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Abstract

Background: The quantitative interpretation of the radiometric information extracted

from infrared (IR) images in individuals with and without type 2 diabetes mellitus

(DM2) is an open problem yet to be solved. This is of particular value given that DM2

is a worldwide health problem and onset for evolution toward diabetic foot disease

(DFD). SinceDM2causes changes at thevascular andneurological levels, themetabolic

heat distribution on the outer skin is modified as a consequence of such alterations. Of

particular interest in this contribution are those alterations displayed over the skin’s

heat patterns at the lower limbs. At the core of such alterations is the deterioration of

the vascular and neurological networks responsible for procuring systemic thermoreg-

ulation. It is within this context that IR imaging is introduced as a likely aiding tool to

assistwith the clinical diagnosis ofDM2at stages early enough toprevent theevolution

of the DFD.

Methods: IR images of lower limbs are acquired from a cohort of individuals clini-

cally diagnosed with and without DM2. Additional inclusion criteria for patients are

to be free from any visible wound or tissue-related trauma (e.g., injuries, edema, and so

forth), and also free from non-metabolic comorbidities. All images and data are equally

processed and analyzed using indices that evaluate the spatial and temporal evolu-

tion of temperature distribution in lower limbs. We studied the temporal response

of individuals’ legs after inducing an external stimulus. For this purpose, we combine

the information of the asymmetry and thermal response index (ATR) and the thermal

response index (TRI), computed using images at different times, improving the results

previously obtained individually with ATR and TRI.

Results: A novel representation of the information extracted from IR images of the

lower limbs in individuals with andwithoutDM2 is presented. This representationwas

built using the ATR and TRI indices for the anterior and posterior views (PVs), individ-

ually and combining the information from both views. In all cases, the information of

each index and each view presents linearity properties that allow said information to

be interpreted quantitatively in a well-defined and limited space. This representation,
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built in a polar coordinate space, allows obtaining sensitivity values of 86%, 97%, and

97%, and specificity values of 83%, 72%, and 78% for the anterior view (AV), the PV,

and the combined views, respectively. Additionally, it was observed that the angular

variable that defines this new representation space allows to significantly (p < 0.01)

differentiate the groups, while correlating with clinical variables of interest, such as

glucose and glycated hemoglobin.

Conclusion: The linearity properties that exist between the ATR and TRI indices allow

a quantitative interpretation of the information extracted from IR images of the lower

extremities of individuals with and without DM2, and allow the construction of a

representation space that eliminates possible ambiguities in the interpretation, while

simplifying it, making it accessible for clinical use.

KEYWORDS

biomedical infrared imaging, diabetes mellitus type 2, diabetic foot disease

1 INTRODUCTION

Type 2 diabetes mellitus (DM2) is a human-made noncontagious

chronic disease that refers to a group of metabolic disorders, where

altered physiology takes over, with a consequent biological imbalance

of metabolic functions.1,2 The progression of DM2 over the long term,

generally years, is silent, and it causes being diagnosed at advanced

stages, where additional comorbidities are present: imbalance in sugar

regulation, deficit in insulin production, diabetic neuropathy, and dia-

betic vasculopathy. Deep down those are expressions of systemic

damage that lead to chronic kidney disease, liver dysfunction, diabetic

retinopathy, heart disease, and diabetic foot disease (DFD).3,4

The silent evolution of the disease is such that when diagnosed,

there are advanced stages of systemic inflammation in the vascular and

neurological networks. These networks are themain framework of the

so-called metabolic heat, a feature that can be physically pictured and

even theoretically modeled.1,5–8

Due to metabolic processes, the trunk of the human body behaves

as a heat source. This can be pictured through infrared (IR) imaging

devices—the so-called IR cameras. These images are characteris-

tic heat pattern distributions, which in itself can be assumed as a

fingerprint-like of themetabolic performance in each individual.When

metabolic disorders arise, the natural metabolic heat distribution is

altered, carrying information about the sort of dominant metabolic

disorder.1,2,5 This information is expressed in terms of metabolic heat

alterations, which, when pictured as IR images, are a source of anoma-

lous pattern distributions. This signifies that the progression of the

metabolic disorder forces the initial heat distribution to drift away

from what one can identify as the healthy, or initial, stage of heat

distribution.8–22

There is an ongoing difficulty in succeeding with establishing a

benchmark of the healthy, or initial, stage of heat distribution in a

given individual. The ideal scenario is where such sort of distribution

is pictured and then set it up as a baseline for grading the drift of the

metabolic heat drift. As noted before, the metabolic heat distribution

of each individual is unique. Thus, the ideal situation is far fromrealistic.

This contribution is centered on introducing a self-referencing

methodology, along with numerical and graphical tools specifically

dedicated to overcoming the difficulty noted in the previous para-

graph. By nature, the human body expresses contralateral thermal

asymmetry.18,23–25 It means that human physiology attains equilib-

rium conditions, and thus the natural asymmetry is a natural initial

equilibrium condition. Then when this asymmetry is temporarily chal-

lenged by a controlled external thermal stimulus, the measurement of

the contralateral asymmetry and its derived relationships would be

used as a sort of scale to estimate the drift away from the initial, or

healthy, stage.19,26,27 According to Ortiz-Sosa et al.,19 both asymmet-

ric and temporal changes due to DM2 can be characterized using a

parametric index named asymmetry and thermal response index (ATR).

On the other hand, Fuentes-Oliver et al.,18 pursued the assessment of

this issue by using several nonparametric indices related to the ther-

mal asymmetry and the thermal performance of lower limbs after a

short-time stimulus is applied.As a result, they introduced the so-called

thermal response index (TRI).

Each one of these two indices provides us with different scopes of

information in an individual way, which, at the same time, are com-

plementary to each other. Departing from this premise, the core of

the present work is to show the simultaneous representation of both

indices. The gain in following this pathway is to reinforce the indices

of mutual capabilities and emerging properties these have by nature of

construction. That is to say, ATR and TRI indices, although independent

fromeachother, have analogous properties as functions. This is regard-

less that ATR is parametric in the radiated temperature, while TRI is a

nonparametric index.

Here we describe a viable strategy for using the previously men-

tioned indices, extracted from images of the anterior and posterior

view (PV) of the lower legs in a cohort of patients clinically diagnosed

with DM2 and without visible expressions of the disease. This is done
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TABLE 1 Clinical information of the studied groups.

Group Age (± SD) (years) BMI (± SD) (kg/m2) Glucose (± SD) (mg/dL) HbA1c (± SD) (%)

Patients with DM2 58.8 (± 9.2) 28.16 (± 3.43) 161 (± 73) 8.41 (± 2.29)

Control subjects 49.6 (± 8.5) 27.69 (± 3.80) 93 (± 7) 5.61 (± 0.30)

Abbreviations: BMI, bodymass index; DM2, type 2 diabetes mellitus; HbA1c, glycated hemoglobin; SD, standard deviation.

F IGURE 1 IR images acquired from an individual in the studied groups. The upper line corresponds to AVwhile the bottom line shows images
of the PV. From left to right, IR images account for the baseline state (t0), the time immediately after stimulation, t1, the time 15 s after the stimulus
was applied, t2, and the time 4min after stimulation, t18. AV, anterior view; IR, infrared; PV, posterior view.

alongside with its comparison respect equivalent data obtained from a

cohort of controls, clinically diagnosed free from theDM2disease. The

method we describe takes into account the combined values of these

indices, aiming to obtain a better diagnostic performance. With this

methodology, we extract quantitative information from the IR images,

and given themathematical framework and the nature of the extracted

information, we manage to establish linearly independent dominions

of representation of the information. In the current report, we use

the x-axis for the TRI and the y-axis for the index of ATR, as shown

later. In this manner, we manage to overcome the necessity for an

external reference, and at once one can get independent quantitative

information for each individual.Which compared between healthy and

non-healthy, the expectation is to get distinctive differences among the

related groups. In summary, the main result we get is this confirmation

that meaningful quantitative sets of data related to cross entropy and

radiometric information are feasible to obtain and these are unique for

each individual. Furthermore, given the nature of these data, those can

be represented over a diagramwhere the patients and controls appear

separated, depending upon their asymmetry and thermal performance,

which as initially stated, are expected to perform different for patients,

respect that for controls.

2 METHODS

As part of the supervised clinical protocol DI/10/301/4/115 of the

General Hospital of Mexico, a set of IR images was acquired from a

cohort of 36 patients clinically diagnosed with DM2 and 18 control

volunteers without the disease. Laboratory check-ups (blood tests

and urinalysis) were done for both groups. Additionally, the clinical

record was obtained for the former group by medical staff of the

General Hospital of Mexico, after the informed-agreement and signed

consent of all the subjects included in the clinical protocol previously

mentioned. Some data of interest for both groups can be found in

Table 1.

2.1 Acquisition protocol

IR-images were acquired from the anterior view (AV) and PV of the

legs of the subjects. These images were obtained both in passive mode

(stand-still position) and in active mode (with an induced thermal stim-

ulus), as shown inFigure1. Thepassivemode consists of getting a single

image of the legs before the thermal stimulation; that is, the base-

line state (t0). Thermal stimulation was performed by simultaneously

cooling both legs using commercial wet wipes. After that, a temporal

set of IR images was acquired immediately after the stimulation and

then every 15 s for 5 min. This is the active mode acquisition. For the

purposes of this work, we only concentrate in a sequence of the first

18 images of the active mode acquisition, that is, the first 4 min after

thermal stimulation.

Before the IR-images acquisition, each subject was prepared to

uncover the area of interest and rest for 15min to ensure thermal equi-

librium concerning the working environment. In this way, it is possible

to minimize the external thermal noise and the thermal fluctuations

throughout the study.
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F IGURE 2 General diagram of the IR image acquisition and processing for obtaining ATR and TRI indices. ATR, asymmetry and thermal
response index; TRI, thermal response index.

For performing the acquisition, a calibrated IR-camera FLIR-A320

with a thermal sensitivity of 0.05Kwas used. This camerawas placed in

an environment with a controlled temperature set to remain at 20◦C,

with variations no greater than 1◦C while the study was performed.

Humidity was continuouslymonitored aswell, remaining always below

60%. The distancewas fixed to ensure that the region of interest (ROI),

corresponding the o subject’s legs, was in the camera’s field of view

(FOV). Extra details about acquisition protocol are previously reported

in refs. [18] and [19].

2.2 Images analysis

Once the IR images were acquired, cross-entropy (CE) analysis as well

as asymmetry analysis were performed for both stand-still and active

mode images following the procedure previously described in refs. 18

and 19 The former analysis allows us to get the relative difference

between both lower extremities, considering the statistical distribu-

tion of temperature as a comparison parameter. For the stand-still

images, this relative difference is directly represented through the

cross-entropy, and it is later used to compute the ATR, which combines

the passive mode information with information about the metabolic

evolution of the limbs after stimulation. On the other hand, the asym-

metry analysis for the passivemode images results in an index that cor-

relates the thermal information of each limb, looking for the total value

of asymmetry between the legs. This index is the thermal asymmetry

index (TAI). The TAI is computed not only for the stand-still images but

also for the temporal set of images acquired in the active mode, pro-

ducing a curve that describes the temporal behavior of TAI. Using some

characteristics of this curve, a new index, named TRI, is obtained. This

TRI describes the temporal behavior of the legs’ asymmetry, which is

closely related to themetabolic evolutionof the limbs after stimulation.

A general guide for this process is displayed in Figure 2.

ATR is an index that provides information on metabolic deteri-

oration from numerical values that correspond to both asymmetry

and thermal recovery after thermal stimulation. This index, adapted

from,19 is defined as:

ATR =
D
(
Pt2 ||Pt1)

D
(
PRt0 ||PLt0

) ; (1)

where D(Pt2 ||Pt1 ) is the thermal distance between the state immedi-

ately after stimulation and the altered state 15 s after the stimuluswas

applied. D(PRt0 ||PLt0 ) is the thermal asymmetry between the right Rt0

and left Lt0 reference states.

At the same time, the TRI was computed using the procedure

reported in. ref. 18 In detail, TRIwas obtained as follows:

TRI =
SD (TAI (t))

TAIm
⋅
TAItf
TAIt0

. (2)

Here, TAI(t) represents the temporal evolution of the thermal asym-

metry index. SD(TAI(t)) is the standard deviation of the time-dependent

TAI-index curve,TAIm is themeanvalue ofTAI(t),TAIt0 is the initial value

ofTAI(t), corresponding to the thermal state before the stimulus, that is,

the basal state, and TAItf accounts for the last recorded value of TAI(t)

after thermal stimulation was applied.

These indices in their original representation allow for evaluation

of the global response of the lower extremities, considering both the

AV and the PV, obtaining sensitivity and specificity values of 83% for

both parameters in the case of ATR, and of 86% and 83% for the TRI,

respectively.

To obtain a differential evaluation of the information provided by

both views, in this work the previously described indices (ATR and TRI),

obtained for each acquisition view, were used as coordinates in a space

whose information describes the behavior of the thermal asymmetry
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FUENTES-OLIVER ET AL. 5 of 9

F IGURE 3 ATR and TRI indices behavior for the anterior and PVs. In both graphs, blue triangles correspond to control volunteers, while red
circles account for diabetic patients. ATR, asymmetry and thermal response index; PV, posterior view; TRI, thermal response index.

of the lower extremities of an individual in response to an external

thermal stimulation. Additionally, the information from both views for

each of these indices was combined in such a way that it is possible to

retrieve a global representation of the response of the lower extrem-

ities, but now in the space described by the ATR and the TRI. This

combined representation was obtained as follows:

IT =
√
I2A + I2P; (3)

where I represents any of the indices used in this work (ATR or

TRI), while the subscripts A and P correspond to the anterior and

PVs, respectively. Since, in essence, this expression represents the

Euclidean distance, and due to the natural equilibrium condition

for the asymmetry, this distance has to be bounded. Hence, the

relationship between anterior and PVs requires the indices to sat-

isfy linearity conditions. In other words, each pair of indices, ante-

rior and PVs, should fulfill Schwartz’s inequality, |IAi ⋅ IAj + IPi ⋅ IPj|2 ≤

|I2Ai + I2Pi + I2Aj + I2Pj|; with i ≠ j. Then this test is carried on as part of the

validation process.

These results indicate that the inequality is fulfilled and thus: the

indices are bounded, and there exists a linear relationship between

each pair of views, for both indices.

3 RESULTS AND DISCUSSION

Figure 3 shows the behavior of the previously described indices for the

anterior (Figure 3A) and posterior (Figure 3B) views, respectively. For

both views, 0.19 and 0.75 were chosen as threshold values for TRI and

ATR, respectively. These thresholds were obtained by maximizing the

F IGURE 4 ATR and TRI indices behavior for the combination of
anterior and PVs. Blue triangles correspond to control volunteers,
while red circles account for diabetic patients. ATR, asymmetry and
thermal response index; PV, posterior view; TRI, thermal response
index.

Youden index, obtaining sensitivity and specificity values of 86% and

83% for the AV, while for the PV, these values were 97% and 72%,

respectively.

On the other hand, for the combination of both views (see Figure 4),

threshold values of 0.22 and 0.87 were obtained for the TRI and
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6 of 9 FUENTES-OLIVER ET AL.

F IGURE 5 Polar representation of the behavior in both groups using the ATR and TRI indices, both for the (A) AV and (B) PV. ATR, asymmetry
and thermal response index; AV, anterior view; PV, posterior view; TRI, thermal response index.

ATR indices, respectively. With these thresholds, the sensitivity and

specificity obtained were 97% and 78%, respectively.

It should be noted that using these thresholds, it is possible to define

four quadrants where the studied subjects are located. In particular, in

the upper right quadrant, we findmost of the control individuals, while

in the lower left quadrant, most of the diabetic patients accumulate.

The quadrant configuration previously shown suggests that a

polar representation could provide a more direct interpretation of

the results, using the TRI and ATR indices as the x-axis and y-axis,

respectively. Considering this, we can define the radial and angular

coordinates as:

r =
√
TRI2 + ATR2; (4)

𝜃 = arctan (ATR∕TRI) ; (5)

In this representation, it is possible to use only the angular coor-

dinate as a parameter to define specific thresholds that are valid

not only for the views independently but also for the combined

information of both (see Figures 5 and 6). After minding the sta-

tistical nature of the indices ATR and TRI, and that the magnitude

represented by Equation (4) is again an Euclidean distance, it turns

out that the ATR and TRI indices also satisfy Schwartz’s inequal-

ity: |TRIi ⋅ TRIj + ATRi ⋅ ATR|2 ≤ |TRI2i + ATR2i + TRI2i + ATR2j | , with i ≠
j. This is true for each independent view or by combining the informa-

tion from both views, as described through Equation (3) and thereafter

considerations up to the closing of Section 2. Again, the reason behind

checking that this inequality is satisfied is a matter of self-consistency

and to show that, besides the construction differences, the magni-

F IGURE 6 Polar representation of the behavior of the studied
groups using the ATR and TRI indices for the combined information
from both acquisition views. ATR, asymmetry and thermal response
index; TRI, thermal response index.

tude defined by Equation (4), also fulfills linearity conditions within a

well-defined and bounded range of values.

Another advantage of using the angular representation is that it

helps to get a simpler and self-explanatory display of the statistical dis-

tributionof patients andcontrols. Since the threshold valuesdefinedby

the angular coordinate were obtained bymaximizing the Youden index

for the combineddata, then the control individuals tend to be clustered
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in the quadrant delimited by the 0◦ and 90◦ angles, with ROC-test val-

ues for sensitivity and specificity of 86% and 83%, respectively, for the

AV.While, for the PV, these values are 97% and 72%, respectively.

Instead, when combining the information carried by both views,

the sensitivity and specificity values are 97% and 78%, respectively. It

means that the combined sensitivity and specificity produce improved

thresholds. Additionally, the extra advantage that polar representa-

tion provides is that the same threshold values can be used for each

view, when studied independently, and for the combination of both. In

this way, the quantitative characteristic of the results becomes unam-

biguous and the graphical representation assists in simplifying the

interpretation andmeaning of the results.

As a result of using the polar coordinates representation of the

combined information from both views, the specificity of the study

is reduced by up to 5% and the sensitivity is increased by up to

14% compared to the results obtained with the ATR and the TRI

independently.18,19 This suggests that the combined information from

these indices improves the detection of true positives. Furthermore,

from the extracted data, one can visualize that some of the individ-

uals in the control group have some drift toward the non-healthy

group, which is the reason for the decrease in specificity. One could

hypothesize that these individuals have anongoing progression toward

metabolic disorder, considering that all individuals included in this

study, with and without the etiology, were not hand-picked. They were

randomly included, provided they fulfilled the inclusion and exclusion

criteria.

The hypothesis is supported by the fact that the onset of the DM2

disease and its evolution to DFD are diabetic neuropathy and periph-

eral vascular disease (PVD).3,4 The general estimate is that these two

pathologies develop nearly simultaneously. Then, as the metabolic

damage progresses, one of them dominates the onset of the disease.

However, at advanced stages, both etiologies are entangled present. At

the macroscopic scale, the damaging effects are the dominant imprint

over the metabolic heat distribution. One can recognize that diabetic

neuropathy reduces the body’s responsiveness to external thermal

stimuli, while peripheral vascular disease prompts changes in the vas-

cular network, and hence in the anatomic imprint of the metabolic

heat.

The ATR and TRI indices apply in longitudinal and transversal image

studies, and in both directions their linearity relationship holds. From

the framework of construction of the indices, the dominant part of the

ATR index is the longitudinal component, which is presented through

the numerator in its definition. Instead, the TRI is more responsive

to the cross-sectional component, expressed through the statistical

dispersion and average behavior, connected with the Spearman index.

The noted algebraic linearity of the Euclidean magnitudes, or oth-

erwise, distances, is the foremost fundamental property of the ATR

and TRI indices and aligns them with the equilibrium property. In

biological systems, physiological equilibrium is a fundamental compo-

nent for regulating and adjusting both the energy consumption and

physiological response mechanisms caused by the interaction with the

surroundings. Those actions are refereed as homeostasis and allosta-

sis, respectively. Homeostasis relates to the self-regulation process by

which biological systems tend to maintain stability while adjusting to

optimal conditions for survival. Allostasis refers to the physiological

mechanisms or actions that the biological system undergoes to main-

tain that stability. Both features, by natural principle, should follow

a principle of minimum action or lower energy consumption. Ulti-

mately, this means that any alteration the biological system undergoes,

it would go through the homeostasis and allostasis mechanisms. From

the physical point of view, it means that those processes are determin-

istic and follow the minimal consumption of the energy principle. This

is an essential precondition to ensure the stability and attain the noted

biological equilibrium. Mathematically, the Schwartz inequality refers

to the minimal trajectory for energy consumption in keeping stability

with biological equilibrium. In otherwords, the ATR and TRI indices are

well definedwithin a continuous and bounded range of values.

As presented in the introduction, diabetic neuropathy, and vas-

culopathy are the two main branches of macroscopic physiological

expression with an imprint over IR imaging. Within this context, one

would expect dominant neuropathy the exhibit smaller ATR values

as the pathology tends to severity. Instead, when the vasculopathy

is the dominant underlying systemic pathology, the TRI values would

tend to be smaller values with the increase in severity. The underpin-

ning causal conditions attached to the way the indices are constructed

impose the ATR index to be parametric, being the temperature the

driven parameter. Under temperature challenge, as the neuropathy

progresses, the limbs are less prone to respond to the challenge. The

cross-entropy distance between left and right limbs or anterior respect

PVs would tend to be smaller. The limbs are less sensitive to stimulus

and the thermal differentiation would tend to be null. Instead, TRI is

a nonparametric correlation-related index, which measures the statis-

tical dependence between left-to-right views or anterior-to-posterior

views. As the severity of the vasculopathy increases, the statistical

correlation of one of the limbs shall degenerate earlier concerning its

counterpart. In the long run,when thedamage is severe, the correlation

diminishes and tends to be null.

The noted considerations are introduced as a possible interpre-

tation of the data in Figure 4. The data for patients tend to have

increasingly smaller values of both indices, while most of the control

volunteers maintain values greater than the specific thresholds. How-

ever, some patients present a behavior similar to the controls for a

certain index, while for the other index, the values are below the indi-

cated threshold, suggesting that in these patients it is still possible to

differentiate which of the two underlying pathologies of DFD is the

dominant one. At the same time, some subjects without a clinical diag-

nosis of diabetes present a closely related behavior with that expected

for patients in one of the two indices described in this work, probably

implying that these subjects present a metabolic imbalance associated

with some degree of pathology that has not yet been diagnosed.

The noted data distributions for both patients and controls are

displayed in an analog manner in the Cartesian and the polar repre-

sentation (see Figure 6). That is to say, the change in representation

fromCartesian to polar does not alter the data interpretation. It rather

improves and simplifies the interpretation, and at once adds to the ben-

efit that, through the angular coordinate,maywell be possible to assess
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the dominant factor expressed over the IR images—whether this is

nephropathy or vasculopathy, or even both competing. This last state-

ment could be verified over a given patient with longitudinal follow-up

for several months.

As a final remark, notice that according to the Mann–Whitney U-

test, for the Cartesian representation, both indices, the ATR, and the

TRI, provide conditions for the studied groups to be significantly differ-

entiated (p < 0.01). However, in the case of polar representation, only

the angular coordinate grants the possibility for the differentiation to

be made significant (p< 0.01). Although the radial coordinate does not

grant conditions for differentiation, it is better suited for identifying

the severity of the physiological alteration or damage.

Similarly, the correlation between ATR and TRI with two char-

acteristic clinical variables of DM2, such as glucose and glycated

hemoglobin, is statistically significant (p < 0.01); however, the same

does not occur in the case of the new variables in the polar representa-

tion, where the correlation is not statistically significant. Considering

the previous hypothesis that polar representation allows differenti-

ation between subjects with predominantly neuropathy or PVD, this

suggests that other clinical variables characteristic of those two under-

lying pathologies of DFD must be taken into account to make a

correlationwith the indices in the polar representation and verify if the

hypotheses suggested here are true.

4 CONCLUSIONS

A method to combine ATR and TRI indices as quantitative markers

specific to assist in the DM2 clinical diagnosis was introduced. This

methodology departed from the extraction of radiometric quantitative

information out of IR images of anterior and PVs of human lower limbs.

The participants were individuals clinically diagnosed with and with-

out DM2, undergoing inclusion–exclusion criteria, as part of a clinical

protocol in the General Hospital ofMexico inMexico City.

The basis for the construction of these indices was to get quantita-

tive markers related to the natural physiological asymmetry between

two biological constituents of the system that are physiologically

equivalent, the lower limbs. Although the information was acquired

from apparent independent spatial dominions, the systemic perfor-

mance demands these dominions to react closely simultaneously,

maintaining a linear relationship when comparing contralateral and

anterior to posterior views. This linearity, along with the continuity

and existence of boundary conditions, arose from the fulfillment of

the Schwartz inequality. In consequence, this comparison of statistical

information extracted from two equivalent, and although independent,

spatial heat distributions, leads to thepossibility of defining aEuclidean

distance and an angle, allowing to graphical display of the defined

indices in polar coordinates.

The use of polar coordinates simplifies the interpretation of the

information obtained when calculating the ATR and TRI indices for the

AV and PV. In either case, the sensitivity and specificity thresholds for

both views are above 70%, andwhen combined the thresholds improve

to be above 80% andwith satisfactory, p≤ 0.01, statistical significance.

The best comparison of indices is when combining anterior and poste-

rior views and comparing against the corresponding contralateral view.

When the comparison is made individually for each view, it is possible

to observe the ongoing trend for each group. Over the combination,

this trend is magnified.

The current contribution displays how to overcome the necessity

for an external reference, through the extraction of independent

quantitative information for anterior and posterior views of the

lower limbs of a given individual, within minutes and under controlled

environmental conditions. The main result we get is that the obtained

indices are unique for each individual and can be followed by com-

parison, either among individuals or across time for a given individual.

Furthermore, the joint display of the indices for patients and controls

enhances the underlying physiological alterations imprinted over

the metabolic heat distribution pictured from the lower limbs. Such

alterations are paramount for the drift of the functional asymme-

try and thermal performance, concerning what is expected in the

absence of the vascular damage and neuropathy disease, induced by

the metabolic alterations associated with the evolution of the DM2

disease.

Finally, the polar representation, at first glance, greatly simplifies

the interpretation of the results. The arising question emerging from

the current contribution is to question whether is possible to differen-

tiate the dominance of the vascular disease or the diabetic neuropathy,

and over the extension for a longitudinal study, one can different

degrees of severity, or effectiveness of a given clinical treatment.

Indeed, these are open to question to set up specific hypotheses that

are yet to be corroborated.
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