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ABSTRACT The advances in infrared thermography during recent years have opened new possibilities for
its use in medical diagnosis. The detection of complications related to diabetic foot is one of the many uses
of this technology. This paper presents a new public plantar thermogram database composed of 334 plantar
thermograms from 122 diabetic subjects and 45 non-diabetic subjects. Each thermogram includes four extra
images with their respective temperature file, corresponding to the four plantar angiosomes. The database
is expected to provide a valuable source to promote research about the potential of infrared thermography
for the early diagnosis of diabetic foot problems. The work describes the plantar thermogram acquisition
protocol, including the acquisition system and the proper preparation of the subject. It also presents a brief
review of the techniques used in previous works for segmentation, registration and correction of feet posture.

INDEX TERMS Diabetes mellitus, diabetic foot, infrared thermography, thermogram database.

I. INTRODUCTION

The use of infrared thermography (IRT) in medical imag-
ing diagnosis has increased in recent years as a result of
technological advances in infrared cameras to improve the
speed of response and resolution [1]. IRT is a non-contact,
non-intrusive and non-invasive technique that allows real
time surface temperature to be displayed. In contrast with
other imaging techniques used in medicine, IRT does not
use any harmful radiation since it only detects the radiation
emitted by the object [2]. In the case of diabetes, IRT has been
successfully used, especially to detect complications related
to diabetic foot [3]-[8].

Diabetic foot is one of the major complications experi-
enced by diabetic patients, and it can be defined as the group
of syndromes in which the existence of neuropathy, ischemia
and infection cause tissue damage or secondary ulcers to
micro-traumatisms, causing an important morbidity that can
result in amputations [9]. Diabetic patients have around
12 —25% lifetime risk of developing a foot ulcer [10], which
is mainly related to peripheral neuropathy, and often with
peripheral arterial disease [11]. As the skin can be considered
an interface between the body and the environment, it can
be influenced by several external and internal factors [12].
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Peripheral vascular disease (PVD) is a significant compli-
cation of diabetes and can produce changes in blood flow
that will induce a change in skin temperature. An increase
in skin temperature can also indicate tissue damage or
inflammation associated with some type of trauma or exces-
sive pressure. These traumas are often related to moderate
repetitive stress that goes unnoticed due to sensory damage
(diabetic neuropathy). Shoe-related trauma, high plantar pres-
sures caused by foot deformities, and repetitive stress associ-
ated with walking or daily activities have been identified as
the most frequent precursors of ulceration [13]. The appli-
cation of thermal imaging for the detection of diabetic foot
complications is based on the assumption that a variation
in the plantar temperature is associated with these types of
complications.

Currently, there is wide research concerning the automatic
identification of diabetic foot problems using IRT. Asymmet-
ric temperature analysis is the most common approach due to
its simplicity and its consists in comparing the temperature
of one foot with its contralateral. Due to the different foot
shapes among subjects and the different temperatures present
in diabetic patients, thermogram processing, including the
segmentation process, is an important step since the accuracy
of the subsequent analysis depends directly on it. Different
techniques have been presented for the processing of plantar
thermograms, including segmentation techniques, such as
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thresholding, active contour models, edge detection, diffuse
clustering, among others.

The main purpose of this paper is to present a new plantar
thermogram database created during our research. To our
knowledge, there is no freely available public database of
plantar thermograms. The database contains 334 individual
foot thermograms from 122 diabetic subjects and 45 non-
diabetic subjects. The foot is isolated from the rest of the ther-
mogram background and manually corrected to work directly
with it. This public database aims to increase research about
the potential of IRT for the early diagnosis of diabetic foot
problems, allowing the development of more powerful tech-
niques to detect these problems. Each thermogram includes
four extra images with their respective temperature file, cor-
responding to the four plantar angiosomes. An angiosome is
aunit composed of tissues supplied by a single artery [5], and
therefore, provides valuable information that relates tempera-
ture to arterial damage. With the angiosome extraction, it may
be possible to identify if the blood supply of a particular
angiosome is compromised, and if it is detected, the patient
can pay more attention to prevent the formation of diabetic
foot ulcers [5]. Also, for each sample, the foot temperature
and the temperature of each angiosome are included, as well
as the thermal change index (T'CI). This will allow researchers
to work directly with this data, if necessary.

The remainder of the paper is organized as follows.
Section II presents a brief description of the different methods
proposed for the segmentation and registration of the plantar
thermograms. In Section III, the plantar thermogram acqui-
sition protocol, including the acquisition system, subject
preparation, subjects information, thermogram processing
and angiosome extraction, is presented. Section IV presents
a description of the database, and finally, in Section V the
conclusion of this paper is presented.

Il. RELATED WORK

IRT is a widely used technique in several medical applica-
tions, including in the detection of diabetic foot problems.
The thermal analysis presented until now can be classified
into four categories: independent limb temperature analysis,
asymmetric analysis, temperature distribution analysis and
external stress analysis [14]. Independent limb temperature
analysis is a simple analysis that allows obtaining representa-
tive temperature ranges among different study groups. Exter-
nal stress analysis consists in applying an external stimulus to
the patient and analyzing the behavior of the plantar tempera-
ture to this stimulus. The main purpose of the temperature dis-
tribution analysis is to evaluate mainly the way in which the
temperature is distributed and not its magnitude. Asymmetric
analysis is the most common analysis; it compares the plantar
temperature of one foot with respect to the contralateral foot
temperature.

Several of these analyses include automatic processes
of segmentation, registration and correction of feet pos-
ture, especially asymmetric analysis. Image segmentation
is the process of partitioning a digital image into a set
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of non-overlapping regions, whose union is the entire
image [15], whereas image registration is the process of
overlaying two or more images of the same scene taken at
different times, from different viewpoints, and/or by different
sensors [16]. Both processes require an effective performance
since the accuracy of subsequent analyses depends directly
on both. In this section, a brief description of the different
techniques proposed for the segmentation, registration and
feet posture correction of plantar thermograms is presented.
In [17]-[22], examples of a histogram-shape based thresh-
olding method to extract the plantar region directly from the
thermogram are presented. For subsequent analysis in [18],
[19], [21], [22], the feet posture was corrected by two refer-
ence points: one at the tip of the first toe and the other one at
the center of the calcaneal base. After several tests, they con-
cluded that an angle ~ 85°0n the inside of the foot, between
both points, indicated a vertical feet position. Kaabouch
et al. [23]-[27] tested different methods for extracting the feet
from the background, such as methods based on histogram
shape, clustering, entropy, object attribute, as well as genetic
algorithms; it was concluded that the genetic algorithm-based
thresholding technique has the best results. To adjust the
left and right feet at the same position for an asymmetric
analysis, [24]-[27], a geometric transformation was needed.
Based on two feature points, the centroid and the furthest
point from the centroid to the heel, the angle was calculated
with the line between the two points and the vertical direction.
Then, a translation to put the feet in the middle of the image
and a rotation to the vertical position of the characteristic
line were preformed. In [23], the same author presented an
alternative technique based on scalable scanning. The pro-
posed technique allows a more reliable comparison, even if
the shapes and sizes of the two foot projections are different.
Thresholding methods achieve good results when the con-
trast between the plantar region and background is high. This
produces a bimodal image histogram where two data peaks
can be observed, one representing the plantar region and the
other representing the background. In 2013, Liu ef al. [28]
implemented the methods described in [23]-[27], but the
results obtained were not satisfactory in image, where there
is no clear intensity difference between the foot and the
background. They implemented the Active Contours Without
Edges (ACWE) method; however, the images without high
contrast and visible parts of the ankles and legs still needed
manual adjustment. In [34], they developed a computer-aided
diagnostic system for diabetic peripheral neuropathy, where
the segmentation process was based on techniques, such
as continuous max-flow, model based segmentation, shape
preservation, convex hull, and temperature normalization.
First, they applied the continuous max-flow method to seg-
ment the foot in the first frame of the thermal video. With
the segmentation of the first frame, they applied a shape
extraction to create a geometric foot model. Then, for the
successive frames, a numerical optimization was used to
search for the best fit of the foot model based on mutual infor-
mation. Only rotation and translation were needed because
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the authors mentioned that there was a minimum deformation
of the foot, and the foot did not warm up uniformly. After this
process, they extracted the temperature change for each point
on plantar temperature to analyze it with their thermal model
and obtained a thermoregulation map at each point of the feet.

In [30], a comparison between two image segmentation
techniques for plantar thermograms is presented. The edge
detection and watershed method were used to segment ten
thermograms of healthy feet and ten of diabetic feet. The
comparison shows that the edge detection technique was
more reliable than the watershed method. More recently,
Sudha et al. [43] presented a semi-automatic segmentation
algorithm based on Otsu thresholding, followed by morpho-
logical operations. They tested this methodology under three
different image acquisition setups. They showed that morpho-
logical operations combined with the Otsu thresholding per-
formed good results in each of the image conditions, mainly
in the ankle area. In a subsequent work [44], they used the
same segmentation method presented in [43] for healthy foot
thermograms, but they used an ACWE method for diabetic
foot thermograms. In [46], a method based on a modified
active contour that included prior shape information, namely
an atlas of the plantar foot contour, is presented. The proposed
method overcomes the classical Snake method, as well as
other segmentation methods, such as region growing, active
contour approaches, methods based on level sets [48]-[50]
and the graph cut approach [51]. However, as in other works,
the problem also occurs when the toes are cold or at the same
temperature as the background.

Despite the different methods presented to isolate the plan-
tar region directly from the thermogram, the main problem
occurs when the temperature of a part of the foot is similar to
the background, so the contrast between both regions is low.
To avoid this problem, Liu et al. [40] presented a more precise
foot segmentation when there is no clear thermal contrast
between the foot and the background. This was done by
using the color image to guide the thermogram segmentation.
They used three different unsupervised learning algorithms
to extract the feet of the color images: the K-means algo-
rithm, the expectation-maximization linear discriminant clas-
sifier (EM-LDC) and the expectation-maximization linear
quadratic classifier (EM-QDC). The algorithms were applied
in six different color planes (RGB, normalized RGB, RGB-
ratio, HSV, CIE L*a*b*, and YCbCr) and with different
values of k(k = 1,2, 3). Of the 72 possible combinations,
only nine satisfied their performance requirements, from
which they chose segmentation in the CIE Lab plane, using
the EM-LDC algorithm with k = 3 with a sensitivity and
specificity of 97.940.7 and 98.910.7, respectively. The next
step is the alignment of the RGB and thermal image. To do
this, they selected a quantitative criterion based on the obser-
vation that statistics of the temperatures in a region inside
the foot differ when compared with a region outside of the
foot. Finally, to perform the asymmetric analysis, a landmark-
based deformation model with B-splines was implemented.
In [41], it is mentioned that segmenting the feet directly
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FIGURE 1. Components of the acquisition system: an examination bed,
an obstructive IR device and the infrared camera.

from the thermogram is more complex than hands and shins
because the feet are typically colder, and the temperature
difference between the feet and the background can be very
small, making several segmentation processes ineffective. For
this reason, they also used the RGB image to segment the
feet by a thresholding method. The registration process was
performed using the inbuilt MATLAB function imregister()
with a maximum number of iteration of 300. This function
performed an intensity-based image registration. Recently,
in 2019, Verma et al. [47] carried out a comparison between
different segmentation techniques, presenting the advantages
and disadvantages of each of these methods: thresholding
methods (global and multiple threshold), edge based methods
(Sobel, Canny and Roberts operators), region based methods
(region growing and region splitting and merging), water-
shed, and clustering based methods (hard and soft clustering).
Table 1 summarizes the different methods proposed for seg-
mentation and registration of plantar thermograms.

Ill. PLANTAR THERMOGRAM ACQUISITION PROTOCOL
Currently, the database is composed of 167 plantar thermo-
grams, which were obtained from 122 diabetic subjects and
45 non-diabetic subjects. The subjects were recruited from
the General Hospital of the North, the General Hospital of
the South, the BIOCARE clinic and the National Institute of
Astrophysics, Optics and Electronics (INAOE) over a period
of 3 years (from 2012 to 2014). All of these places are located
in the city of Puebla, Mexico. The participants were informed
about the tests and voluntarily agreed to participate in the
study. In order to obtain accurate and useful thermograms
for clinical practice, the recommendations of the International
Academy of Clinical Thermology were followed [54].

A. ACQUISITION SYSTEM

The system consists of three main components: an examina-
tion bed, an obstructive IR device and the infrared camera
(Fig. 1). The first component is an examination bed used to
keep the subject in supine position during the acclimatiza-
tion period (see Section III-B). The second component is an
obstructive IR device to isolate the plantar temperature. The
device was placed in the malleolus area to avoid the radiation
emitted from the rest of the body. Several modifications were
made to the obstructive IR device to get a better contrast
between the plantar region and the background. The final
device is a metal plate with two holes to place the feet. A piece
of black cloth is dropped on the plate to avoid any temperature
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TABLE 1. Segmentation and registration methods proposed for plantar thermograms.

Author Year Study Group Segmentation Methods Image Registration

Kaabouch 2009- Over 100 thermal images [26], [27] Otsu method, Ridler technique [31], Ka-  Geometric Transformation: transla-
et al. 2011 pur et al. [32], Tsai et al. [33], Genetic tion and rotation based on two fea-
[24]-[27] algorithms-based thresholding technique ture points

Kaabouch 2012
etal. [23]

Liu et al. 2013
[28]

Chekh et  2013-
al.  [29], 2014
[34]

van Netten 2014
et al. [35]

Vilcahuaman 2014-
et al. [37], 2015
[38]

Vilcahuaman 2015
et al. [39]

Liu et al. 2015
[40]

Hernandez 2015-
et al. 2019
[171-[22]

Nandagopan 2016
et al. [30]

Gaucci et 2016
al. [41]

Fraiwan et 2017
al. [42]

Sudhaetal. 2017
[43]

Etehadtavakol 2017
et al. [45]

Bougrine 2017
et al. [46]

Sudhaetal. 2018
[44]

Verma et 2019
al. [47]

80 images of healthy feet
60 with visible thermal abnormalities

A case study

40 subjects

54 diabetic patients

85 diabetic subjects [38]
82 diabetic subjects [37]

2 subjects

37 diabetic subjects

24 non-diabetic and 20 DM subjects [20]
30 non-diabetic and 30 DM subjects [17]
40 non-diabetic and 100 DM subjects [19].
35 non-diabetic and 100 DM subjects [18]
35 non-diabetic and 111 DM subjects [22]

10 normal foot thermal images
10 diabetic foot thermal images

11 test images

36 thermal images

59 thermographic images

50 plantar foot thermal images

62 thermal images of diabetic subjects
20 thermal images of healthy subjects

30 diabetic subjects

Genetic algorithms-based thresholding tech-
nique

Active contours without edges

Continuous max-flow method [34]

Active contours without edges [36]

Chan and Vese active contour algorithm

Fuzzy clustering and growing seeds

K-means clustering and expextation-
maximization (EM) clustering on six color
representations: RGB, normalized RGB
(rgb), RGB-ratio, HSV, CIE L*a*b*, and
YCbCr

Histogram shape-based thresholding method

Edge Detection and watershed technique

Thresholding method in RGB image

Otsu method

Otsu thresholding followed by morphologi-
cal operations

Snake algorithm [52]

Snake Atlas-based method

Otsu thresholding followed by morphologi-
cal operations for healthy foot and ACWE
method for diabetic patients

Thresholding (global and multiple), Edge
based methods (Sobel, Canny and Roberts),
region based methods (region growing and
region merging and splitting), wathershed,
clustering (K-means)

Scalable scanning technique

B-spline grid, non-rigid point-based
registration (Klein et. al [53])
Semi-automatic approach based on

cross-correlation [29] Model based
on mutual information [34]

Iterative closest point method

Iterative closest point method

Landmark  based deformation
model with B-splines
Landmark based deformation

model with B-splines

Intensity-based image registration

Intensity-based registration

Intensity-based registration

Intensity-based image registration
with imregister function of MAT-
LAB Software
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FIGURE 2. Final obstructive IR device.

TABLE 2. Demographic Information of both groups.

Control Group DM Group
Volunteers 45 122
Female 16 89
Male 29 33
Age(years) 27.76 + 8.09 55.98 + 10.57

outside the plantar region. Thus, a uniform background is
obtained in the color image for a better segmentation (Fig. 2).

Finally, the third component is the infrared camera. Two
different infrared cameras were used for thermogram acquisi-
tion (FLIR E60 and FLIR E6). During the thermogram acqui-
sition, the position of the camera is fixed by an adjustable
vertical tripod to avoid any undesirable movement. The tripod
is placed one meter away from the feet.

B. SUBJECT PREPARATION
Before the acquisition process, all patients were informed of
the study to obtain their verbal consent to participate. Also,
all patients were asked if they had prolonged sun exposure or
if they perform any intense physical activity. If any of these
answers were affirmative, they were re-scheduled for another
day to conduct the study.

The preparation of the subjects was done in a room with
a temperature of 20 = 1 °C. The participants were asked
to remove their shoes and socks and clean their feet with a
damp towel. After that, the subjects were invited to maintain
a supine position for 15 minutes in order to reach a state
of thermodynamic equilibrium and to improve the accuracy
of temperature variation detection [55]. During resting time,
the feet remained uncovered and the patients had to avoid any
type of effort that could affect blood pressure, and as a result,
affect the plantar temperature. This is the reason why no type
of device was used to maintain the correct position of the feet.

C. SUBJECT INFORMATION

During the acclimatization period, personal information
about the patient was taken, such as name, age, gender, height
and weight. Table 2 summarizes the data collected.

D. THERMOGRAM PROCESSING
For each plantar thermogram, the left and right foot were
extracted, and each was taken as a separate thermogram,
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obtaining a database of 334 individual thermograms. As men-
tioned previously, if any device is placed to maintain the
feet in vertical position, the blood pressure can be affected,
and therefore, the temperature will also be affected. for this
reason, after segmenting the feet, the posture was digitally
corrected.

Figure 3 shows some examples of the segmentation per-
formed in plantar thermograms with different methods: Otsu
thresholding, Chan and Vese method and canny detector.
As mentioned in Section II, if there is a significant differ-
ence between the temperature of the plantar region and the
background, most of the segmentation techniques present an
effective performance (Figs. 3a-d). However, there may be
cases in which the plantar temperature is almost the same as
the background temperature (Figs. 3e and 1), which is why the
segmentation techniques are ineffective (Fig. 3f-i). This is the
reason why the segmentation directly on the thermogram has
been a problem addressed in different works. Figure 4 shows
the segmentation performed on the RGB image under dif-
ferent segmentation techniques: expectation-maximization
algorithm, k-means and canny detector. Using the device
mentioned in Section III-A, the piece of black cloth over the
device allows us not only to create a contrast between the
plantar region and the background, but also to cover the ankle
and part of the foot without creating unnecessary pressure.
It can be seen that the best results are obtained by the canny
edge detector.

Once the plantar region is isolated, the plantar thermo-
grams are split into two images, one for each foot, and after
that, the foot posture is corrected. Figure 5 shows the compar-
ison between the method used in a previous work [22] (blue
line) and Hotelling transform (green line). The first one is
based on two reference points: the tip of the innermost toe,
and the center of the calcaneal base. The angle between the
line connecting the two points and a vertical line is calculated
and the foot is rotated until reaching an internal angle of 85°.
It can be seen that the difference between the two methods is
minimal (blue and green line). The disadvantage of the first
method occurs mainly when locating the two points because
if there was no precise segmentation, the points could not be
located properly. Several modifications of the device were
made until reaching the final device, where an improvement
in the segmentation of low contrast thermograms can be
observed. All thermograms were checked after the automatic
process of segmentation and posture correction. If the result
was not satisfactory, the thermograms were manually fixed
for the database.

E. ANGIOSOMES EXTRACTION

Several works have presented a thermal plantar analysis based
on the measurement of specific points. If we take into account
the temperature from the entire plantar region, it is possible to
perform a complete analysis of its general state. However, it is
important to consider a regional division of the foot since it
does not have a uniform temperature [56], [57]. As reported
in [5], an angiosome is a unit composed of tissues supplied
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FIGURE 3. Comparison between different segmentation methods on thermogram. (a,e,i) original thermograms,
(b.f,j) Otsu thresholding methods, (c,g k) Chan and Vese method, and (d,h,l) canny detector.

(d)

FIGURE 4. Comparison between different segmentation methods on RGB image. (a) Thermogram, (b) original RGB image,
(c) expectation-maximization algorithm, (d) k-means, and (e) canny detector.

/‘_””\

(a) (b) (© (@)

FIGURE 5. Comparison between two rotation methods. The red line is the
original edge, the blue line is the rotation method proposed in [22], and
the green line is the rotation by the Hotelling transform.

by a single artery, and therefore, provides valuable informa-
tion that relates temperature to arterial damage. The foot is
divided into four angiosomes: Medial Plantar Artery (MPA),
lateral plantar artery (LPA), medial calcaneal artery (MCA)
and lateral calcaneal artery (LCA) (Fig. 6). After the foot
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position is corrected, angiosome division is carried out by an
automatic process. To do this, a proportional segmentation
was performed, as presented in a previous work [19]. Two
reference points are taken to calculate the height of the foot
(H): Point A is located at the tip of the innermost toe, and
Point B is located at the center of the calcaneal base. The
width of the foot (W) is calculated by identifying two addi-
tional points C and D, which correspond to the largest part of
the foot. Once the dimensions are known, the angiosomes are
extracted through a proportional division of the foot, as shown
in Fig. 6. Therefore, four sub-images are created, one for each
angiosome.

IV. PLANTAR THERMOGRAM DATABASE

The database contains 334 foot thermograms, each one
assigned with a unique nomenclature. The first letters
represent the subject group (CG: control group and DM:
diabetic group) followed by three digits to number the ther-
mograms. After that, the gender of the subject (M: male
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FIGURE 6. Proportional foot division into plantar angiosomes.

TABLE 3. Mean temperature values per angiosome for the control group
established in [19].

Angiosome T s
MPA 258 14
LPA 257 13
MCA 264 13
LCA 26.1 14

and F: female) is specified, and finally, the last letter indi-
cates whether the thermogram corresponds to the left (L) or
right (R) foot: Subject Group_three digits_gender_foot. For
example, the image DMOOI_F_L.png belongs to the left
foot thermogram of a woman in the diabetic group. RGB
thermograms are only illustrative since these do not contain
direct temperature information. That is why each thermogram
includes a temperature file with a .csv extension with the
same nomenclature (DM0OI_F_L.csv). In the temperature
file, the plantar region is isolated as in the thermogram and
contains the temperature of each pixel. For each thermogram,
four images are included with the respective temperature file
of each of the plantar angiosomes. The same nomenclature is
used with the inclusion of three letters at the end, indicating
the angiosome (DMO00I_F_L_MPA.png). The thermograms
were manually corrected in case the segmentation or rotation
were not adequate. In total, the database contains 1670 RGB
images: 334 foot images and 1336 angiosome images (four
per foot), and the same number of csv files. Figure 7 shows
some examples of the plantar thermograms.

Tables 4 and 5 show the general temperature of the foot
and the regional temperature divided by each angiosome of
the foot. Also, the thermal change index (TCI) was calculated
with the reference values established in [19] (Table 3). All
values were calculated with the .csv files of the database.
The TCI is based on the temperature dispersion in relation to
the reference and takes into account not only the temperature
difference between regions but also the temperature interval
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(9] M (m) (m) (0)

FIGURE 7. Examples of the plantar thermograms with their respective
plantar angiosomes. (a,f,k) Foot, (b,gI) MCA angiosome, (c,h,m) LPA
angiosome, (d,i,n) LCA angiosome, and (e,j,0) MPA angiosome.

of the control group. The TCI value is based on the mean dif-
ferences between corresponding angiosomes from a diabetic
subject and the reference values from Table 3 [19]. The index
is calculated by:

Z |Cang - DMangl
4

TCI =

ey

V. CONCLUSION

In this work, the design of a plantar thermogram database
is presented. The database is composed of 334 individual
thermograms from 122 diabetic subjects and 45 non-diabetic
subjects. Each thermogram includes four extra images cor-
responding to the plantar angiosomes, and each image is
accompanied by its temperature file. The angiosome extrac-
tion allows analyzing the temperature of these regions and
can be used to identify possible changes in the angiosome
blood supply that can indicate risk of ulceration. The database
will allow researchers of this area to evaluate the potential
contribution of the IRT for early detection of diabetic foot
complications. In addition, the document presents some of
the techniques of segmentation, registration and correction
of feet posture presented in previous works, emphasizing
the differences and problems that have not been resolved
yet.
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TABLE 4. Data Analysis of DM group.

Subject  Gender Right Foot Left Foot

General LCA LPA MCA MPA TCI  General LCA LPA MCA MPA TCI
DMO001 M 3247 32.08 32.70 3236 32.79 648 32.09 31.53 3239 31.81 3239 6.03
DMO002 M 26.99 26.54 2695 2684 2738 0.93 26.33 2639 2593 2675 2645 0.38
DMO003 F 28.04 28.22 2757 29.06 2770 2.14 27.19 2696 2696 2790 2738 1.30
DMO004 M 32.32 31.67 3254 3186 32.61 6.17 30.71 29.78 3096 31.04 30.72 4.62
DMO005 M 24.48 24.19 2448 2426 2452 1.64 25.36 2440 2572 2488 2557 0.87
DMO006 F 33.04 32.54 3342 3236 3322 6.88 33.61 33.38  33.82 3343 33.66 7.57
DMO007 F 29.09 28.34 29.47 2827 2979 297 27.53 27.06 2741 27.60 27.92 1.50
DMO008 M 31.60 30.21 3237  30.65 31.62 521 30.07 29.22  30.54 2932 3056 3091
DMO009 F 29.73 29.03 30.06 29.38 2991 3.59 30.08 29.38  30.30 30.00 30.55 4.06
DMO010 M 34.70 34.16 3501 3432 3478 8.57 34.31 3376 34.58 33.82 3455 8.18
DMO11 F 31.69 31.06 32.03 3141 31.74 556 31.86 31.53  32.09 3159 32,14 584
DMO012 F 32.08 31.38 3248 31.52 3190 5.82 32.81 32.63 3285 3292 3230 6.68
DMO013 F 28.06 28.80 27.32  29.01 27.20 2.08 27.47 27.52 2694 2751 28.12 1.52
DMO014 F 32.39 3231 3238 3242 3278 647 31.70 31.06 32.02 31.14 32,17 5.60
DMO015 M 33.90 3354 3426 3331 33.61 7.68 33.71 33.14 3392 3343 3421 7.68
DMO16 F 32.78 32,51 3293 33.00 3239 6.71 33.05 3298 33.15 3327 3310 7.12
DMO017 F 31.05 2991 31.87 29.77 32.11 491 30.71 2891 31.79 29.04 3190 441
DMO018 M 29.70 29.44  29.77 29.37 3041 3.5 26.77 26.86 26.58 2673 27.63 095
DMO019 F 31.09 30.30 3170 2995 31.71 4091 31.69 31.14 32,18 30.61 3224 554
DMO020 F 29.89 30.17 29.54 3040 30.04 4.04 29.95 30.19  29.78 29.68 30.13 3.95
DMO021 F 31.08 30.71  31.22  30.88 30.80 4.90 29.76 29.87 2948 2991 29.88 3.79
DMO022 F 30.72 29.13 31.67 29.04 31.09 423 30.70 29.67 31.21 29.80 31.14 4.46
DMO023 F 29.13 26.87 3040 2754 30.19 2.5 30.46 28.64 3141 2930 3136 4.18
DMO024 M 28.72 27.55 2941 2786 2899 245 32.43 31.10 3320 31.38 3281 6.12
DMO025 M 32.07 30.87 32.89 3094 3254 5381 32.10 30.53 3297 3101 33.03 5.89
DMO026 M 32.35 31.85 32.62 32.13 33.00 6.40 32.34 32.54 3229 3252 3222  6.39
DMO027 M 32.45 31.81 3295 31.89 3249 6.28 31.91 31.44 3235 3122 3222 581
DMO028 M 25.26 2476  25.19 25.11 2571 0.81 24.19 2415 24.05 24.14 2443 181
DMO029 F 27.86 27.38 2793 27.81 2821 1.83 29.08 28.79 2893 29.77 29.61 3.27
DMO030 F 28.42 27.74 28.62 28.03 29.53 248 28.25 27.87 2820 2842 2878 232
DMO031 F 30.53 30.82  30.11 3134 29.75 4.50 31.74 30.88 3227 3149 31.08 543
DMO032 M 32.31 30.01 33.87 29.82 34.14 596 31.13 2946  32.15 29.33 3251 4.86
DMO033 M 25.07 25.09 2470 2462 2543 1.04 23.93 2320 2396 2347 2528 202
DMO034 F 30.85 2942 3142 2998 31.50 4.58 31.42 30.21 31.85 30.68 32.11 521
DMO035 F 28.98 28.50 29.02 2924 2997 3.18 30.44 29.39  31.08 29.27 31.79 4.38
DMO036 M 32.37 31.10 33.03 31.69 3331 6.28 31.83 3049 3275 3033 3259 554
DMO037 F 24.60 2444 2447 2456 2486 1.42 24.07 2445 2370 2461 24.04 1.80
DMO038 F 30.04 2879 30.75 29.04 31.01 3.90 30.33 29.04 3096 2935 31.09 4.11
DMO039 M 31.16 30.63 3145 3084 31.10 5.00 30.92 30.59 31.10 30.84 30.87 4.85
DMO040 F 32.53 31.78 32.85 3225 3287 644 32.18 31.94 3224 3221 3225 6.16
DMO041 M 31.24 30.18 31.76 30.63 3196 5.13 31.71 30.69 32.17 31.04 3224 554
DMO042 F 31.15 30.84 31.21 30.89 31.50 5.11 31.09 31.15 3091 31.15 3139 5.15
DMO043 M 29.89 29.00 30.27 2894 30.58 3.70 31.13 29.92  31.69 30.00 32.14 494
DMO044 F 25.95 2639 25.63 2651 2551 0.19 26.57 26.19 2659 2634 2732 0.64
DMO045 F 30.50 30.06 30.81 30.05 30.60 4.38 30.02 29.56 30.25 29.81 30.11 3.93
DMO046 M 31.89 31.05 3236 3132 3238 5.78 29.75 29.65 29.64 29.87 30.19 3.84
DMO047 F 33.55 33.37 3376 3339 3381 7.58 32.66 32.02 3298 3224 3341 6.66
DMO0438 F 30.71 30.51 30.55 3083 3140 4382 30.84 30.18 3094 30.64 3133 4.77
DMO049 F 28.02 27.16 2847 2730 2845 1.85 27.18 2632 2747 2701 2775 1.14
DMO050 F 32.17 3221 32,10 3235 3244 6.27 32.09 3233 31.83 3251 3240 6.27
DMO051 F 28.49 2848 2834 2852 29.01 259 29.05 28.80 29.12 28.80 29.54 3.06
DMO052 F 28.64 2697 2944 2753 29.54 237 28.56 26.77 29.38 2747 29.52 2.29
DMO053 M 27.16 27.50 2685 2725 2679 1.10 25.99 25.83 2593 26.16 2577 0.19
DMO054 F 28.84 28.35 2922 28.17 2892 2.66 28.85 28.25 2923 2845 2892 271
DMO055 F 31.46 31.23  31.81 30.64 32.00 542 31.60 31.22 3192 3095 3198 552
DMO056 F 28.71 2770 29.17 2778 29.66 2.58 27.40 2570 28.16 25.87 29.07 1.66
DMO057 F 27.28 27.07 27.13 2742 2782 1.36 32.38 32.06 32.63 32.07 3244 6.30
DMO058 F 24.03 2397 2391 2420 2403 197 25.86 26.64 2535 26.82 2534 044
DMO059 F 32.68 3244 3292 3229 3285 6.63 32.66 31.94 3298 3247 3287 6.57
DMO060 F 32.12 3195 32.16 3240 31.80 6.08 32.00 31.15 3257 3123 3223 579
DMO061 F 26.11 26.53 25.60 26.86 2563 0.29 25.87 26.71 25.09 27.01 2505 0.65
DMO062 M 28.29 27.56 2855 2793 2856 2.15 28.24 28.54 27.80 29.31 28.10 244
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Subject  Gender Right Foot Left Foot

General LCA LPA MCA MPA TCI  General LCA LPA MCA MPA TCI
DMO063 F 32.08 31.85 3213 3225 31.57 595 32.15 31.14 3259 3143 3274 597
DMO064 M 34.54 3278 3561 32776 3536 8.13 33.73 32.53 3443 3270 34.06 7.43
DMO065 F 21.52 22.18 20.84 2247 21.18 433 20.42 20.90 19.78 21.26 20.27 545
DMO066 F 26.91 26.88 26.73 2694 27.18 093 26.99 26.80 2691 27.01 27.01 093
DMO067 F 29.09 27.15 30.01 27.64 3045 2381 27.74 2641 2826 26.83 2887 1.59
DMO068 F 34.87 34.16 3549 3360 3523 8.62 35.28 35.17 3556 3460 3558 9.23
DMO069 F 30.86 30.50 30.99 3093 3093 4.84 29.98 29.73 2997 30.10 30.21 4.00
DMO070 F 29.99 29.23 3035 2946 3040 3.86 29.99 29.37 30.23 29.88 3032 395
DMO071 F 26.98 27.63 2629 27.89 2697 1.20 27.14 27.81 2647 27.89 27.10 1.32
DMO072 F 29.31 2775 2992 2884 30.02 3.13 29.34 28.08 30.05 2853 29.74 3.10
DMO073 F 29.63 2946 2943 2994 3020 3.75 29.65 29.26  29.48 30.01 3040 3.79
DMO074 F 30.70 29.38 3145 29.32  31.08 431 30.90 29.84 3146 3025 30.80 4.59
DMO075 F 30.76 2871 3194 29.01 3221 447 31.37 29.80 3229 29.84 32.63 5.14
DMO076 M 33.57 3320 33.88 3292 3373 743 33.71 33,55 33.85 3344 3378 7.66
DMO077 F 33.05 32,62 3341 3245 3335 6.96 32.93 32.80 3320 3228 33.06 6.84
DMO078 F 31.59 31.21  31.71 3218 31.61 5.68 29.47 29.39  29.67 2944 2981 3.58
DMO079 M 26.45 27.16 2564 27.84 2595 0.68 26.10 26.77 2537 2740 2530 0.63
DMO080 F 29.00 27.82 29.56 28.17 30.08 291 28.07 27.56 28.13 27.80 28.62 2.03
DMO081 F 27.95 2799 2752 28.78 28.05 2.08 28.15 28.26 2775 28.74 2834 227
DMO082 F 33.99 32.86 34.18 3370 35.19 7.98 34.06 3241 34.65 33.04 3515 781
DMO083 M 30.73 29.23  31.57 2939 3192 453 28.90 27.42  29.77 28.01 29.65 2.71
DMO084 F 29.73 28.81 2998 2949 30.60 3.72 29.75 28.50 30.06 29.04 3146 3.77
DMO085 F 22.59 23.61 21.75 2350 22.07 3.27 22.54 23.85 21.54 2356 2197 3.27
DMO086 F 28.98 28.67 2923 2852 29.14 2.89 29.06 28.51 2929 28.72 2945 299
DMO087 F 30.03 27.85 30.89 29.10 3148 3.83 28.90 28.33 2898 29.03 29.17 2.88
DMO088 M 32.85 32.60 33.07 32.62 32.84 6.78 31.82 31.25 3244 3076 31.80 5.56
DMO089 F 31.65 29.25 3279 2936 3373 5.28 31.28 29.09 3224 28.83 33.14 4382
DMO090 F 25.68 2593 2531 2631 2536 0.27 25.31 26.27 2455 2656 2483 0.61
DMO091 M 33.79 3338 34.02 3327 3401 17.67 33.92 33.56 3434 3270 3417 7.69
DM092 F 35.60 3532 3591 35.13 3554 947 35.56 3481 3593 3496 36.06 9.44
DMO093 F 34.63 3429 3471 3472 3487 8.64 35.06 3468 3532 3463 3535 899
DM09%4 F 25.67 2624 2511 26.64 2528 0.37 26.44 26.60 2589 2759 27.14 0.80
DMO095 F 26.99 2632 2727 2686 2746 098 25.66 2426 2638 2473 2660 1.25
DMO096 M 25.21 22.69 26.64 23.14 2674 2.14 26.67 25.06 2737 2630 27.06 1.02
DMO097 F 31.44 31.69 3146 3140 3125 545 31.20 31.22  31.16 3134 31.10 5.20
DMO098 M 30.14 29.29 30.69 2898 31.15 4.03 28.78 28.44 2880 2849 2925 274
DMO099 F 28.85 29.51 2837 2952 2852 298 27.00 27.64 26.13 2826 26.66 1.17
DM100 F 30.76 30.57 30.82 30.55 30.85 4.70 30.55 30.36  30.69 30.12 30.87 4.51
DMI101 F 25.13 25.07 2491 2548 2499 0.89 24.84 2543 2405 2640 2446 092
DM102 F 28.10 28.07 2798 28.07 2854 2.16 28.52 2842 2846 2842 2956 271
DM103 F 29.82 31.15 28.64 3197 28.66 4.10 29.76 30.76  28.74 31.57 29.24 4.08
DM104 F 28.34 28.10 2797 28.92 28.66 241 29.75 28.83 29.77 30.01 30.29 3.73
DMI105 F 24.30 2452 23.62 2533 2460 1.438 24.61 2450 2437 2459 2471 145
DM106 F 30.44 29.28 30.87 29.69 3156 4.35 30.40 29.12 3093 29.57 3146 4.27
DM107 M 29.53 28.85 29.82 29.07 2936 3.28 27.88 2729 28.00 2773 2772 1.69
DM108 F 29.02 28.88 2890 29.12 29.07 3.00 28.54 2724  29.15 2759 29.68 241
DM109 F 33.36 32.87 3353 33.17 3395 738 32.76 32,51 3291 3255 3336 6.83
DMI110 F 23.80 2484 2267 2531 2296 2.06 26.56 27.00 2585 2746 2641 0.68
DMI111 F 27.89 29.71 2627 30.56 2648 2.25 27.30 29.47 25,57 30.00 25.89 1.80
DMI112 M 25.14 26.06 24.05 2634 2486 0.67 25.36 2541 24.65 2630 25.13 0.63
DMI113 F 27.43 26.89 2731 2771 2780 143 26.40 2747 2537 2777 2594 0.80
DM114 F 28.81 2946 2799 2996 28.27 292 29.28 29.73 28.56 30.25 28.89 3.36
DMI115 F 30.15 29.76  30.29 2990 31.82 4.44 30.47 29.03 31.26 28.64 3206 4.25
DMI116 F 32.31 31.82 32,65 31.81 3232 6.15 32.06 31.56 3234 31.65 3231 596
DM117 F 25.42 25.56 25.04 25774 2534 0.58 24.57 2395 24.18 2483 2509 1.49
DM118 M 31.25 30.32  31.72 3048 32,56 5.27 32.27 31.07 3298 3121 3392 6.29
DMI119 F 33.02 3291 33.19 3232 3343 6.96 33.69 33.65 33.64 3369 3373 7.68
DM120 F 32.73 3199 33.10 3257 3344 6.77 32.28 31.07 33.00 3097 3334 6.09
DMI21 F 33.47 33.60 33.81 3277 33.60 7.44 33.13 32.15 33.81 3254 3349 7.00
DM122 F 26.18 2555 26.19 26.00 2734 0.74 25.82 2598 2548 26.10 2654 0.34
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TABLE 5. Data analysis of control group.

Subject  Gender Right Foot Left Foot
General LCA LPA MCA  MPA TCI General LCA LPA MCA MPA TCI
CGO001 M 2591 26.02 2543 2631 2584 0.12 25.45 25.87 2536 26.08 2483 046
CG002 M 28.01 27.63 2777 28.09 28.40 1.97 28.08 27.73 2839 2852 2771  2.09
CGO003 M 29.59 30.08 29.12  30.21 29.74 3.79 29.45 30.13  29.05 30.17 2893 3.57
CG004 F 27.82 27.80 2731 28.76  27.28 1.79 27.16 2694 26.15 29.16 2648 1.18
CGO005 F 26.22 2635 25.65 26.80 26.25 0.29 26.75 26.80 2689 2739 26.16 0.81
CG006 F 26.53 2732 2579 27776  26.27 0.78 26.88 27.53 26,57 2792 26.11 1.03
CGO007 F 26.12 2593 2569 26.62 2624 0.21 26.43 2649 2694 26.06 26.10 0.57
CGO008 F 24.39 23.17 2472 2351 25.08 1.88 24.67 2405 2438 2354 2498 1.76
CGO009 M 24.71 2378 2432 2487 2551 1.38 24.97 2421 2571 2496 2454 1.15
CGO010 M 26.98 2729 2637 28.14 26.85 1.17 26.80 26.74  26.67 2751 2642 0.83
CGO11 F 26.26 25.87 26.18 2620 2641 0.38 26.00 2589 26.01 26.16 2570 0.22
CGO012 F 27.97 29.02  27.18 29.04 27.65 2.22 27.61 28.54 27776 2944 2655 207
CGO013 M 26.30 2642 2578 2671 2645 0.34 26.77 2727 2624 2732 26.14 0.74
CG014 M 28.50 2772  28.77 28.08 29.42 2.50 28.45 2797 29.00 2827 2853 244
CGO15 M 29.10 28.87 2921 2895 2941 3.11 28.84 29.04 28.85 29.17 28.64 292
CGO16 M 27.02 2720 2671 27.72  26.71 1.09 27.72 2752 2794 2797 2758 175
CGO017 F 24.10 2426 2372 2423 2411 1.92 23.99 2377 2393 2411 2377 2.11
CGO18 M 26.95 26.38 26.84 26.77 27.78 0.94 27.23 2647 27771 2712  27.06 1.09
CGO019 F 26.53 2581 26,58 2641 27.24 0.66 25.90 26.06 2572 26.60 2530 0.19
CG020 F 23.58 2376  23.12  24.10 23.31 243 23.55 23.84 23.04 24.14 23.04 248
CG021 M 25.20 2549 2460 2620 24.68 0.76 25.52 25.17 2587 25.65 2520 0.61
CG022 M 24.57 25.13 23,53 2644 24.04 1.23 24.96 25770  25.02  26.12 24.17 0.75
CG023 F 24.24 2456 23.62 25.67 2335 1.70 24.88 25.08 2462 2571 2450 1.02
CG024 F 26.51 2724 2584 2790 2577 0.70 26.20 2643 2525 2772 2558 0.58
CG025 M 27.62 27.63 27.30 27.66 27.58 1.54 27.66 27.17 2795 2750 27.60 1.55
CG026 M 27.64 27.52 2739 28.06 27.86 1.71 27.63 27.27 28.04 27.68 2751 1.63
CG027 M 26.26 2578 2629 2596 26.41 0.49 26.75 2587 2738 26.02 2694 0.86
CGO028 M 26.48 26.61 25.84 2735 2642 0.55 26.10 26.21  26.11 26.83 2545 0.32
CG029 F 26.13 26.12  26.02 2625 25.76 0.13 25.52 25.84 2527 2589 25.14 046
CG030 M 26.58 26.82 26.17 27.36 26.12 0.62 26.61 26.79 2628 27.51 2621 0.70
CGO031 M 27.64 27.57 2756 2753 27.73 1.60 27.38 2722 2737 2743 2729 133
CG032 M 26.99 26.50 2693 2691 2733 0.92 27.01 26.08 27.58 2695 2699 0091
CGO033 M 28.60 28.88 28.06 29.35 2831 2.65 28.62 28.38 28.69 2949 28.14 2.68
CGO034 M 28.13 26.75 2852 2743 29.12 1.95 28.06 2642 2922 2739 2834 1.85
CGO035 M 27.15 2622 2722 2688 27.20 0.88 27.63 26.33  28.11 2699 2792 134
CG036 M 26.76 2692 2627 2739  26.37 0.74 25.86 2626 2521 2660 2530 0.34
CGO037 M 28.84 28.24 29.04 28.33 29.13 2.69 28.67 28.51 2891 28.60 28.63 2.66
CGO038 M 26.64 2642 2650 2639 26.38 0.43 26.09 2551 2596 26.06 2596 0.34
CG039 M 29.61 28.88 2996 28.84 30.54 3.56 29.12 2797 29.79 28.17 29.66 290
CG040 M 28.74 2832 2846 29.09 29.20 2.77 28.97 28.75 2922 29.10 2873 295
CG041 F 27.11 27.15 2694 2695 27.06 1.03 27.61 27.64 2721 2745 2748 144
CG042 F 25.66 2545 2534 2620 25.80 0.30 25.73 25.15 2572 2589 2580 0.37
CG043 M 24.87 26.03 2378 26.72 24.16 0.99 24.47 25.59 2390 26.14 2348 1.22
CG044 F 22.39 23.12  21.63 23.63 21.53 3.52 22.03 22.81 21.27 23.13 2135 3.86
CG045 M 29.04 28.12 2929 2856  29.85 2.96 28.52 27.82 2897 28.19 28.63 240
APPENDIX [3] H. Peregrina-Barreto, L. A. Morales-Hernandez, J. J. Rangel-Magdaleno,
See Tables 4 and 5. J. G. Avina-Cervantes, J. M. Ramirez-Cortes, and R. Morales-Caporal,
“Quantitative estimation of temperature variations in plantar angiosomes:
A study case for diabetic foot,” Comput. Math. Methods Med., vol. 2014,
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