exposure (I): Skin temperature assessment using various thermal mea-
surement methods.

• Comparison (C): Within-person comparators, including adjacent/contralateral skin,
non-loaded sites, or pre- vs. post-unloading measures; between-person comparators
when applicable.

• Outcome (O): Primary: presence, onset/incidence, progression, or staging of pressure
injuries (PIs) and their relationship with skin temperature.
Secondary: within-patient ∆T thresholds, reference ranges by anatomical region, stud-
ies on prevention and standardization, and analogous evidence on cutaneous lesions
with shared mechanisms (mechanical loading, microclimate, and microvasculature).
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Articles were searched in PubMed, Scopus, and Dimensions databases, including
studies published from January 2013 to April 2023. The terms “pressure injury”, “pressure
ulcer”, “skin temperature”, and “temperature” were used in combination with the Boolean
operators AND and OR [23,24]. Filters for human studies in English or Spanish were
applied. The detailed search equations and combinations are reported in the appendices
(Table A1). The search was formally closed in April 2023.

We included observational studies, clinical trials, and methodological studies that
assessed skin temperature by any thermal method, relating it to the risk, diagnosis, or
progression of pressure injuries. Systematic reviews, animal studies, isolated case reports,
research protocols, technical articles without clinical application, and studies without
full-text access were excluded. Only studies meeting at least 80% of the methodological
quality criteria were selected. The study selection process involved three phases: (1) title
and abstract screening, (2) full-text review, and (3) methodological quality assessment.
Two independent, blinded reviewers conducted the selection process. Discrepancies were
resolved by consensus or, if necessary, by a third reviewer. The entire selection process was
documented using a PRISMA 2020 flow diagram [18], presented in the results section.

For each included study, the following data were extracted: author names, year of
publication, country, study type, population characteristics, thermal measurement method,
main findings regarding skin temperature, and clinical outcomes. The article review was
conducted independently by two researchers using a structured matrix developed ad hoc.

The methodological quality of the studies was assessed using specific tools: RoB 2
for randomized clinical trials [25], ROBINS-I for non-randomized studies [26], ROBINS-E
for observational studies [26], and the Joanna Briggs Institute (JBI) Manual for Evidence
Synthesis [27]. Two independent reviewers performed this evaluation, and the results are
summarized in a risk of bias table [28]. Due to observed heterogeneity in study designs,
thermal measurement methods, and populations, a narrative descriptive analysis was
conducted [29–31].

3. Results
3.1. Study Selection

A total of 626 records were initially identified from PubMed (n = 165), Scopus (n = 20),
and Dimensions (n = 441). After removing duplicates, 580 records were screened. Following
title and abstract screening, 531 records were excluded, resulting in 37 articles selected
for full-text review. Of these, 19 were excluded due to not meeting inclusion criteria or
presenting low methodological quality (<80% compliance with EQUATOR guidelines) [20].
Ultimately, 18 studies were included in this systematic review. The selection process is
illustrated in the PRISMA 2020 flow diagram (Figure 1) [18].

General Context of the Included Studies

The 18 studies included were published between 2013 and 2022. Most studies origi-
nated from the United States (n = 5), followed by Spain (n = 2), Japan (n = 2), and China
(n = 2). Individual studies were also included from Brazil, Poland, Taiwan, the Nether-
lands, Turkey, the Czech Republic, and Sweden (n = 1 each). Prospective and retrospective
observational studies predominated (n = 12), followed by randomized clinical trials (n = 3)
and pilot studies with experimental or exploratory designs (n = 3). This distribution reflects
a growing interest in applying thermal measurement to the prevention and diagnosis of
pressure injuries.
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Figure 1. PRISMA 2020 Flow.

3.2. Methodological Quality
3.2.1. Study Design

The methodological quality assessment, based on STROBE, CONSORT, CARE, and
CONSORT-Pilot standards [20,23], showed compliance ranging from 81.8% to 100% of the
evaluated items. Ten studies reported compliance above 90%, indicating high methodolog-
ical quality; five studies ranged between 85% and 90%, and the remaining five between
80% and 85%. The main deficiencies are related to the description of sampling methods,
confounding control strategies, and the critical discussion of limitations. Individual study
compliance percentages are detailed in Table 1.

3.2.2. Risk of Bias

A critical appraisal of the risk of bias was conducted using tools appropriate to each
study’s methodological design. Three randomized clinical trials were evaluated using the RoB
2 tool [25], showing low risk of bias across all domains (Table S1). Two quasi-experimental
studies were assessed using ROBINS-I [26] (Table S2), indicating moderate risk, particularly
due to lack of blinding, limited confounder control, and selective reporting. Thirteen ob-
servational studies were assessed with ROBINS-E [26] (Table S3), all categorized as ‘some
concerns’ mainly due to limitations in outcome measurement and reporting bias. Additionally,
two non-comparative studies—a crossover experiment and a case report—were evaluated
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using JBI checklists [27] (Table S4), both showing low risk in most items, with some uncertainty
regarding measurement standardization and clinical context description.

Despite these methodological limitations, the use of differentiated and rigorous tools
ensured a solid critical appraisal process. The observed risk levels reflect common features
in applied clinical research, especially in settings where randomized designs are not always
feasible. Thus, the findings synthesized in this review should be interpreted with caution
but also acknowledged as relevant evidence to guide future research and clinical decisions
regarding the use of skin temperature as a marker in the context of pressure injuries. Table 1
summarizes the tools used per article.

Table 1. Assessment of methodological reporting according to EQUATOR checklists and tools used
for risk of bias evaluation.

Author(s) Year Study Type
Reporting
Guideline

(EQUATOR)
Compliance (%) Risk of Bias Tool

Lin et al. [32] 2021 Longitudinal
observational STROBE 81.8% ROBINS-E

García-Molina et al. [33] 2021 Randomized
clinical trial CONSORT 94.0% RoB 2

Cai et al. [13] 2021 Prospective cohort
observational STROBE 81.8% ROBINS-E

Leenen et al. [34] 2020 Randomized
clinical trial CONSORT 98.0% RoB 2

Kanazawa et al. [35] 2016 Cross-sectional
observational STROBE 96.1% ROBINS-E

Bilska et al. [36] 2020 Randomized trial CONSORT 98.0% RoB 2

Yilmaz et al. [37] 2019 Prospective
observational STROBE 86.4% ROBINS-E

Soares et al. [38] 2019
Cross-sectional

descriptive-
correlational

STROBE 95.5% ROBINS-E

Yavuz et al. [39] 2018 Retrospective
observational STROBE 77.3% ROBINS-E

Mayrovitz et al. [40] 2018 Prospective cohort
observational STROBE 77.3% ROBINS-E

Lachenbruch et al. [41] 2015
Crossover

experimental pilot
study

CONSORT-
PILOT 98.1% JBI

Kanazawa et al. [42] 2016
Retrospective

cohort
observational

STROBE 86.4% ROBINS-E

Cox et al. [43] 2016 Prospective
observational STROBE 90.9% ROBINS-E

Staffa et al. [44] 2016 Case study CARE 96.1% JBI

Källman et al. [45] 2015
Longitudinal
descriptive

observational
STROBE 86.4% ROBINS-E

Lachenbruch et al. [17] 2013 Experimental pilot
study

CONSORT-
PILOT 100% ROBINS-I
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Table 1. Cont.

Author(s) Year Study Type
Reporting
Guideline

(EQUATOR)
Compliance (%) Risk of Bias Tool

Jiang et al. [46] 2020 Prospective
observational STROBE 86.4% ROBINS-E

Lupiáñez-Pérez et al. [47] 2021 Quasi-
experimental STROBE 95.5% ROBINS-I

3.2.3. Data Extraction and Synthesis

The selected articles were organized and analyzed according to their main method-
ological and clinical characteristics to facilitate comparison between studies. Table 2 below
summarizes the most relevant aspects of each publication: author, year, objective, method-
ology, technology used, and anatomical site or region of interest. This synthesis enables the
identification of trends, similarities, and differences in the approach to skin temperature as a
physiological variable in the study of pressure injuries, as well as the different technological
approaches applied for its measurement.

Table 2. Summary of methodological and clinical characteristics of the selected studies on skin
temperature in pressure injury research.

Authors Year Title Objective Methods Results Conclusions

Lin YH, Chen
YC, Cheng KS,
Yu PJ, Wang JL,

Ko NY. [32]

2021

Higher Periwound
Temperature

Associated with
Wound Healing of

Pressure Ulcers
Detected by Infrared
Thermography [32]

To evaluate the
relationship
between the

temperature of the
area around the

wound, measured
by infrared

thermography, and
the healing
processes in

pressure ulcers.

50 pressure ulcers were
studied in 37 patients,

infrared measurements
were performed for 3
to 10 days per ulcer.
248 measurements

were reached. Ambient
temperature and

relative humidity were
controlled. The region

of interest was the
gluteal area, images

were captured with a
thermal image.

It was evidenced that the
higher the perilesional
temperature, the better
healing the patients had

and that lower
temperatures around the
wound were associated

with poor prognosis
and/or wound evolution.

Infrared thermography
allows the detection of
thermal changes useful

for anticipating prognosis
and supporting early

intervention.

García-Molina
P, Casasus SR,

Sanchis-
Sánchez E,
Balaguer-
López E,

Ruescas-López
M, Blasco
JM. [33]

2021

Evaluation of
interface pressure
and temperature

management in five
wheelchair seat

cushions and their
effects on user

satisfaction [33].

The pressure-
temperature
interface was

evaluated on five
wheelchair cushions,

considering the
pressure

redistribution effect,
temperature, and

user-perceived
comfort.

A total of 22 patients
were evaluated, and

data were collected in a
controlled

environment of
temperature and

relative humidity. A
thermal imaging

camera was used. To
evaluate pressure
redistribution, a

pressure mat
(XSensor®) was used.

No significant differences
in basal temperatures

were observed between
interfaces. The pressure
redistribution did show

significant differences on
all surfaces, with the

exception of the pressure
index or maximum peak

in the sacral zone.

Cushions made with
open-cell polyurethane
foam blocks of varying

hardness and the
horseshoe cushion (also

made of open-cell
polyurethane foam)

manage to provide or
generate a much more

effective pressure
redistribution effect than
those injected with foam

and polyurethane gel.

Cai, Fuman;
Jiang,

Xiaoqiong; Hou,
Xiangqing;

Wang, Duolao;
Wang, Yu; Deng,
Haisong; Guo,
Hailei; Wang,

Haishuang; Li,
Xiaomei [13]

2021

Application of
infrared

thermography in the
early warning of

pressure injury: A
prospective

observational
study [13]

To validate the
ability of infrared
thermography to

objectively identify
pressure injuries and

understand the
value of its use in the

early detection of
pressure injuries.

415 patients from adult
intensive care units
were included and

followed for 10 days.
The Braden scale was
used to assess the risk

of pressure injuries and
thermographic images
of the sacral area were

obtained once daily.
The optimal value of
skin temperature to

predict pressure
injuries was
determined.

The relative temperature
of the sacral region
showed a negative

correlation with the risk
of pressure injury, that is,

as the temperature
decreases, the risk of

pressure injury increases.
Thermography was

better able to detect the
risk of injury than Braden.
It was evidenced that the

incidence of pressure
injuries in patients with

relative temperature
below −0.1 ◦C was

higher than in the group
with relative temperature

greater than −0.1 ◦C.

Infrared thermography
allows for the objective

and accurate detection of
areas of local

hypothermia associated
with pressure injuries,

even before clinical signs
can be detected by visual
observation. Including

the use of infrared
thermography in daily

pressure injury risk
assessment improves this
timeliness and makes it a

reliable method for
professionals.
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Table 2. Cont.

Authors Year Title Objective Methods Results Conclusions

Leenen JPL, Ham
HW, Leenen

LPH. [34]
2020

Indentation marks,
skin temperature

and comfort of two
cervical collars: A

single-blinded
randomized

controlled trial in
healthy

volunteers [34]

To determine and
compare the

occurrence and
severity of

indentation marks
(pressure injuries)
and the comfort of
use of two cervical
collars in healthy,
immobile adult

patients.

A single-blind
randomized

controlled trial was
conducted to

compare two groups
of patients

immobilized supine
for a period of

20 min.
60 participants were

included.

Participants
generated

indentation marks at
least one location in
the neck or shoulder

area. The total
occurrence was

higher in the
Stifneck® cervical

collar group than in
the Philadelphia®

group. The
temperature

increased
significantly with

1.0 ◦C in the
Stifneck® group and

1.3 ◦C in the
Philadelphia® group.

Regarding the
evaluation of

comfort and/or
convenience, it was
rated as 3 on a scale

of 1 to 5.

The presence and
incidence of indentation

marks or pressure
injuries was high in both
groups. Fewer and less

severe marks were
observed with the

Stifneck® collar than with
the Philadelphia® collar.

Skin temperature
increased after use of

both collars; however, no
clinical differences were

found between them. The
results highlight the need

for improved cervical
collar design to reduce

the possibility of pressure
injuries in areas in contact

with the collar edges.

Kanazawa, T;
Nakagami, G; Goto,
T; Noguchi, H; Oe,

M; Miyagaki, T;
Hayashi, A; Sasaki,
S; Sanada, H [35]

2016

Use of smartphone
attached mobile
thermography

assessing subclinical
inflammation: a
pilot study [35]

To verify the
reliability and

validity of the FLIR
ONE smartphone-
connected thermal

imaging camera and
compare

temperature results
with commonly

used thermal
imaging cameras in
the assessment of

pressure injuries and
diabetic foot.

The Kappa
coefficient with 95%
confidence intervals
was used to evaluate

the validity and
reliability of the

intra-rater for the
thermographic

images obtained. To
assess clinical

validity, a high-end
portable

thermography
device was used,
two evaluators

reviewed the images,
to evaluate

intra-rater reliability
the same evaluator

evaluated the
images twice.

16 thermographic
images were

obtained from
8 patients, the kappa
coefficients were as

follows: for the
predetermined
range and the
automatically

established range,
respectively, the

validity related to
the clinical criterion
was 1.00 and 1.00;

Inter-rater reliability
was 1.00 and 1.00

and intra-rater
reliability was 1.00
and 1.00, all with
95% confidence

intervals.

This pilot study
demonstrated that the
FLIR ONE device can

serve as an alternative for
assessing inflammation
in pressure injuries and
diabetic foot in clinical

settings.

Bilska A, Stangret A,
Pyzlak M,

Wojdasiewicz P,
Szukiewicz D. [36]

2020

Skin surface infrared
thermography in

pressure ulcer
outcome

prognosis [36]

To evaluate the
usefulness of

infrared
thermography at the
skin surface as a tool

to determine the
prognosis during the

treatment of
pressure injuries in
stages III and IV, in

two groups, one
treated with hydro-
colloid/hydrogel

dressings and more
than 20 low-level

laser therapies,
compared with

another group of
patients treated with

hydrocolloid
dressings without
laser therapy who

had received
long-term care.

Participants were
randomly assigned

to the treatment
group, imaging was

performed before
baseline and after 3

to 4 weeks of
treatment initiation.

The images were
processed to

compare differences
in temperature
distribution in

different regions of
interest.

With a total of
43 participants, a
classification was
made according to
the type of scarring.

Analyses of the
thermographic

images related to the
use of lasers

revealed their
dependence on the

healing process. The
first group had a

scarring percentage
of 79.2% vs. 73.7% in

group II. The
dominant type of

scarring for the first
group was pure

scarring with
minimal

granulation, while in
the second group

pure scarring with
minimal granulation

and scarring with
hypergranulation

had the same
frequency of
presentation.

The use of thermal
imaging allowed for the

identification and
comparison of

temperature differences
between groups within

the areas of interest. Laser
treatment significantly
improved healing; this

remains to be confirmed
in larger studies;

however, infrared
thermography may be

useful in determining the
prognosis for healing.
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Table 2. Cont.

Authors Year Title Objective Methods Results Conclusions

Yilmaz İ, Günes
ÜY. [37] 2019

Sacral Skin
Temperature and

Pressure Ulcer
Development: A

Descriptive
Study [37]

To evaluate the
relationship

between skin
temperature in the

sacral region and the
development of

pressure injuries in
patients in intensive

care.

Patients over
18 years of age who
were hospitalized in

an intensive care
unit were included
in the study. Sacral
skin temperature

was measured from
day 1 and then every

day until day 22.
The measurements
were then taken for

120 min in the
supine position and
after 30 min in the

lateral position.
Sociodemographic

and clinical data
were collected. The
measurements were

made with an
infrared

thermometer.

Of the 37 patients
included, 56.8%

developed pressure
injuries. No
statistically
significant

differences were
found in supine

sacral skin
temperature on days

1 and 5 between
those who

developed lesions
and those who did
not. There was also

no difference in
lateral recumbent
measurements on
day 5 between the
groups. However,

significant
differences in

temperature were
found according to
age groups, being
greater in patients

between 75 and
90 years of age
compared to

younger groups.

No statistically
significant relationship

was found between sacral
skin temperature and the
development of pressure

injuries, and skin
temperature

measurement was not
considered a viable tool

for predicting the
development of pressure
injuries in intensive care

patients.

Soares, Rhea SA;
Lima, Suzinara BS;
Eberhardt, Thaís D;
Rodrigues, Liane R;
Martins, Robson S;
Silveira, Lidiana

BTD; Alves, Paulo
JP [38]

2019

Skin temperature as
a clinical parameter
for nursing care: a

descriptive
correlational
study [38].

Identify skin
temperature in

different anatomical
areas of patients
hospitalized in a

surgical unit,
without risk of

developing pressure
injuries

The temperature of
bony prominences
(scapulae, elbows,
trochanters, heels,

occipital and sacral
region) on both sides

of the body was
evaluated in patients

hospitalized in a
surgical unit of a

university hospital
in southern Brazil. A

digital
thermohygrometer

was used to measure
room temperature
and humidity. A
single-point laser

infrared
thermometer was

used to measure skin
temperature,

measured only once.

A total of
230 patients
participated.
Temperature

differences were
observed between

all measured
anatomical regions.
The sacral region

presented the
highest values
(34.2 ± 0.1 ◦C).
Young patients

showed higher skin
temperatures in the

sacral region
compared to older

patients. The
correlation between

skin temperature,
age, temperature

and environmental
humidity was low in

some regions.

The study established
average skin temperature

values by anatomical
region in patients at no
risk of pressure ulcers.

These values can be used
as a clinical reference to
support pressure ulcer

prevention.

Yavuz, Metin; Ersen,
Ali; Hartos, Jessica;

Lavery, Lawrence A.;
Wukich, Dane K.;

Hirschman, Gordon
B.; Armstrong,

David G.; Quiben,
Myla U.; Adams,

Linda S. [39]

2018

Temperature as a
Causative Factor in

Diabetic Foot Ulcers:
A Call to Revisit

Ulceration
Pathomechanics [39]

To explore plantar
temperature as a
biomarker and

contributing factor
in the development

of foot lesions in
people with

diabetes.

37 people with
diabetes were

evaluated. Resting
plantar

temperatures were
recorded using an
infrared thermal
camera, in four

anatomical zones:
hallux, medial

forefoot, central
forefoot, and lateral

forefoot. Linear
models were applied

to compare
temperature

differences between
groups, adjusting for
group characteristics

Mean temperatures
were greater than

30.0 ◦C in all
segments of the foot

in the Diabetic
Neuropathy with

Previous Ulcers and
the Diabetic

Neuropathy without
Ulcers group, while
in the group without

neuropathy they
were below that

threshold.
Differences were

observed between
the neuropathy

group with previous
ulcers and without

neuropathy.

Increased plantar
temperature in people
with a history of ulcers
may be related to acute

mechanical stress,
chronic inflammation, or
autonomic dysfunction.
Plantar temperatures in
diabetic feet can reach
levels considered risky
according to previous

studies. Further research
is needed on the role of

temperature in the
pathophysiology of
diabetic ulceration.
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Mayrovitz, Harvey
N.; Spagna, Paige E.;

Taylor,
Martha C. [40]

2018

Sacral Skin
Temperature
Assessed by

Thermal
Imaging [40]

To assess whether
temperature

differences between
the sacral region and
a remote skin site, as

measured by
thermal imaging,

can identify critically
ill patients with

significant vascular
disease and risk of
pressure injury in

the sacral area.

Simultaneous
infrared and

photographic
thermal imaging

was used, including
the buttocks and a
remote skin region,

after pressure
withdrawal for

4 min. Temperatures
were compared
between the two

areas. A ∆T equal to
or greater than
−1.5 ◦C was

considered high-risk,
based on previous
studies in healthy

subjects with a
normal ∆T of

−0.75 ◦C. Thermal
results were

contrasted with the
clinical vascular

status of the patients

Thirty-two patients
exceeded the

threshold, with an
average ∆T of

−1.92 ◦C ± 0.62 ◦C.
Six patients had a

positive ∆T greater
than +1.5◦C. The

remaining
63 patients had an

average ∆T of
0.13 ◦C ± 0.58 ◦C.

No statistically
significant

differences were
found in the
relationship

between vascular
status and the

thermal threshold
exceeded.

Although infrared
thermal imaging can

provide visually striking
information, this study

does not support the use
of thermal differences to

identify patients at
increased risk for

pressure injury due to
local blood flow

disturbances.

Lachenbruch,
Charlie; Tzen,

Yi-Ting; Brienza,
David; Karg, Patricia

E; Lachenbruch,
Peter A [41].

2015

Relative
contributions of

interface pressure,
shear stress, and
temperature on

ischemic-induced,
skin-reactive [41].

hyperemia in
healthy volunteers:

a repeated measures
laboratory study.

To validate and
extend previous
research on the

relative impact of
interface pressure,
shear stress, and

skin temperature on
tissue ischemia.

Tests were
conducted on

10 healthy
volunteers aged 40

to 75 years, subjected
to 18 experimental

conditions that
combined

three levels of
temperature,
two levels of
pressure, and

three levels of shear.
In total, 360 tests
were carried out.

Post-load reactive
hyperemia, as a

marker of ischemia,
was measured by

laser Doppler flow.

Pressure and
temperature were

statistically
significant

predictors of the
magnitude of

reactive hyperemia,
while shear stress

showed no
significance.
Hyperemia

increased with
higher temperatures,
with the difference
between 32 ◦C and
36 ◦C being more

marked than
between 28 ◦C and

32 ◦C

Under laboratory
conditions, skin

temperature is a key
factor in the development

of tissue ischemia.
Although shear stress did

not significantly
contribute to ischemia in
superficial tissues, it is

suggested that its impact
on deeper layers be

investigated.
Furthermore, actively
reducing temperature

could attenuate ischemia
and reduce the risk of

pressure injuries.

Kanazawa T,
Kitamura A,

Nakagami G, Goto T,
Miyagaki T, Hayashi
A, Sasaki S, Mugita

Y, Iizaka S,
Sanada H. [42]

2016

Lower temperature
at the wound edge

detected by
thermography

predicts
undermining

development in
pressure ulcers: a
pilot study [42].

To evaluate whether
a lower temperature
at the wound edge,

compared to the
wound bed and

periwound skin, can
predict the

progression of
pressure ulcers

using thermography.

A total of 22 patients
with PUs in category

III, IV or
unclassifiable PUs
were analyzed. All
were assessed by an

interdisciplinary
team and followed

for at least two
consecutive weeks.
Thermal patterns of

the wound edge
were compared.

No undermining
was observed in 9 of
11 pressure injuries

with no edge
temperature

decrease, while 8 of
11 pressure injuries

with lower edge
temperature did

develop
undermining. The

relative risk was 4.00
(95% CI: 1.08–14.7).

Identifying a reduced
temperature pattern at
the wound edge using
thermography may be

useful in anticipating the
development of

undermining in pressure
ulcers.
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Cox, Jill; Kaes,
Loretta; Martinez,

Miguel; Moles,
Daniel [43].

2016

A Prospective,
Observational Study
to Assess the Use of
Thermography to

Predict Progression
of Discolored Intact

Skin to Necrosis
Among Patients in

Skilled Nursing
Facilities [43].

To assess whether
skin temperature

measured by
infrared

thermography can
predict the

progression of
discolored and intact
skin to necrosis, and

to determine
whether nurses can
effectively integrate
thermography into
the clinical setting.

Patients with areas
of discolored skin

attributable to
pressure were
included. Skin

temperature was
measured at the time
of evaluation and at
7 and 14 days, with

follow-up by trained
nurses. Clinical,

demographic, and
affected area

characteristics data
were collected.

A total of 67 patients
participated, with
the heel being the

most common site of
discoloration. The

mean temperature in
the bleached area

was 33.6 ◦C, and in
the adjacent skin

33.5 ◦C. 45%
completely resolved

the discoloration;
however, 16% had
necrosis on day 7

and 32% on day 14.
Necrosis was
significantly

associated with
hospitalization in
the subacute unit

and negative
capillary filling.

Colder temperatures
in the center of the
bleached area were

associated with
increased risk of

necrosis.

A lower temperature in
the discolored skin area
was associated with a

higher risk of progression
to necrosis. Although

thermography showed
potential, nurses

expressed uncertainty
about its integration into
clinical practice. Larger
prospective studies are

needed to validate its use.

Staffa, Erik; Bernard,
Vladan; Kubíček,

Luboš; Vlachovský,
Robert; Vlk, Daniel;
Mornstein, Vojtěch;
Staffa, Robert [44]

2016

Using Noncontact
Infrared

Thermography for
Long-term

Monitoring of Foot
Temperatures in a

Patient with
Diabetes

Mellitus [44].

To describe the
longitudinal

findings obtained
using infrared

thermography and
the general clinical

outcomes in a
patient with type 2
diabetes mellitus
and peripheral

vascular disease.

Plantar
temperatures were
monitored using

infrared
thermography more
than one year before

and just after
endovascular

intervention in a
76-year-old male

patient with type 2
diabetes mellitus,
hypertension, and

ischemic heart
disease with

arrhythmia. During
follow-up, a thermal
difference of 2.3 ◦C

was detected
between the two feet.

Subsequently, he
developed a

traumatic injury to
his left foot and an

increase in
temperature was
identified in that

area. He was
diagnosed with

rectosigmoid
adenocarcinoma,

treated with surgery
and chemotherapy,
and then evaluated

for peripheral
vascular disease.

Prior to angioplasty,
infrared

thermography
showed an area of

high temperature in
the left heel.

After endovascular
treatment, the
temperature

difference between
the two feet

decreased to 0.2 ◦C,
but a stage I pressure

ulcer had already
formed. Two
months later,

progression of the
lesion was observed,
which continued to
increase in size and
depth. The patient

died shortly
thereafter due to

oncological
complications

Thermal imaging
revealed a possible

correlation between skin
temperature, blood

circulation, and
lesion/ulcer formation.
Infrared thermography

allows real-time
measurement of surface

temperature without
direct skin contact.

However, its sensitivity
requires prospective

clinical studies to
validate its accuracy and
usefulness in monitoring

patients at risk of
vascular disease or

plantar ulcers.
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Källman U,
Engström M,

Bergstrand S, Ek AC,
Fredrikson M,
Lindberg LG,

Lindgren M. [45]

2015

The effects of
different lying
positions on

interface pressure,
skin temperature,
and tissue blood
flow in nursing

home residents [45]

To evaluate how
different recumbent
positions influence
interface pressure,
skin temperature,
and tissue blood

flow in older adults
residing in nursing

homes.

Interface pressure,
skin temperature,
and blood flow at
three depths over
the sacrum and

greater trochanter
were evaluated for

1 h in 25 older adults.
The supine positions

at 0◦ and 30◦ , and
lateral decubitus at
30◦ and 90◦ were

compared. Pressure
was measured with a

pneumatic
transmitter

connected to a
digital pressure

gauge, temperature
with a thermal

sensor, and flow
with optical

plethysmography
and laser Doppler

flowmetry.

Higher interface
pressure was found
in the supine at 0◦
and lateral at 90◦

positions, compared
to the 30◦ positions.

Mean skin
temperature

increased in all
positions. Blood

flow was
significantly higher

in the supine
position at 30◦ , and a

post-pressure
hyperemic response
was also observed at

almost all tissue
levels and postures.

The 30◦ supine position
reduced interface

pressure and improved
tissue perfusion,

indicating that this
position may be the most
appropriate to minimize
the risk of pressure injury.

Lachenbruch C,
Tzen YT, Brienza

DM, Karg PE,
Lachenbruch

PA. [17]

2013

The relative
contributions of

interface pressure,
shear stress, and
temperature on

tissue ischemia: a
cross-sectional pilot

study [17].

To quantify the
relative contribution

of temperature,
pressure, and shear

stress to tissue
ischemia by

assessing their
influence on the

postload reactive
hyperemia response.

A
repeated-measures
design was applied

with 21 experimental
combinations of

temperature,
pressure and shear

stress. Each
combination was
evaluated twice

(168 trials in total).
Laser Doppler

flowmetry was used
to measure postload
reactive hyperemia

as an indirect
indicator of

cutaneous ischemia.

Pressure and
temperature were
highly significant
predictors of the

magnitude of
reactive hyperemia,
while shear stress

showed no
significant effects.
The P values for
shear stress were

>0.5 in all the flow
variables evaluated
(perfusion area, peak

flow minus basal,
and peak

normalized flow).

Coefficient analysis
indicated that a 1 ◦C

increase in temperature
had an effect comparable

to a 12 to 15 mm Hg
increase in interface

pressure on the
hyperemic response. This

suggests that
temperature plays a

relevant role in protective
vasodilation to mild

compression, particularly
under high-pressure

conditions.

Jiang, Xiaoqiong;
Hou, Xiangqing;

Dong, Ning; Deng,
Haisong; Wang, Yu;

Ling, Xiangwei; Guo,
Hailei; Zhang,

Liping; Cai,
Fuman [46]

2020

Skin temperature
and vascular

attributes as early
warning signs of

pressure injury [46].

To validate sacral
skin temperature

and vascular
attributes as early
warning signs for
pressure injuries

A prospective study
was conducted with

415 patients
hospitalized in an

adult intensive care
unit. For

10 consecutive days,
blood pressure,

blood glucose and
relative skin

temperature in the
sacral region were

measured daily.

No statistically
significant

interactions were
found between
blood pressure,
glycemia, and

relative temperature.
The optimal

threshold values
were 63.5 mmHg for

blood pressure,
9.9 mmol/L for
glycemia, and

−0.1 ◦C for relative
temperature. The

incidence of
pressure injuries

peaked between the
fourth and fifth day
of hospitalization.

Patients classified as
high-risk based on
skin temperature

were more likely to
develop pressure

lesions compared to
groups defined by
blood pressure or

blood glucose.

Accurate measurement of
skin temperature and
vascular indicators is
essential to prevent

pressure injuries.
Nursing interventions
should be guided by

these warning signs to
reduce their incidence.
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Lupiáñez-Pérez I,
Gómez-González AJ,
Marfil-Gómez RM,

Morales-Asencio JM,
García-Mayor S,
León-Campos Á,

Kaknani-
Uttumchandani S,
Moya-Suárez AB,

Aranda-Gallardo M,
Morilla-Herrera

JC. [47]

2021

Tissue temperature,
flux and oxygen of

sacral and
trochanteric area
under pressure of

healthy subjects: A
quasi-experimental

study [47].

To evaluate changes
in perfusion,

oxygenation, and
local skin

temperature in the
sacral and

trochanteric regions
after application of
direct pressure for

2 h

Doppler laser
systems were used

to measure local
temperature and
oxygenation, and

near-infrared
spectroscopy for
perfusion. The

applied pressure
was measured using
a capacitive pressure

sensor.

The study sample
included

18 participants. The
comparative

analysis of the
parameters recorded

in the skin of the
sacrum and

trochanter, as a
function of the
elapsed time,

showed a
statistically

significant increase
in temperature and
applied pressure.

The observed changes in
temperature and pressure

should be considered
when planning
personalized

repositioning strategies,
taking into account the

biomechanical and
biological differences
between anatomical

areas.

The included studies exhibit notable methodological heterogeneity, both in the study
designs employed and the clinical settings and technologies addressed. Infrared thermogra-
phy was the most frequently used technology, appearing in 11 out of the 18 articles, whether
through portable infrared cameras or smartphone-attached devices. This predominance
reflects the growing acceptance of thermography as a non-invasive tool for analyzing risk
and progression of pressure injuries.

Regarding research objectives, five major thematic approaches were identified:

• Early detection and risk stratification (n = 4). Prospective cohort studies in ICU with
infrared thermography that define ∆T thresholds and diagnostic performance, plus
descriptive studies with spot IR thermometry/thermography that explore temporal
sensitivity and intrapatient comparators.

• Follow-up of evolution and prognosis (n = 4). Observational studies were included
in cohorts with established pressure injuries, periinjury-bed gradients, retrospective
series that relate cold edge with scour, and longitudinal studies with heat maps
during treatments.

• Prevention and standardization (n = 8). Laboratory studies with combined loads
(pressure–shear–temperature) and hyperemia models, clinical studies of position-
ing/perfusion (30◦ supine/lateral), comparisons of support surfaces (cushions), tests
with devices (cervical collars), feasibility/reference values of IR thermometry, and
works proposing protocols/SOPs for thermal capture and visualization were included.

• Analogous evidence (n = 2) included studies on skin lesions with shared load-
microvasculature mechanisms informing thermal interpretation in LP, which included
cross-sectional cohort studies with elevated absolute plantar temperatures in diabetic
neuropathy and prolonged thermographic follow-up of a case with pre-ulceration and
post-revascularization changes.

• Predictive/analytical models (n = 5). Of the studies grouped into the previous cate-
gories, those that mentioned relative ROC thresholds of ∆T, multivariate models (Cox)
that integrate hemodynamic/metabolic variables, thermal edge-bed-perilesion rules,
and experimental regressions that quantified the weight of temperature vs. pressure;
basis for AI and automated monitoring were reviewed.

The most frequently assessed anatomical site was the sacral region (n = 11), followed
by the plantar area, heels, and scapular regions, highlighting a specific focus on high-risk
areas for ulceration in bedridden patients. Sample sizes varied considerably, ranging
from single-patient case studies to cohorts exceeding 400 participants, directly influencing
the external validity of the findings. In terms of design, longitudinal observational and
cohort studies predominated (n = 12), followed by randomized clinical trials (n = 3) and
pilot studies with experimental approaches (n = 3), indicating a still-limited presence
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of high-evidence-level designs. Among clinical findings, more than half of the studies
reported significant thermal gradients, either as skin cooling under sustained pressure or
temperature elevation after unloading, supporting the hypothesis of a relationship between
skin temperature and tissue perfusion. However, one study documented the absence of
thermal sensitivity in lesions with advanced infection, underscoring the limitations of the
method in certain scenarios.

Finally, the increasing use of computational approaches, such as machine learning algo-
rithms, and the development of smart solutions for real-time thermal monitoring, suggest a
transition toward the integration of these technologies in preventive clinical practice.

Final del formulario.

4. Discussion
The evidence synthesized in this review suggests that skin temperature is a useful

physiological biomarker to anticipate alterations in tissue viability in areas subjected to me-
chanical load. In different clinical and experimental contexts, intrapatient thermal patterns
were identified that preceded the visible signs: (i) decrease in temperature during the load
exposure phase, compatible with hypoperfusion/ischemia, and (ii) increase in temperature
in the postload phase, which could be related to reactive hyperemia/reperfusion. These
thermal gradients and asymmetries, observed in bony prominences and support areas, are
compatible with tissue perfusion patterns in ischemia-reperfusion processes; however, on
their own, they do not demonstrate microvascular dysfunction and should be interpreted
based on the clinical and hemodynamic context of the patients [17,41,45].

Below, we summarize the findings by analytical axes: a. Early detection, risk strat-
ification; b. Prognosis and follow-up; c. Prevention and measurement standards; and d.
Analogous evidence, i.e., studies on skin lesions that share loading mechanisms or associ-
ated with microvasculature, such as diabetic foot ulcers, integrated considering biological
plausibility, although not combined with the clinical effects of pressure injuries.

Early detection and risk stratification.
Cai et al. identified that a sacral relative temperature ≤ −0.1 ◦C predicted the onset of

LP 48 h in advance and showed superior performance to Braden (AUC ≈ 0.90); moreover,
the risk was 13.67 times higher below that threshold, supporting the use of intrapatient
temperature differentials as an objective warning signal in ICU patients [13]. Accordingly,
Jiang et al. found optimal cut-off values for the relative temperature ≤ −0.1 ◦C; although
it additionally explored blood pressure and glucose measurements, each variable was
associated with increased risk, highlighting an HR of 6.36 for temperature differentials and
a peak incidence around days 4–5 of hospitalization [46]. From the physiological point of
view, thermal decrease during loading may be associated with hypoperfusion and postload
temperature increase with reactive hyperemia, which is why these studies provide mecha-
nistic plausibility to interpret gradients at risk sites. Taken together, these data support the
use of relative temperature by temperature differentials per patient in regions exposed to
mechanical load to stratify risk and promote early interventions (repositioning, unloading,
and even microclimate management), with the caveat that multicenter validations and
standardized protocols are required for routine implementation [13,46].

However, not all studies support thermal monitoring for risk stratification. Mayrovitz
et al. found no significant association between sacral thermal differences and vascular dis-
ease status in critically ill patients, concluding that temperature differentials did not reliably
identify high-risk patients [40]. Similarly, Yılmaz et al. failed to observe predictive associ-
ations using infrared thermometry in ICU patients [37]. These negative findings highlight
critical methodological considerations: Mayrovitz et al. used thermal thresholds derived
from healthy subjects (−1.5 ◦C) applied to critically ill patients with vascular disease, while
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allowing only 4 min for thermal stabilization. These limitations underscore the importance of
population-specific threshold validation, adequate stabilization protocols, and appropriate
patient selection criteria for successful thermal monitoring implementation.

Prognosis and follow-up of established injuries.
Cox et al. observed in discolored intact skin that relatively cooler centers than adjacent

skin were associated with a higher probability of necrosis at day 7 in the multivariate
analysis, while negative capillary filling emerged as a consistent prognostic cofactor. The
authors emphasize that the thermal signal is phase-dependent (early cooling due to is-
chemia vs. increased reperfusion/inflammation), so serial measurements and intrapatient
comparators are preferable to isolated absolute values [43]. In practical terms, this evidence
supports close monitoring and early intervention when the discolored center is colder and
capillary filling is negative, avoiding decisions based on a single reading.

Lin et al. [32], on the other hand, in the context of pressure ulcers in more advanced
stages, showed that a higher perilesional temperature than that of the wound bed and
“normal” skin is associated with better healing, while colder perilesions are associated
with worse evolution. This perilesional gradient > bed is consistent with granulation/re-
epithelialization activity and preserved peripheral perfusion; conversely, a “hypothermic”
border may reflect perfusion involvement of marginal tissue. Clinically, these patterns sug-
gest intrapatient operating thresholds (perilesion vs. bed) useful for stratifying prognosis
and adjusting management, debridements, and follow-up frequency.

In the same vein as perilesional border analysis, Kanazawa et al. (2016) found that a
colder edge than the bed/perilesion predicts the development of undermining (RR ≈ 4),
anticipating a relevant complication [35]. This peripheral marker can be incorporated
as a warning signal to intensify wound contour surveillance and plan debridement and
positioning strategies prior to subepidermal extension of the lesion.

On the other hand, and from a longitudinal “heat map” perspective, Bilska et al. (2020)
showed that segments with increased or elevated temperature accompany orderly healing
with minimal granulation; in hypergranulation the pattern starts lower and reverses after
debridement; In this study, superficial thermography reflected the local hemodynamic
status rather than the type of treatment [36], which supports the use of this technique as a
complementary prognostic tool rather than as a substitute for clinical assessment. This aims
to integrate standardized thermal series with environmental control and capture protocols.

In summary, the findings mentioned above provide actionable information: (i) colder
wound center in discolored intact skin + negative capillary filling → high risk, (ii) warmer
perilesion than the wound bed → favorable healing, (iii) colder perilesional border →
risk of undermining. Clinical adoption in this context requires acquisition/interpretation
protocols (ambient control, thermal stabilization, distance/angle, contralateral or adjacent
comparators) and serial measurements to capture phase changes. However, these stud-
ies do not present validation of operational thresholds or decision algorithms necessary
for standardization.

Prevention and measurement standards.
The evidence converges on two messages: (i) simultaneously managing mechanical

load and microclimate, and (ii) standardizing thermal measurement. Through laboratory
tests, Lachenbruch et al. showed that skin temperature, combined with pressure, better
predicts the magnitude of reactive hyperemia (ischemia index) than pressure alone; in-
creases of just 1 ◦C have a physiological weight comparable to several additional mmHg of
pressure, supporting control of skin T◦ as part of pressure risk management [17,41].

Regarding bed positioning, Källman et al. They found that supine at 30◦ offers greater
tissue perfusion during loading than 0◦ supine, 30◦ lateral, or 90◦ lateral, even after adjust-
ing for interface pressure, temperature, and time; temperature increased in all postures,
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with postload hyperemia and high interindividual variability, indicating that reducing
pressure is not enough: postures that preserve perfusion should be chosen and the increase
in skin temperature should be monitored [45]. In healthy volunteers, Lupiáñez-Pérez et al.
observed that 2 h of loading in the sacrum/trochanter significantly raised the local tem-
perature, while perfusion and SaO2 tended to increase without reaching significance; their
proposal is oriented towards personalized repositioning by anatomical region considering
loading time and T◦ [47]. These patterns are consistent with experimental evidence from
Lachenbruch et al., who mention that when pressure and T◦ are combined and sustained, is-
chemia increases and that cooling the skin could attenuate it, which is a priority hypothesis
for clinical validation [17,41].

In terms of devices and support surfaces, García-Molina et al. They compared
five wheelchair cushions: they found similar thermal responses in 10 min but large dif-
ferences in pressure redistribution (better performance with open-cell polyurethane and
spring-type base), supporting multimodal evaluations (pressure + T◦ + comfort) and pro-
viding a thermographic capture protocol useful for standardization [33]. In their study
of cervical collars, Leenen et al. showed that after 20 min, there was a high incidence
of indentation marks (first step to LP associated with devices) and increased cutaneous
T◦ (~0.5–1.8 ◦C; difference between models ~0.3 ◦C, no clinical relevance). Operational
recommendations are derived: limiting the duration of immobilization, serial skin evalua-
tion protocols, and design improvements that reduce pressure peaks and heat/humidity
accumulation [34].

On standardization of thermal measurement, Soares et al. demonstrated the clini-
cal feasibility of non-contact infrared thermometry (low cost, minimal contamination),
establishing reference values by region and highlighting controlling environment and
distance/angle to interpret variations [38]. With respect to the thermography technique,
Kanazawa et al. They proposed a reproducible classification of bed-edge-perilesion: a
colder edge than bed/perilesion predicted undermining at one week, which is useful for
early interventions; they also recommend viewing ranges (32–40 ◦C) and combining with
ultrasound to determine lesion depth [42]. In a cross-sectional way, Källman, Lupiáñez-
Pérez, and Lachenbruch agree in prioritizing relative metrics (∆T) between zones/times
and standardized time windows of loading and postloading to improve comparability and
clinical interpretation [17,41,45,47].

In summary, effective prevention integrates: (a) pressure management (30◦ postures,
surfaces with better dispersion) + microclimate management (breathable materials, local
ventilation/cooling where appropriate); (b) clear thermal SOPs (anatomical sites, fixed
distance, environmental control, ∆T and pre/postload windows); and (c) temperature
screening criteria with local validation before universal thresholds are adopted. With the
contributions of García-Molina [33], Leenen [34], Källman [45], Kanazawa [42], Soares [38],
Lupiáñez-Pérez [47], and Lachenbruch [17,41], a coherent basis is available to standardize
measurement and operationalize temperature-centered prevention in daily practice.

Analogous evidence: diabetic foot and conceptual transfer to LP.
Yavuz et al. quantified absolute resting plantar temperatures (not asymmetries) and

showed that, in people with diabetic neuropathy with and without a history of ulcer,
all regions of the foot exceeded 30 ◦C, with differences of ~3–5 ◦C compared to controls
without neuropathy [39]. They proposed an acute-chronic framework: acute increases due
to friction/shear during walking and chronic elevation due to inflammation and autonomic
dysfunction (anidrosis), both raising tissue metabolic demand; Under mechanical load,
compensatory vasodilation may be insufficient, accelerating tissue failure. They connected
these findings with thermal damage thresholds (~35 ◦C) and with the synergistic role of
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temperature + pressure/shear, reinforcing that microclimate and load act in combination
and that thermal management (in addition to off-loading) is relevant for prevention [39].

Staffa et al. provided longitudinal thermographic follow-up at home (>1 year) in a
patient with T2DM and vascular disease: they detected sustained contralateral ∆T (≈2 ◦C)
and the appearance of a heel hot-spot (∆T ≈ 4.7 ◦C) weeks before a heel pressure ulcer
was confirmed. After revascularization, asymmetries decreased, suggesting a functional
link between perfusion, skin temperature, and lesion appearance/evolution. The case
underscores the clinical utility of ∆T (in addition to absolute temperature) as a warning
signal and the need for capture protocols (acclimatization, environmental control, non-
reflective background) for reliability and comparability; although it is single-case evidence,
the sequence “∆T growing → thermal focus → lesion” under loading zones is plausible
and transferable to LP to guide focal off-loading and microclimate control [44].

Together, diabetic foot lesions provide an analogous pathophysiological model: the
sustained elevated temperature in loaded tissue increases metabolic demands while per-
fusion may be compromised, creating an imbalance that accelerates tissue damage. Heat
maps and ∆Ts (contralateral or local) help locate at-risk areas before visible changes, sup-
porting preventive interventions (afterload, more dissipative surfaces, exposure times) and
the integration of thermal metrics into clinical surveillance [39,44].

Predictive models and analytics (thresholds, regression, and AI opportunities).
Several works advance from observation to quantitative prediction:

• Relative thresholds and operational classification. In ICU, Cai et al. established a sacral
relative cut-off point of −0.1 ◦C (colder risk region than control) that anticipated LP
~48 h before visual inspection and with AUC ~0.90, surpassing Braden; the probability
of LP was higher when the relative temperature ≤ −0.1 ◦C [13]. Kanazawa (2016b)
showed that a colder wound edge (edge < bed/perilesional) quadrupled the risk of
undermining at 1 week (high sensitivity/specificity and kappa), proposing a simple
rule applicable to the patient’s bedside [42].

• Multivariable risk models. Jiang et al. used Cox to combine relative temperature, DBP,
and glycemia, with optimal cut-off points (DBP 63.5 mmHg; glucose 9.9 mmol/L;
relative temperature −0.1 ◦C); the group with relative temperature ≤ −0.1 ◦C had HR
~6.36, with increased risk around days 4–5 of hospitalization [46].

• Mechanistic modelling of ischemia. In the laboratory with healthy volunteers, Lachen-
bruch et al. used fixed-effect regressions to predict the magnitude of reactive hyper-
emia (ischemia index) from pressure and temperature (shear was not significant in
superficial skin with the protocols used). They found that +1 ◦C contributes ~8–14×
more to ischemia than +1 mmHg, and that the effect of temperature is more marked
between 32–36 ◦C; they concluded that lowering skin temperature could mitigate
ischemia and the risk of LP, and that managing pressure + temperature is a better
predictor of risk than pressure alone [17,41].

• Towards AI and automation. In addition to thresholds and regressions, advanced
thermal analysis approaches (e.g., machine learning on thermograms) for risk classifi-
cation have been explored, opening the door to decision support systems that can be
integrated into nursing routines. The validity of portable smartphone-type cameras
for standardized relative reading also facilitates bedside flows and telemonitoring,
although their use was more of validation than prediction in itself [42].

Regarding the models and metrics explored by these authors, some common patterns
are observed. (i) Relative metrics (local/contralateral ∆T or edge-rules) are more robust than
absolute values against environmental variability; (ii) multivariate models that integrate
thermal signals with hemodynamic/metabolic signals improve the temporal stratification
of risk; (iii) mechanistic models support thermal intervention (cooling/modulation of the
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microclimate) as a complement to pressure relief; and (iv) translating AI into practice
requires standardized capture protocols, multicenter datasets, and external validation prior
to clinical adoption.

Limitations.
This review presents several limitations. First, methodological heterogeneity across

studies—including thermal devices, capture protocols, and controlled environmental
conditions—hindered direct comparisons and precluded a quantitative meta-analysis.
Although strict quality criteria were applied, some studies had small sample sizes, lacked
control groups, and used observational designs that limited causal inference. Most studies
were also conducted in hospital or controlled experimental settings, limiting the gener-
alizability of findings to other clinical contexts such as home care or critical care units.
Additionally, there was a lack of standardization in the clinical criteria used to define early
tissue damage, introducing variability in interpreting thermal gradients.

Although validated tools were used to assess risk of bias (RoB 2, ROBINS-I, ROBINS-
E, JBI), methodological variations were identified, especially in confounder control and
clinical follow-up completeness. Nevertheless, the studies met acceptable quality standards
and provided a sound basis for interpreting observed patterns. Still, caution is advised
in extrapolating findings, and standardized research in clinical settings with patients at
varying risk levels and larger sample sizes is strongly recommended for validation. The
literature search was closed in April 2023; thus, studies published afterward were not
included in this analysis.

Clinical implications
The results of this review reinforce the clinical potential of skin temperature as a

non-invasive biomarker for the early detection and monitoring of pressure injuries. Its
incorporation into routine assessment protocols could enhance the diagnostic capacity of
healthcare teams, particularly for high-risk populations such as critically ill or bedridden
patients. Thermographic assessment, especially when integrated into smart mattresses,
wearable sensors, or digital platforms—could complement traditional risk scales, allowing
for more objective and continuous evaluation. This strategy may help prevent advanced
injuries and optimize care resources by enabling more timely and targeted interventions.

Physiopathological considerations
From a physiopathological perspective, the thermal variations reported reflect un-

derlying perfusion disturbances that may precede or accompany pressure-related tissue
damage. Decreased temperature in compressed areas may signal early hypoperfusion or
capillary collapse, while post-decompression increases suggest reactive hyperemia due
to reperfusion. These thermal responses may be modulated by factors such as microvas-
cular autoregulation, local inflammation, or endothelial integrity, making thermography
a valuable tool for exploring underlying pathophysiological dynamics. Understanding
these mechanisms through thermal analysis provides clinical and scientific value and could
inform the design of more targeted preventive interventions.

Future research directions
Based on the findings presented, future studies should focus on multicenter research

using standardized protocols and representative clinical populations, including individuals
with comorbidities and in non-hospital settings. In addition, research should explore the
utility of thermography as a dynamic marker by incorporating serial measurements to
analyze thermal trajectories during tissue damage or healing. Another promising avenue
is the development and validation of predictive models using artificial intelligence that
integrate thermal, clinical, and contextual variables to generate real-time alerts. These
approaches could support the implementation of decision-support systems, particularly in
settings with limited resources or high patient loads.
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5. Conclusions
The evidence analyzed in this systematic review supports the role of skin temperature

as a relevant physiological marker in the study of pressure injuries. Through various
techniques and in multiple clinical contexts, it has been shown that thermal fluctuations in
the skin, especially in areas subjected to continuous pressure, can anticipate tissue damage
before perceptible signs appear, positioning temperature as a potential early warning signal.
Moreover, the research findings suggest that skin temperature is useful not only for risk
prediction but also as a dynamic monitoring tool for wound healing, clinical evolution, and
therapeutic response. Techniques such as infrared thermography and thermal sensors have
facilitated the recognition of these patterns. However, methodological diversity, lack of
device standardization, inconsistent measurement conditions, and absence of validated
clinical thresholds limit the extrapolation of findings.

Additionally, individual factors such as vascular condition, skin tone, and support
surface type can affect the thermal responses observed. The adoption of emerging tools,
along with the use of artificial intelligence and multivariate predictive models, creates
new opportunities for automated analysis of thermal data and integration into preventive
care programs. Ultimately, skin temperature emerges as a promising, accessible, and non-
invasive biomarker that, if properly validated and standardized, could transform current
paradigms in pressure injury prevention and care.
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