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Abstract

Peripheral arterial disease (PAD) is a prevalent medical disorder characterized by decreased blood flow in the arteries supplying the
body’s peripheral tissues, primarily the lower extremities, due to partial or total arterial obstruction. Atherosclerosis is its leading cause,
with prevalence increasing due to lifestyle changes, diet, and conditions such as diabetes mellitus. This bibliographic review aimed to
determine the efficacy profile of thermography as a tool for diagnosing and monitoring PAD. We conducted a comprehensive search across
Medline and Scopus, selecting articles published within the past 12 years including case reports evaluating thermography’s efficacy in PAD
diagnosis. Findings indicate that thermography correlates with ankle-brachial index values and is useful for monitoring PAD in diabetes
mellitus patients, thereby avoiding additional risks. Of note, professionals should not rely solely on clinical evaluation of foot temperature
in diabetes mellitus patients. Infrared thermography proved effective in detecting temperature variations between the feet, suggesting
its utility in PAD diagnosis. However, given that many factors influence normal skin temperature, thermography should not be the sole
method for assessing PAD but rather a complementary tool in diagnosis and follow-up.

Resumen

La enfermedad arterial periférica (EAP) es un trastorno médico prevalente, caracterizado por la disminucién del flujo sanguineo en las
arterias que irrigan los tejidos periféricos, principalmente las extremidades inferiores, debido a obstrucciones arteriales parciales o totales.
La aterosclerosis es su causa principal, y su incidencia se ve incrementada por factores como los cambios en el estilo de vida, la alimentacion
y la presencia de patologias como la diabetes mellitus. El objetivo de esta revision bibliografica fue determinar la eficacia de la termografia
como herramienta para el diagnostico y la monitorizacion de la EAP. Para ello, se realizé una busqueda exhaustiva en las bases de datos
Medline y Scopus, seleccionando articulos publicados en los ultimos 12 afios que incluyeran casos clinicos evaluando la eficacia de la
termografia en el diagndstico de la EAP. Los resultados indican que la termografia se correlaciona con los valores del indice tobillo-brazo
y demuestra ser util en la monitorizacién de la EAP en personas con diabetes mellitus, evitando riesgos adicionales. Se subraya que los
profesionales no deben confiar inicamente en la evaluacién clinica de la temperatura de los pies en pacientes diabéticos. En conclusion,
la termografia infrarroja ha demostrado ser efectiva para detectar variaciones de temperatura entre los pies, lo cual sugiere su utilidad en
el diagnostico de la EAP. No obstante, dado que la temperatura cutanea normal depende de multiples factores, la termografia no debe
ser el unico método para evaluar esta condicion, sino un complemento en el diagndstico y seguimiento.
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Introduction

Peripheral arterial disease (PAD) is a condition characterized by
partial or complete obstruction of blood flow in the arteries of the
extremities, mainly the aortoiliac, femoropopliteal, and infrapopliteal
arteries. It can be caused by atherosclerosis, resulting in restricted
blood flow. In many cases, it is asymptomatic before causing painin
the lower limbs during movement (intermittent claudication), rest
pain, or promoting the development of ulcers, infections, and, in
severe cases, necrosis'®,

Currently, PAD represents an emerging public health burden as
a result of population aging and increased rates of smoking, hyper-
tension, and diabetes mellitus (DM). Its prevalence is estimated
to be 3-10 % in the general population and 15-20% in individuals
older than 70 years, increasing to 29 % in people with DM older than
50 years. Moreover, DM can also complicate the diagnosis and treat-
ment of PAD, as neuropathy may alter pain perception’.

PAD diagnosis is achieved using different techniques such as the
ankle-brachial index (ABI), Doppler ultrasound, or toe pressure mea-
surement (TPM)%%. Arteriography is considered the gold standard,
but its routine use is limited because it is an invasive technique with
inherent risks due to catheterization and exposure to radiation and
contrast'%%7°, Other diagnostic techniques also present limitations.
For example, the reliability of ABl or Doppler is reduced if the patient
has artery calcifications, and TPM cannot be measured in patients
with amputation?57:°10,

Thermography is a non-invasive technique that uses infrared
cameras to measure the distribution of radiant thermal energy (heat)
emitted from the surface of an object or body. This energy is conver-
ted into a map of radiation intensity differences, known as a thermo-
gram, which represents a surface temperature map. Since it does not
emit ionizing radiation, it allows for safe and unrestricted applica-
tions, enabling visualization of the thermal behavior of system?°810-12,

It has been demonstrated that mean foot temperatures are lower
inthe PAD group than in healthy controls. Skin temperature differen-
ces > 2.2 °C between feet are more common in PAD patients than in
healthy individuals; thus, significant thermal asymmetry may indi-
cate a pathological process. However, despite its advantages, the
available evidence on the use of thermography in PAD remains hete-
rogeneous and scattered, making it difficult to draw firm conclusions
about its clinical applicability>>°. In this context, it is pertinent to
synthesize and analyze the existing literature.

The aim of this narrative review is to determine whether thermo-
graphy is an effective method for the diagnosis and monitoring of PAD.

Materials and methods

We conducted a narrative review of the literature. Searches were
conducted across Medline and Scopus databases between March
and April 2023 using the keywords “thermography,” “peripheral
arterial disease,” and “ankle-brachial index,” limited to title, abstract,
and keywords. Medline search strategy: “thermography” [Title/Abs-
tract/OT] AND “peripheral arterial disease” [Title/Abstract/OT] AND
“ankle-brachial index” [Title/Abstract/OT]. Scopus search strategy:
TITLE-ABS-KEY (“thermography” AND “ankle-brachial index” AND
“peripheral arterial disease”).
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The inclusion criteria are: studies conducted in patients with
lower-limb PAD diagnosed using thermographic techniques, clinical
trials and reviews, human studies, articles in English or Spanish. The
exclusion criteria are: studies investigating revascularization in PAD
patients, articles employing smartphone-based thermal cameras as
detection systems for PAD.

The Medline and Scopus searches yielded 13 and 19 results, res-
pectively. After removing 12 duplicates, 20 unique articles remained.
Two authors independently reviewed all studies, and discrepancies
were resolved by a third author. During title and abstract screening,
most studies were excluded for not meeting inclusion criteria—spe-
cifically those that did not use thermography as a primary evaluation
tool, were experimental animal or simulation studies, were reviews,
editorials, or conference abstracts without original data, or did not
include a PAD population. Sixteen studies were excluded, leaving
4 articles for inclusion (Figure 1).

Results

Atotal of four studies metinclusion and exclusion criteria (Table ).

In the study by Carvalho Abreu et al.?, the ABl was measured in
53 patients with PAD. Qualitatively, the study described that blue
and purple colors in thermography were associated with lower
ABl and more severe symptoms, while yellow and red corresponded
to higher ABl and milder symptoms, supporting a positive correla-
tion between ABI and temperature. The correlation between ABI
and mean plantar temperature was significant in patients without
arterial calcification (p < 0.05) but not in those with calcified arte-
ries (p =0.2174). Patients with calcified arteries showed higher ABI
values than asymptomatic patients according to the Fontaine classi-
fication, despite having plantar temperatures similar to those with
moderate PAD. This suggests that thermography may be more relia-
ble than ABI in assessing patients with arterial calcification.

Search for articles
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\ 4
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Figure 1. Diagrama de flujo.
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Table I. Summary of search results.
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Authors Year Type Sample Methods Results Conclusions
A strong correlation was
. observed between plantar Plantar
53individualswith  "notographic temperature and ABI in thermography
PAD. Of the 72 limbs: thermography was . - e ar
5 e Imbs: patients with non-calcified facilitat
performed at the foot ies b in calcified may racilitate
Carvalho Analytical o 20 sl level and the ABI was arteries but not in calcifie PAD diagnosis,
Abreu, 2022 cross-sectional  _ La oo measured s suggesting it is
1.2 study more reliable than
eta M t device: The mean plantar !
* 52did not have easuremen’ deVICe:  temperature in the group ABI for evaluating
e FLIR T430SC thermal . o atients with
calcifications camera with calcifications was aad -
lower than in asymptomatic arterial calcification
individuals
Thermal images were
taken successively at
1-min intervals after
the lower limbs were
elevated for 5 min
Then, limbs were ATl PAD patients
27 individuals with ’ - mean initial temperature patier
. returned to the original show significantly
PAD (42 lower limbs) e . was found between groups .
. position and images in the medial and lateral higher forefoot
Carabott, Analytical . Participants were were taken after 1 min forefoot angiosomes temperatures
etal.? 2021 cross-sectional - categorized into Mean temperatures Foot elevation does
study groups without PAD, P After limb elevation, the S
. . . of the halluxand L . not significantly
with mild PAD, or with . only significant difference
medial and lateral - affect the thermal
severe PAD was observed in the lateral
forefoot were analyzed foot area after 1 min pattern
using the angiosome
concept
Measurement device:
FLIR SC630 thermal
camera
28 had ABI < 1
The 6-minute walk
51 high-risk PAD test was performedto 20 patients had PAD
patients, including: assess participants’ SUEEESS
functional capacity PAD patients walked shorter thz?tginfrared
* Adults >70 years distances in the 6-minute
Infrared thermography a1k test thermography
Huang, Observational  * Adults>50years  was used to could bea
et aI,8 2021 study with diabetes or measure lower-limb Resting temperatures were Complementary
smoking temperatures before  similar in patients withand ~ t00! for assessing
and after exercise without PAD PAD severity and
« Patients with patients’ functional
end-stage renal Measurementdevice:  p o cice induced capacity
disease Spectrum 9000-MB temperature changes were
infrared camera positively correlated with
walking distance and ABI.
Differences in skin
55 [zl gt oes Thermography was temperatures betyveen Thermography
and 164 with PAD performed at five feet were greater in the could be useful
o Case-control _ different pointsonthe  PAD group than in healthy for PAD diagnosis,
otal s 2020 . Patients were foot controls although it should

categorized into
2 groups: control and
PAD

Measurement device:
FLIR A325sc infrared
camera

Overall, mean foot
temperatures were lower
in the PAD group than in
controls

be accompanied
by other tests to
improve accuracy

PAD: Peripheral Arterial Disease. ABI: Ankle-Brachial Index.
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In the study by Carabott et al.3, 42 limbs were analyzed, grou-
ped as no PAD, mild PAD, or severe PAD. Successive thermograms
were taken at 1-minute intervals during 5 minutes of leg elevation,
followed by another recording after returning to baseline position.
Resting mean temperatures of all angiosomes were higher in PAD
patients than in controls. Significant differences in initial mean
temperature were found in the medial (p = 0.048) and lateral (p =
0.049) forefoot angiosomes, though notin the hallux (p =0.165). This
“novel” finding, according to the authors, contrasts with the common
expectation that an ischemic limb would be cooler. They proposed
that the increased heat emission could result from altered thermo-
regulatory mechanisms, where local ischemia disrupts sympathetic
noradrenergic vasoconstriction, increasing superficial cutaneous
flow rather than deep arterial flow.

The study by llo et al.’ included two groups: a control group
(n=93) and a PAD group (n = 164), the latter subdivided accor-
ding to ABI (normal/mild/severe). Overall, mean foot temperatures
were lower in PAD patients than in controls. Significant differencesin
inter-foot temperature (p < 0.001) were observed, being greater in
PAD patients. The general trend showed lower mean temperatures
in PAD feet, though not statistically significant in all measurements
(e.g., distal plantar areas). Within the PAD group, foot temperatu-
res were slightly higher in mild PAD compared to normal or seve-
re cases, though not significantly so. The authors explained that
in critical chronic ischemia, tissues maximize oxygen extraction,
stimulating vasodilation—which could explain the slightly higher
temperatures in mild PAD. In severe ischemia, these reserves are
depleted, and skin temperature decreases. Significant temperatu-
re differences were observed between control and PAD groups in
both the upper and lower foot regions. The study concluded that
thermography can detect regional thermal differences but should
not be used as a standalone diagnostic test; rather, it could serve as
a complementary diagnostic tool.

In Huang et al.8, 51 PAD patients were analyzed. Thermography
was used to record skin temperature after a walking test. Resting leg
and plantar temperatures were similar between PAD and non-PAD
patients. However, post-exercise temperatures showed marked diffe-
rences: in non-PAD patients, skin temperature rose slightly (32.6 °C
—32.9°C; p<0.001), whereas in PAD patients, plantar temperature
decreased sharply (31.0 °C — 29.7 °C; p < 0.001). The exercise-in-
duced temperature difference was —1.25 °C in PAD versus -0.15 °C
innon-PAD (p <0.001). Thus, after exercise, temperature dropped in
limbs with arterial stenosis but rose slightly in patent arteries. Exerci-
se-induced plantar temperature changes correlated positively with
both walking distance in the 6-minute walk test (Spearman’s p=0.31,
p=0.03)and ABI(p=0.48, p<0.001). ROC curve analysis identified
—-0.99 °C as the optimal cutoff for PAD screening. The authors con-
cluded that while resting temperatures do not differ significantly, the
thermal response to exercise (temperature drop) is a key indicator of
PAD presence and severity, supporting thermography as a non-inva-
sive alternative for PAD evaluation.

Discussion

Currently, multiple diagnostic and monitoring methods exist for
PAD, each with its own advantages and limitations. The most commonly
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used include pulse palpation, ABI, Doppler ultrasound, TPM measure-
ment, and arteriography, the latter being the gold standard®.

Clinical palpation is simple and quick, detecting pulse or tem-
perature differences between limbs often interpreted as signs of
PAD. However, it is limited by subjectivity, examiner experience,
and external factors such as edema or anatomy. A colder limb does
not necessarily imply reduced perfusion and may lead to misinter-
pretation>°1°,

The ABI is the most widely used parameter for PAD detection
and grading due to its simplicity and low cost. However, it can yield
falsely elevated results in patients with calcified arteries—especia-
lly in those with DM or advanced chronic kidney disease—reducing
diagnostic reliability. Its accuracy also varies with population, cutoff
values, and technique, and may miss localized stenoses such as those
in the pedal arch?51013,

Doppler ultrasound is a non-invasive imaging modality providing
real-time anatomical and hemodynamic information but is opera-
tor-dependent and limited by body habitus or bowel gas. Arterial cal-
cification can hinder full assessment, and the therapeutic relevance
of isolated Doppler findings remains uncertain'#5°,

The TPM represents an alternative in cases where the ABl is unre-
liable, but it also has limitations. It cannot be performed in patients
with digital amputations, and results must be interpreted with cau-
tion, as multiple confounding factors can affect the relationship
between measured pressures and clinical outcomes**7°,

Finally, arteriography continues to be considered the gold stan-
dard due toits ability to directly visualize vascular anatomy. However,
its use is restricted to specific contexts, such as surgical planning,
because of its invasive nature and the risks associated with contrast
media, radiation, and vascular access. These complications include
contrast-induced nephropathy, allergic reactions, and puncture-si-
te complications®%®°,

Thermography is a non-invasive imaging modality that uses
infrared cameras to measure body surface temperature. Since it
does not emit ionizing radiation, it allows for safe and unrestric-
ted applications, enabling visualization of the thermal behavior of
biological systems?>81%1" This represents a significant contrast in
cost and accessibility compared with arteriography and near-infra-
red fluorescence angiography, which are much more expensive?.
Thermography can be performed in most healthcare settings and
requires no additional time or cost beyond camera acquisition®'2.
Moreover, advances in this technology have led to the development
of portable, easy-to-use, and affordable infrared thermal systems
that demand minimal operator training—emerging as a promising
technology for PAD detection®***>'!. Because of these characteris-
tics, thermography is positioned as a promising complementary
method in uncertain cases where other tests such as ABI are unre-
liable, as it does not depend on vascular access or arterial calcifica-
tion®>. Its potential as a diagnostic and screening tool at the primary
care level makes it a much more accessible and lower-cost option
for broader application compared to the invasive gold standard*®.

Regarding the results of the analyzed studies, both points of
consensus and notable discrepancies were identified. Three of the
four studies®>® reported a trend toward lower temperatures in PAD
patients vs healthy subjects and described correlations with ABI,
reinforcing the plausibility of thermography as a marker of periphe-
ral perfusion. However, Carabott et al.® reported an unexpected fin-
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ding: higher temperatures in certain forefoot regions of PAD patients,
attributed to vasomotor dysregulation in the context of diabetes. This
contradiction highlights the complexity of thermal interpretation and
the need to standardize measurement protocols and conditions.

Another relevant aspect is the variability in methodology. While
Carvalho Abreu et al.? and llo et al.® analyzed resting temperatures,
Huang etal.®introduced an exercise test, demonstrating that thermal
response to exertion discriminates better between PAD and non-PAD
patients than baseline temperatures. This dynamic approach could
represent a promising research direction, as it captures functional
alterations not always detectable at rest.

The heterogeneity of thermographic devices used is also a cri-
tical factor. Although most studies specify the manufacturer and
model, they rarely provide information on thermal resolution,
emissivity, or calibration procedures, hindering direct comparison
of results. This lack of standardization may affect the sensitivity
and specificity of the technique. Therefore, future studies should
provide detailed descriptions of device specifications, follow repor-
ting guidelines such as STARD and use evaluation frameworks like
COSMIN™1, Similarly, adopting international standards such as
ISO 18434-1:2008 or ASTM E1933 would help ensure the reprodu-
cibility of findings''®.

Overall, the available evidence suggests that thermography may
provide valuable complementary information in the assessment of
PAD, showing particular usefulness in contexts where other tests
fail—such as in diabetic patients with arterial calcification. However,
the limited number of studies, methodological heterogeneity, and
divergent results prevent it from being considered a definitive diag-
nostic technique at present.

For future research, it is a priority to design prospective studies
with larger sample sizes and standardized protocols to confirm
the reproducibility of findings. It would be particularly relevant to
explore the role of thermography in monitoring patients before and
after revascularization procedures, in primary care screening, and in
high-risk populations such as those with diabetes or chronic kidney
disease. Only through high-quality studies and direct comparisons
with reference techniques can the role of thermography in clinical
practice be clearly defined.

Conclusions

Infrared thermography emerges as a promising tool to support
the diagnosis and monitoring of PAD. Its advantages include its
non-invasive nature, absence of ionizing radiation, ease of use, low
relative cost, and potential to complement conventional tests in
clinical situations where these show limitations. However, the avai-
lable evidence remains scarce and heterogeneous, with only four
studies differing in methodology, devices, and findings. Therefore,
thermography cannot yet be considered a definitive or standalone
diagnostic method for PAD. Its clinical use should be regarded as
complementary to other diagnostic techniques, potentially provi-
ding added value in specific contexts such as DM or arterial calcifi-
cation, where ABl is less reliable. Future studies with more consistent
designs and standardized devices and calibration are necessary to
better define thermography’s role in clinical practice and establish
its diagnostic validity.
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