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ABSTRACT ARTICLE HISTORY

A quantifier of the thermal response to a thermal challenge in the lower extremities can Received 25 November 2025
reveal peripheral impairment in patients with type 2 Diabetes Mellitus (DM2), aiding Accepted 8 May 2026
timely diagnosis and treatment. This study introduces the parameter V,; as a feasible KEYWORD

quantifier of metabolic performance in a temperature regulation process of the lower Thermal response; type 2
limbs of individuals with DM2. This index is derived from the analysis of an infrared diabetes mellitus; diabetic
image sequence through the rate of recovery of metabolic heat of the lower limbs after foot disease; biomedical
an instantaneous thermal stimulus, termed the slope value index. The same thermal infrared imaging;
challenge is applied to a group of patients with DM2 and control volunteers, also temperature regulation
clinically supervised. Evaluation of V,; showed reduced recovery performance in patients

with DM2 compared to the performance exhibited by the control group. According to

ROC analysis, this parameter V,; yielded sensitivity and specificity above 0.8, reaching

92% and 83%, respectively. An additional result is that distance V; shows that its

correlation with clinical variables is statistically significant: glucose (p < 0.01) and

HbA1c (p < 0.001). This method offers a non-radiative and non-invasive approach for

assessing metabolic deterioration in the lower extremities, potentially suitable for

unlimited use both in diagnosis and during treatment.

1. Introduction

Body temperature regulation is the result of several biological functions and a large number of physiological
and neurological self-regulatory mechanisms; vasoconstriction, vasodilation, sweating, heat redistribution by
convection through blood flow, and heat exchange with the environment, among others [1]. The simplified
description of human temperature regulation is associated with the dissipation and radiation of excess
metabolic heat, which is the result of biological, chemical and physical activity; that is, the work done as
a result of the interaction of the body with the surroundings [2]. The metabolic heat network is supported by
the vascular system, which acts as a regulation agent through the balanced or controlled action of the
sympathetic and parasympathetic systems [3,4]. For this reason, this network follows distribution patterns
determined by characteristics that in some way form a fingerprint of human anatomy and its related
physiology [5].

Metabolic disorders such as long-term type 2 diabetes mellitus (DM2) often cause impairment of both the
vascular system and heat regulation mechanisms, which means that the heat distribution network and,
consequently, the associated thermal patterns also change. Interestingly, these alterations in the limbs occur
at different rates, which promotes asymmetric alterations of the natural anatomical metabolic heat distribu-
tion [6,7]. This is the onset scheme for body damage, which can lead, in advanced stages, to deterioration of
lower limb function, otherwise known as diabetic foot disease (DFD) [8,9].

To reduce the impact of complications related to type 2 diabetes mellitus, accessible tools are necessary
that can contribute to the timely identification of peripheral nerve damage and vascular damage in the lower
limbs. Hence, the use of infrared cameras to remotely visualise metabolic heat distribution has prompted
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research in the field of biomedical infrared imaging (BMIRI) [10], and consequently, numerous studies have
focused on proving and validating the use of this type of imaging as a tool to support clinical diagnosis.
A significant part of this research is focused on the use of infrared thermography of the soles of the feet to
assess the risk of diabetic foot ulceration [11-15]. This trend is also reflected in the bibliographic review
presented in [16]. In contrast, other studies use infrared images of the legs to obtain information regarding
peripheral damage and assess the likelihood of developing foot ulcers [4,6,17]. Detecting abnormalities
directly in the leg improves the effectiveness of preventive screening.

One of the arising difficulties for IR imaging to reach the quantitative grade relates to the lack of strategies
able to get reliable referencing or baseline standards, in view of the difficulties to validate the reproducibility
and stability of the results. Thus, the corresponding number of reports is quite scarce, as can be verified
through a thorough search in specialised data bases, such as Scopus [18-21]. There is a much broader list of
contributions on BMIRI, covering in a comprehensive manner several types of studies, clinical, non-clinical
and including wounds and other types of tissue damage. The interested reader can consult, for instance [22],
which is an authoritative updated review. As highlighted above, one of the main objectives to reach the
guantitative stage, is to get the validation of BMIRI, specific for the study of metabolic heat disorders caused
by type 2 diabetes mellitus (DM2) and the development of tools to support the early clinical diagnosis of
DFD, with an emphasis on the prevention of amputations in the general population [8,9].

The present report is part of the research programme whose previous results were published in the
references [6,17,23], and the objective is to develop tools to support the early clinical diagnosis of peripheral
damage caused by long-term DM2. The current novelty relies on the simple and direct graphical representa-
tion of the quantifiable metabolic performance of the basal state, when compared against its temporal
response to a controlled external stimulus. That is applied equally to each participant. Such performance, in
each participant, is characterised by the temporal change of the radiometric asymmetry; i.e. the time
response to the external thermal stimulus, which, in turn, is an inherent characteristic of each individual.
The noted representation appears here as the novel slope value index (SVI). This parameter provides not only
a cross-sectional assessment of the limbs, but also a partially longitudinal assessment, which strengthens the
information obtained from the infrared images acquired from each individual. The protocol required for
acquiring the related information, requires a significantly different handling of the participants, including the
inclusion—exclusion criteria, which is more stringent with respect to that protocol in previous reports. That
also extends to the handling of the imaging processing and data extraction. Image stability and methodo-
logical reproducibility are also additional features that add to consistency and confidence displayed by the
emerging results. The results presented here correspond to an examination of the response to a temperature
regulation process in the lower extremities in subjects clinically diagnosed with DM2, when we analyse the
short-term evolution of the thermal patterns distributed in the lower extremities, compared to the perfor-
mance of control individuals, which have a negative diagnosis of this disease. For this purpose, infrared
image sequences are obtained, under controlled and reproducible conditions, for studying the time
response of the lower limb tissue of the participant individuals. The characteristic thermal patterns are
altered through a partially controlled external thermal stimulus: a simultaneously gentle moist of the lower
limbs. Clinical analysis shows that changes in the pattern distribution of metabolic heat, as well as the speed
of change and recovery, are fairly different between healthy individuals, compared to those of patients free
from the characteristic markers that define DFD. The results of this study suggest that by assessing the
performance of the temperature regulation process, it is possible to visualise alterations in metabolic heat in
the lower extremities as a consequence of the long-term evolution of DM2, prior to the appearance of
characteristic lesions of the DFD.

1.1. Asymmetry and thermal response index

Various authors have highlighted the importance of obtaining relevant information through thermal
patterns of the lower extremities to identify metabolic alterations due to the long-term evolution of type
2 diabetes mellitus. These alterations can be identified due to physiological characteristics such as thermal
symmetry [6,12,24-26] or the behaviour of biological tissue under challenges of vasodilation or vasocon-
striction [27-30].
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Taking into account the above, our research group proposed a data analysis that involves a thermal
response test, using the concept of thermal asymmetry and introducing the so-called Asymmetry and
Thermal Response index (ATR-index) [7,17]. This index indicates the relationship between the measure of
asymmetry between the contra lateral limbs and also the response they present to a thermal stimulus. By
changing the moment of measurement of the asymmetry, the authors can evaluate not only the thermal
performance of each individual in a transverse way but also partially longitudinally.

The design of the ATR index allows for a general assessment of the thermobiological performance in the
lower extremities, considering both thermal asymmetry and the response of biological tissue to a challenge
of vasodilation, triggered by the response of the sympathetic neural system. Since the results presented
previously were based solely on the analysis of the symmetry of the baseline state, this study expands this
assessment by studying the evolution of thermal performance over a period spanning from the time
immediately following the application of the thermal stimulus until it reaches thermal stability. In other
words, the application of the ATR-index is extended to examine the performance of the lower extremities in
both patients and controls at different times during a thermal regulation process. This information repre-
sents the instantaneous and time-evolution response of each individual subject to the test. Since the method
applies the same to the control and patient individuals, the expected outcome is to disclose a differentiated
response between the patients and controls, having the metabolic alteration as the differentiation
parameter.

The introduction of the ATR-index is obtained using the concept of cross-entropy as a measure of the
distance between two probability distributions of a random variable. The index is described according to
Equation (1) and indicates the relationship between the asymmetry measure extracted from cross-entropy
analysis (D(Pgeo | Piro)) and the response that each limb presents to a thermal stimulus between two
moments of time considered critical (D(Py, || P1)). The values P, and Pgyq correspond to the probability
functions of the left and right legs in a basal state, respectively, while P,; and P, correspond to the
probability functions of the legs in the immediate instant after applying the thermal challenge, and
a subsequent recovery moment after 15 s, respectively. The method for obtaining those measurements is
described in refs [7,17].

D(Ps, || Pr1)

ATR = =
D(Pgeo || Prro)

(M

Since the thermal evolution and the relative asymmetry are evaluated simultaneously, it strengthens the
significance of the ATR-index as a parametric descriptor of the general behaviour of the temperature
distribution in the lower extremities. According to the objectives of this work, we will have a series of
thermal images for each subject at different times after applying an external stimulus. For this purpose, it is
proposed to use the ATR-index as a function of time t; according to Equation (2), where t; represents the
index of the thermal image in the temporal acquisition. This makes it possible to evaluate the asymmetry
based on the metabolic evolution in the face of an induced thermal change.

D(Ps, || Pr1)

ATR(t;)) = =
(®) D(Pgii || Prei)

(2)

2, Methodology
2.1. Cohort selection

In accordance with the objectives of this study, it is necessary to establish two study groups with adequately
differentiated clinical characteristics and supported by a complete clinical evaluation, including studies of
biochemical parameters and a specialised medical evaluation. The cohort consisted of 54 adult subjects
(40-75 years old), homogeneous in terms of socioeconomic status and geographical origin. The patient
group consists of 36 subjects with a clinical diagnosis of DM2 with a progression of at least 5 years, whose
medical evaluation reports varying levels of peripheral damage without presenting characteristic lesions
related to DFD. The control group consists of 18 participants with a negative clinical diagnosis of DM2. The
clinicodemographic data from the study cohorts can be reviewed in Table 1.
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Table 1. Clinicodemographic data of the study cohorts, divided according to the study group and whose statistical
dispersion is described according to the standard deviation (SD). BMI: Body Mass index; HbA1c: glycated
haemoglobin; blood glucose level (BGL).

Group Age (£SD) [years] BMI (£SD) [kg/mz] BGL (£SD) [mg/dL] HbA1c (+SD) [%]
Patients group 59.43(+9.36) 28.35(+3.64) 164.818(+£72.58) 8.63(%2.5)
Female

Male 57.76(+8.3) 27.88(+3.26) 159.53(+69.4) 8.29(+3.74)
Control group 48.33(+9.2) 27.67(£3.61) 91.6(£7.05) 5.58(+0.24)
Female

Male 52.16(%£5.11) 27.71(+3.84) 94.2(+6.67) 5.65(+0.35)

Following what was established by the clinical protocol (ID number DI/10/301/4/115) carried out at the
General Hospital of Mexico (HGM of the Spanish Hospital General de México), all patients are adequately
informed about the nature and purpose of the study. After that, they sign in accordance and give their
consent for the use of their data. Both the treatment of the subjects and the consent to provide information
were strictly carried out by the assigned clinical and medical staff of the HGM.

2.2. Acquisition of IR-images

To ensure high-quality infrared images (IRIs) in each acquisition session, it is necessary to minimise any
source of thermal noise, so a suitable space has been created where humidity and temperature can be
controlled. This requirement is to prevent and maintain the registry of abnormal changes in the images or
environmental conditions due to affecting the IR-camera performance. For image acquisition, the FLIR-A320
infrared camera was used, which has a thermal resolution of 0.05° C. The dynamic range of temperatures in
the IR-images goes from T=20° C to T=38° C. Adjustments were made to the following camera parameters
based on both environmental variables and the radiation source. The thermal emissivity parameter was set at
0.95, while the relative humidity was below 60% and the room temperature remained at 20° C +2°
C according to the recommendations described in [2].

It should be noted that, as can be seen in Figure 1, the distance between the studied individuals and the
infrared camera was kept fixed at 1 m, while the camera was positioned at a height of 40 cm from the ground,
so that its axis of vision and the anteroposterior axis of the individual's body remained always parallel.
Meanwhile, the apparent reflected temperature was modified for each acquisition according to the changes
observed in the scene.

The region of interest (ROI) that the study focuses on corresponds to the one formed between the
tibioperoneal trunk and the origin of the foot’s dorsal artery, as it is a distinctive region that is frequently
affected by both peripheral vascular disease and neurological damage associated with DFD. For each subject
participating in this study protocol, an infrared image acquisition session was performed, from which two IR
image sequences of the ROI of interest were obtained: one in the frontal view and one in the posterior view.

The first images of each sequence correspond to the baseline state and are detected at the time referred
to as t,. To acquire these first images, each subject must undergo a 15-minutes relaxation procedure during
which each subject was instructed to discover the area of interest, avoiding crossing their legs and placing
the soles of their feet on the ground. The following images are detected immediately after inducing thermal
stress; this time is labelled as t;. From then on, a new image is detected every 15 s, until n = 16 IR-images are
obtained per view taken at instant of time t,.. Thermal stimulation was performed by simultaneously cooling
both legs using commercial wet wipes.

Figure 1 graphically summarises the acquisition methodology described.

A fundamental feature of this methodology is the ability to achieve mild thermal stress through humidifica-
tion of the skin, which causes limited vasoconstriction due to the simultaneous cooling of both lower
extremities. To achieve this, two wet wipes that come into contact with the skin of the lower extremities are
used simultaneously. The underlying hypothesis is that in any individual free from any condition related to
metabolic syndrome, both limbs would recover a temperature distribution very similar to that of their basal
state at a synchronised pace, while an individual with some evolution of metabolic syndrome would experi-
ence an asymmetric recovery due to the presence of different states of neuropathy or vasculopathy [31-33].
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Figure 1. General diagram of the proposed method for detection of IRIs. We got two sequences of IRIs of the lower
extremities of each subject in the study, one for the frontal view and the other for the posterior view.

For the current protocol, the number of images, and thus the corresponding time span, is good enough
for describing the indices and the relationships emerging from thereafter; then, the current cut-off criteria
can vary accordingly with the desired data refinement or any further requirement.

Additional details about the acquisition of IR-images have been previously reported in refs [6,17,23].

2.3. IR-images analysis

From the study of the IR-images of each participating subject, the radiometric information corresponding to
each time t, is extracted. The image segmentation procedure implemented in this study is based on a global
intensity thresholding approach applied to normalised thermal images. Initially, each thermal image is
converted into a greyscale representation and subsequently normalised to the range [0,1] using a linear
scaling function. Segmentation is then performed by applying a predefined global threshold through
a binarisation process. This operation yields a binary mask in which pixels with intensity values exceeding
the threshold are classified as part of the ROI, whereas those below the threshold are assigned to the
background. The resulting binary mask is used to isolate the ROI by selectively preserving the corresponding
pixel intensities from the original thermal image while suppressing background contributions. Furthermore,
the segmentation process is spatially limited to a predefined region specified by coordinate bounds,
ensuring that the analysis is restricted to the anatomically and functionally relevant areas. This constraint
improves the computational efficiency and the consistency of the segmentation process.

Once the ROl is segmented, this is divided into two regions: one contains the radiometric information of
the left leg /;; and the other that of the right leg /z;. For each pair of images, a temporal index ATR(t) is
obtained, following Equation (2).
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Figure 2. General diagram of the proposed method for analysis of IRIs. We got two sequences of IRIs of the lower
extremities of each subject in the study, one for the frontal view and the other for the posterior view. The image analysis
comprises several steps to get: (1) the ATR-index for each IR, (2) the time curves using the ATR values, and (3) the
distribution for the SVI (Slope Value Index).

By following the evolution of this index through a time-dependent curve, we can determine the metabolic
response of each participating subject to a thermal stimulus over time. To visualise this response in relation to the
baseline state, we propose a thermal response quantifier called the slope value index (SVI), which is defined as:

ATRo, — ATR;
SVI; 2 svi(t) = + 3)
i
Here, t; represents the instant of image acquisition time. In turn, ATRy 2 ATR, is the asymmetry index
evaluated in the basal state; ATR; is the value extracted from the IR images pictured at the corresponding
time t. Here i=1,23,...,n.
Figure 2 graphically summarises the analysis methodology described.

3. Results and interpretation

The SVI distribution graph is described in terms of Equation (2) for each time (t;), for both the front view
(x-axis) and the back view (y-axis). An example of this is shown in Figure 3, which corresponds to the SVI
distribution of patients and controls at time tg =105 s.

For each instant of time (t;), a threshold was determined by optimising the sensitivity and specificity
values. These sensitivity and specificity values were always greater than 80%, suggesting confidence in the
robustness of the SVl index at each instant of time in a temporal evaluation. The ROC space map of the SVI
index for all evaluation times is shown in Figure 4.
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markers (A ) depict the corresponding control output; instead, the circle markers (+) refer to the patients. The x-axis relates
to values extracted from the anterior view, whereas the y-axis is for those from the posterior view. This example is provided
to display the maximum compactness of patient data, around the origin and highlighted with the drawn circle, and in
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Figure 4. ROC space of the SVI index for all evaluation times t. The optimal cut-off value is indicated within a circle
according to the Youden's index, which is detected at the times tg =105 s and to = 120 s. The ROC analysis yielded an area
under the curve (AUC) of 0.95 (95% Cl: 0.92-0.98).
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Taking as a starting point the data in the ROC’s representation space, when evaluating the SVI index at
different times (t;), we see that for all times there is a statistically significant classification between groups.
However, according to the Youden’s index, the optimal cut-off value occurs at t;=tg and t;=ty, which
corresponds to the time interval from 105 to 120 s after applying the thermal stimulus. For both cases, the
sensitivity and specificity are 92% and 83%, respectively.

From the radiometric information content of each IR image, we can understand the general behaviour of each
group in a temperature regulation process. This was carried out by estimating the average values of the SVl index
for each instant of time (t;) in both groups, to obtain the SVJ; of the frontal view (SVIr;) and the SVJ; for the posterior
view (SVlg;). The results related to these indices show that there is a significant difference in the average
behaviour of each group, as evidenced in Figure 5. It also shows that the response to external temperature
stimulus is greater in the control group than in patients. This implies that subjects with DM2 exhibit poor
performance in thermoregulation processes, which is consistent with the consensus [6,11,28,34,35].

Furthermore, Fig. 5 shows that in the control group the average temporal behaviour of the SVI curves for
the anterior and posterior views presents similar characteristics, suggesting a corresponding linear relation-
ship between the temporal performance of the limbs in both views with respect to the temperature
regulation process. However, in the group of patients with DM2, uneven performance was observed
between the curves of the anterior and posterior view, as a consequence of the metabolic imbalance that
compromises performance in temperature regulation processes. In addition, symmetry is compromised,
causing a clear variation in the thermal response between the left and right extremities.

From the distribution of the data presented in Figure 3, the tendency of the position of each group with
respect to the origin of the coordinates becomes evident; the patient group tends to be located closer to the
origin, unlike the control group. This behaviour suggests that metabolic performance is related to the position
of the SVI index relative to the origin. From this inference, it is relevant to know the distance of each subject’s

Average temporal behavior SVI
0.01 T T T T T T T

-0.01

-0.02

SVI(t)

-0.03

-0.04

0.05F & |

-0.06 — ' . . : : : :
0 30 60 9 120 150 180 210 240

time after thermal stimulus [s]

Figure 5. Average temporal behaviour between the group of patients and controls according to the SVI index. The triangle-
marker lines correspond to controls (solid line relates to frontal view, dashed line for posterior view) and the circle-markers
lines correspond to the behaviour of the patients (solid line for frontal view and dashed line for posterior view). The time
span for recorded behaviour in all individuals is 225 seconds, being t; =0 s the instant immediately after manual
humectation.
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Figure 6. V, distribution of the groups of patient and control subjects. The graph shows the time-dependent V, distribution
of each individual in the control (A) and the patient () groups. The dashed lines depict the average value V;;, out of Eq. (4),
for control subjects (A), and patients (-). The mirror display is for didactic comparison of the V, value between controls
(upper-half) and patients (lower-half).

position relative to the origin in the SVI index representation diagram. Therefore, we introduce the parameter

v, & Vi(t;) = \/SVI; + SVI%,, calculated for each time t;. This new parameter allows us to construct a curve
that represents the temporal behaviour of each subject for both study groups, as shown in Figure 6. The
statistical average of the temporal performance of each group is shown in dashed lines and represented as

— 1 N
Vi = sz:1 Vri,-; (4)

where N is the total number of subjects in each group. Here, for each V,; point in time, we calculate the
average over all the subjects of each group, and then we plot all the averages on time.

The parameter V,; was computed for both groups, for each time, and represented in Fig. 6 by the black
dotted line in both cases.

Since we deal with the average values for V,;, it would be expected that by including new patient and
control data in the data analysis, the new values of V,; would only shift the relative values around the current
ones, providing greater precision to the relative positions. A much longer and more ambitious task is to
include patients diagnosed with DM2 who are following a specific medical treatment for the disease; it is
expected that these will be within the upper limits of the group.

The V,; index has a particular significance. It opens up conditions for standalone quantitative scaling of the IR-
image-related asymmetry. Since V2 = SVIZ, + SVI2,, one expect that given any two different values of the SVI-
index in the anterior view and the SVI-index in the posterior view, one can construct parametric pairs of entries,
that is, [(SVIFﬁ,SVIBﬁ), (SVIFU,SVIBU)} with i#j. Nevertheless, as the anterior and posterior views are spatially
independent, although they belong to the same body, this condition alone does not guarantee that these
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indices, associated with each image view, would produce information such that what is obtained from one view
interleaves in a linear manner with the complementary other view. This is an important feature from the
perspective of disclosing the true extent to which the quantitative nature of the asymmetry and the stand-
alone value of the information extracted within such scope. Since one can get parametric pairs, in an analogous
sense as in a vector construction, then it is immediate to enquire if the Schwartz inequality is truly satisfied. That is,

to verify whether the inequality, [SVIg;-SVigy + SVigyi - SVIBrj|2 < | SVIZ+SVIg, + SVIZ + SVlﬁtj’, is fulfiled.

This inequality implies that, statistically, the SVI-indices for the frontal and posterior views keep a linear
relationship at each instant of time, provided that the associated images are acquired under the noted
conditions. This result not only corroborates the assumption that there should be a correspondence in the
thermal performance of both views of the lower limbs due to the linear relationship between the indices, but
also implies that the values of the V,; are well defined and bounded. This is a rather fundamental feature from
the perspective that no matter the data distribution, these have to be on a quantifiable and bounded scale.
The extent of the number of consequences requires a dedicated framework where the already known
conditions are well defined, and thus discloses further details of the resulting framework. Clearly, such
analysis is away from the current scope and is likely to be covered in later contributions.

4. Discussion and conclusions

The SVl index makes it possible to identify the metabolic response in both groups at different points in time.
As seen in Figure 3, the patient group shows less dispersion in the distribution of SVI index values than the
control group. This indicates a probable homoeostatic imbalance in the patient group, because DM2 induces
deterioration in various mechanisms necessary for temperature regulation [6,27,28,36]. A summary of the
metabolic response of both groups over time can be seen in the graph in Figure 5, where the differences in
the metabolic response presented by the group of patients with respect to the control group become
evident. As can be seen, the control group showed a greater response to a vasoconstriction challenge and
a more symmetrical evolution during the temperature regulation process.

In order to know how the metabolic response is individually, the parameter V,; is proposed, defined as the
distance from the SVI index to the origin of the coordinate space formed by the front and back views.
According to the results obtained from the temporal analysis developed with the parameter V,; in all the
individuals participating in the study, it is evident that there is a statistically significant difference between
both groups according to the Mann-Whitney U test, with a statistical significance of p <0.0001 for all the
characteristic parameters of both population groups (patients and controls). Due to the alterations that the
presence of diabetes causes in the temperature regulation processes, the observed differences can be
associated with the presence of type 2 diabetes.

This last result demonstrates the ability of the indices proposed in this contribution to identify deficiencies
in the metabolic performance of individuals with DM2 in the process of induced temperature regulation,
providing a well-defined and limited measure. To determine the association between this measure given by
the indices and clinical markers for the evaluation of glycaemic controls such as glucose and HbA1c, it is
necessary to establish a statistical correlation. Thus, using the parameter V,; this correlation was corrobo-
rated. The statistical results of these correlations indicate that V,; has a significant correlation with glucose
(p < 0.01) and HbA1c (p < 0.001).

In conclusion, the indices proposed in this study are able to quantify the thermal response to a thermal
challenge in the lower extremities, providing information on peripheral impairment in patients diagnosed
with DM2. Another important feature is that the indices also display robust properties that allow for self-
referential analysis of thermal patterns. This self-referential analysis, based on the statistical analysis of
radiometric information through the SV I and V,, which in a more fundamental way are based on cross-
entropy analysis, provides a more robust tool than analyses based on direct temperature measurements,
such as the average, since it allows extracting additional information from the spatial and spectral distribu-
tion of thermal patterns potentially associated with the aetiologies of DM2. It is worth noting that this self-
referential approach is based on the underlying hypothesis that certain parameters external to the analysed
system, in this case the subjects’ lower limbs, do not influence the final value of the proposed indices. This
would increase their value by making them more robust, even under less controlled environmental
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conditions, such as those commonly encountered in clinical practice. However, this hypothesis is currently
under investigation.

A medium-term expectation is to expand the available data with a much larger cohort to refine the scale
of these indices as well as their general trend in terms of the temporal evolution of asymmetry. It is expected
that by including a larger sample, the underlying physiological trends captured by the proposed quantitative
indices will remain consistent. The linear property, as described, requires further consideration if a complete
analytical framework is to be obtained. However, the corresponding advance in that stage of the theoretical
model requires further research, which is far from the current scope.

The long-term possibility with this methodology is to achieve a rating scale that allows inferring
manifestations of asymmetry in patients in not so advanced stages of diabetes mellitus, in such a way that
disease states that lead to amputations can be prevented, so that the extenuating cost for any medical
system and for the patient can be reduced.
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