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Abstract This paper is intended to provide studies per-
formed on usefulness of thermal imaging for the insuffi-
ciency of superficial veins in the lower limbs. The results
are a continuation of the previous research and show a new
way of analysis and better correlation between standard
methods of parameters like duplex ultrasonography and
parameters derived from thermal imaging. In particular
promised seems to be using the mean whole limb tem-
perature of healthy volunteers at a proper age as a threshold
to count the isotherm area, and in isotherm analysis should
be taken for the whole lower limb—the sum of thermal
images from anterior and posterior views (Method II). The
study was performed by the use of a Thermovision E60
camera by Flir Systems. All studies (duplex ultrasonogra-
phy as well as thermal imaging) were performed in a
research room with a stabilized temperature on two groups
of patients, a group of healthy people and patients suffering
from chronic venous disease. During the study, the corre-
lation parameters were obtained with ultrasound and
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thermal parameters. The results showed that temperature
changes observed in the lower extremities of the thermal
skin map are associated with a healthy state of blood
supply which might be connected with blood stasis,
inflammatory states and swelling that occurs in the soft
tissues. We found the mean and higher correlations
between thermal and ultrasound parameters, for example, a
good positive correlation (r = 0.63) between the thermal
range to the total limb length radio and the range of reflux
was obtained. The correlation between thermal imaging
parameters and duplex ultrasound parameters may show
that thermovision is an extremely promising method, and it
can be useful in the screening of diagnosis of superficial
vein insufficiency.

Keywords Thermovision diagnostics - Temperature -
Primary chronic venous disease - Duplex ultrasonography

Introduction

Chronic venous disease (CVD) is one of the most common
diseases in the world. The disease is manifested, for
example, by varicose veins, skin lesions and a more
advanced form, including active venous ulcers. It is
reported that even up to 50% of the population on earth
may suffer from CVD [1, 2]. It happens that CVD is
considered by patients as only a cosmetic defect, although
it causes pain, discomfort and a decreased quality of life
[3, 4]. Therefore, this disease is both a medical and a social
problem. Consequently, it is imperative to find a quick and
noninvasive imaging method that can be useful in early
diagnosis of in the problems related to the lower veins.
The standard technique used in diagnostic purposes for
venous insufficiency is Duplex Ultrasound. In some cases,
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this method does not show the pathology of the venous
system at the early stages of the disease, especially when
the disease is associated with disorders relating to micro-
circulation. This is the limitation of ultrasound imaging.
However, it is possible to use thermal imaging in diagnosis
for pathological changes in the venous system in connec-
tion to the changes in that the temperature distribution is
strictly connected with areas related to blood vessels tracts.
We conclude that thermal imaging can explain local blood
flow changes in the blood vessels, especially in the
superficial layers of skin [5—-11]. Such blood supply chan-
ges are connected with superficial lower extremities
metabolism changes in tissue which may lead to the use of
thermal imaging as a diagnostic tool in the early stages of
chronic venous diseases [7, 12-14].

As mentioned, changes in blood flow located in the
superficial layers of skin causes changes in skin tempera-
ture. These changes can be detected using thermography
[8, 13, 15-18].

There are several factors that can lead to diseases of the
venous system in the lower extremities. The most impor-
tant is the vein hypertension [19, 20]. In most cases, venous
hypertension results from the obstruction to venous flow,
the dysfunction of venous valves, and/or failure of the
“venous pump” [4, 19-26]. All of these factors cause
pathology in the venous system which can be observed by
the thermal imaging, because it is related to the change in
temperature gradient of surface tissues [5, 7-9].

Nowadays, thermovision is used in many areas of
medicine where a temperature map of the skin surface can
give significant diagnostic information. Some examples of
the branches of medicine that use thermal imaging are:
dermatology, for foot ulcerations among patients with
diabetes mellitus, breast thermography, and studies of
inflammatory states and lower back pain diseases
[5-17, 27, 28].

Another important aspect is the size of the pathologi-
cally changed soft tissue, which can be determined by
thermal imaging. Thermal images show 3-5 times bigger
areas characterized with a changed temperature gradient
which can be easily seen by a physician [29-32]. This is
related to the metabolism of the patient and with a high
sensitivity infrared camera. As a result, the thermal method
can be applied in the diagnosis of the skin, veins or dis-
eases of soft tissues that are located in the superficial layer
of the skin.

Currently, if physicians want to diagnose chronic venous
disease, they use one of the following methods.

e The first one is duplex ultrasound. This method allows
to estimate anatomy, venous flow as well as physiology
and pathophysiology including the measurement of the
duration of reflux [3, 4].
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e The second one is the plethysmography—this nonin-
vasive method allows one to estimate muscle work,
venous reflux and venous outflow obstruction [33].

e The third method is liquid crystal thermography. This
type of diagnostic test is not often used because it is
difficult to perform [34].

e The last one is the thermovision, including the ease of
performance, inexpensive and noninvasive diagnostic
method, but not used as a standard technique yet [8].

Currently, thermal imaging is trying to be used as an
example in the venous thrombosis of superficial veins [13].
It can give us an important information related to blood
supply and metabolic changes of skin areas. It is apparent
that this method can be useful, especially for the diagnosis
of superficial vessels disorders.

Therefore, the aim of this study was to determine the
usefulness of diagnostic thermal imaging in venous insuf-
ficiency and compare the thermal parameters with the
parameters obtained from the duplex ultrasound.

Materials and methods

There were two independent groups of volunteers involved
to the study. The research group that contained 38 cases
(20 women and 18 male ages 60.3 £ 11.0) suffering from
primary venous disease, and the control group consisting of
30 healthy people in a similar age as a research one (22
females and 8 males in age 50.0 & 18.9). All volunteers
have been subjected to a thermal examination of the lower
limbs (in anterior and posterior projection).

The enrollment for the trial was performed in a group of
patients with primary chronic disease stages C2-C4 who
did not suffer from any other diseases, and in duplex
ultrasonography reflux duration the only deviation that was
found was >500 (ms) in the great saphenous vein (GSV).
The results are a continuation and a completion of pre-
liminary studies [13].

The research was completed at the Department and
Clinic of Internal Diseases, Angiology and Physical Med-
icine, Medical University of Silesia in Bytom, Poland. All
patients were examined by a angiologist before the study.
They were requested not to smoke, drink alcohol or hot
drinks for at least 3 h before the thermovision studies.

The thermal imaging of the lower extremities skin
surface was performed by using a Thermovision Camera
E60 camera by Flir Systems, Sweden. All patients were
diagnosed by duplex ultrasonography (device Logic7) and
the reflux duration, as well as the range of reflux, were
determined.

The emissivity was set in the range of 0.97-0.98. The
thermal images of the chosen regions of interests (ROI) for
both afflicted and healthy patients were performed in the
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same conditions by using the same protocol. The studies
were performed in a special room where the temperature
was stabilized (23 £ 1 °C). The distance between the
camera and the body was about 1.3—1.5 m (depending on
the size of the limb). It was necessary to follow the
standard protocol of infrared imaging in medicine
[35, 36].

All of the subjects signed a written consent for the
diagnostics form, and they were previously informed about
the plans and procedures.

The examination’s protocol fulfills the ethical require-
ments of the 1975 Helsinki Declaration.

For the study, the following parameters were taken into
account (Table 1):

e mean venous reflux duration (reflux duration), counted
by duplex ultrasonography

e range of vein insufficiency (range of reflux), counted by
duplex ultrasonography

e mean temperature derived from isotherms area
(Tinean,lesion)> 1sotherms areas were marked using the
mean temperature of the whole lower limb. The
temperature above the mean limb temperature was
taken as a temperature threshold used for the isotherms
area in respective thermograms.

o mean temperature of lower extremity (Tmean Of the
whole limb), counted from thermograms

e range of isotherms’ areas (thermal range), describes
the range of increase in temperature along the limb

e temperature difference (AT = Tiean lesion — Lmean)

e ratio of whole lower extremity area and isotherm area
(area %).

The following methods of analysis defined the use of
above parameters:

Method I Isotherm areas were marked on the lower
extremities surface using the mean temperature of the
whole lower limb (in practice it was the sum of the
anterior area and posterior limb area). Any temperature
higher than the mean limb temperature was understood as
a temperature threshold and can be seen in the isotherm
area in respective thermograms. Such isotherm areas may
describe as pathologically changed tissues and point to
inflammatory states or malfunctioning veins [36]. These
areas were used to evaluate the percentage ratio between
the isotherm and whole limb areas according to following

formulas:
n

Tmean
Z lesion(i) /0
Tmean]esion(i) n ( C)

i=n

where X—sumN—Number of casesTmean,lesioniy—the
average temperature of the lesion for cases

_ AreaZ

= 1
AreaK x 100%

where A—area [%]Area Z—the surface area of the affected
tissue [pixel]Area K—surface area of the limb [pixel].

Method II Isotherm areas were marked on the whole
lower extremities surface using the mean temperature of
the lower limb from control group (in practice it was sum
of anterior area and posterior limb area). The temperature
higher than the mean limb temperature of control group
was taken as a temperature threshold and made the iso-
therm area in respective thermograms. Such obtained areas
were used to evaluate the percentage ratio between iso-
therm area and whole limb area but the threshold temper-
ature was derived from the healthy people unlike to first
method where it was equal to mean temperature of exam-
ined limb.

Method Il This method was performed using ImageJ soft-
ware. The idea of the third method was to evaluate the range of
pathological changed veins by taken into consideration the
whole limb. The range was considered as aregion characterized
with higher temperature than the mean limb temperature and
was marked on the thermograms as a segment length.

Thermograms were analyzed by the use of a Ther-
maCAM TM Researcher Pro 2.8 SR-3. Statistical analyses
were done in Statistica 10. Differences with a p < 0.05
were regarded as significant.

Results and discussion

Skin temperature is an indicator of the heat exchange
between internal tissues and the environment in which the
organism is located. Resultant temperature map can show
tissue metabolism changes as temperature gradient differ-
entiation. It was discussed in previous paper presented
preliminary results of thermal imaging in venous insuffi-
ciency. In this paper, the results was analyzed in a more
comprehensive and a different way than it was done in
preliminary studies [13].

There are thermograms of representative patient’s limbs
in anterior and posterior views presented in Figs. 1-3.
Moreover, Figs. 2 and 3 present the thermograms after
subtraction of areas characterized with lower temperature
than isotherm threshold counted according to Methods I
and II, respectively.

The areas characterized with higher temperature can be
easily seen on the thermograms performed according to
both methods of analysis. However, thermograms with
isotherm areas marked on the lower extremities using the
mean temperature of the whole lower limb of healthy
volunteers seems to be different and a little bigger than
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Table 1 Temperature parameters [mean temperature derived from isotherm area (7'mean tesion), mean temperature of lower extremity (Tyean 0f the
whole limb), range of isotherm area (Thermal range to total whole limb ratio), temperature difference (AT = Tinean.tesion — Imean)s iSOtherm area
to whole lower extremity area ratio (Area %)] and duplex parameters [mean venous reflux duration (Duration of reflux), range of vein
insufficiency (Range of reflux)] obtained for whole studied group of patients and healthy

Number Duration = Range Tinean Of the  Method 1 Method 11 Method III
of of reflux/s  of whole limb .
patients reflux (Area K)/°C Tmeanjesion AT/ Area/ Tyeanjesion AT/ Area/  Thermal range (isotherm ar§a) to
(Area Z)/°C  °C % (Area 2)/°C  °C % total whole limb length ratio
1 2 2 31.6 324 0.8 44 323 0.7 46 0.68
2 2.5 2 30.0 30.9 09 47 322 22 13 0.65
3 3 4 31.7 32.2 0.5 47 32.7 1.0 51 0.91
4 3 2 31.0 32.2 1.2 50 32.1 1.1 34 0.75
5 2.5 2 30.8 31.3 05 59 31.9 1.1 35 0.83
6 0.5 3 30.5 31.1 0.6 53 32.1 1.6 19 0.83
7 2 2 31.9 324 05 46 322 0.3 55 0.70
8 2.5 3 31.3 32.0 0.7 50 322 09 42 0.84
9 5 4 31.2 31.8 0.6 55 32.1 09 34 1.00
10 3 3 30.9 31.8 09 39 324 1.5 29 1.00
11 6 3 32.0 32.8 0.8 54 32.5 0.5 64 0.79
12 3 4 32.9 33.6 07 51 32.7 —-02 74 0.80
13 3 4 31.1 323 1.2 68 325 1.4 59 0.96
14 2 4 31.1 325 14 55 324 1.3 52 0.94
15 3 4 314 32.1 0.7 65 32.1 0.7 67 0.81
16 2 4 31.1 31.8 0.7 176 31.9 0.8 62 0.98
17 3 1 33.1 34 09 63 334 0.3 82 0.94
18 3 1 314 322 0.8 57 32.1 0.7 64 0.78
19 3 3 314 32.1 07 49 322 0.8 45 0.92
20 3 3 31.3 32 0.7 58 32 0.7 58 0.89
21 2 3 31.7 32.7 1 48 327 1.0 51 0.84
22 2 3 31.2 31.8 0.6 67 31.9 0.7 59 0.85
23 1 2 31.3 32 0.7 58 32 0.7 58 0.60
24 7 3 31.5 32.2 0.7 66 322 0.7 66 0.83
25 1 2 32.5 33.2 07 62 32.8 0.3 88 0.84
26 7 3 324 33 0.6 69 329 0.5 89 0.96
27 4 3 32.9 34.6 1.7 34 33.1 0.2 91 0.98
28 4 3 32 32.7 0.7 53 325 05 72 0.96
29 3 4 32.8 33.7 09 54 33 0.2 98 0.99
30 3 4 324 33.1 0.7 69 329 0.5 88 0.98
31 4 2 31.9 32.8 09 49 32.7 0.8 89 0.83
32 4 2 31.7 33.2 1.5 39 32.8 1.1 57 0.65
33 3 3 32.5 33.2 0.7 86 33.1 0.6 98 0.99
34 3 3 32.7 33.2 0.5 63 329 02 92 0.83
35 1 3 34.1 34.5 04 65 34.2 0.1 93 1.00
36 1 3 342 34.7 05 79 344 02 1 1.00
37 1 3 33.9 344 0.5 60 34 0.1 98 0.87
38 1 3 343 349 0.6 56 345 0.2 95 0.98
Control group—healthy people
1 - - 31.1 - - - - - - -
2 - - 31.5 - - - - - - -
3 - - 324 - - - - - - -
4 - - 32.6 - - - - - - -
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Table 1 continued

Number Duration  Range Tinean Of the  Method 1 Method II Method III

of of reflux/s of whole limb

patients reflux (Area K)°C Tmean jesion AT/ Area/ Tmeanjesion AT/ Area/ Thermal range (isotherm ar.ea) to
(Area Z)/°C  °C % (Area Z)/°C °C % total whole limb length ratio

5 - - 31.7 - - - - - - -

6 - - 31.8 - - - - - - -

7 - - 31.6 - - - - - - -

8 - - 31.6 - - - - - - -

9 - - 30.4 - - - - - - -

10 - - 30.5 - - - - - - -

11 - - 314 - - - - - - -

12 - - 31.6 - - - - - - -

13 - - 32.0 - - - - - - -

14 - - 31.7 - - - - - - -

15 - - 31 - - - - - - -

16 - - 32.2 - - - - - - -

17 - - 29.9 - - - - - - -

18 - - 30.2 - - - - - - -

19 - - 304 - - - - - - -

20 - - 30.7 - - - - - - -

21 - - 31.1 - - - - - - -

22 - - 31.1 - - - - - - -

23 - - 32.2 - - - - - - -

24 - - 32 - - - - - - -

25 - - 31.1 - - - - - - -

26 - - 31.6 - - - - - - -

27 - - 30.5 - - - - - - -

28 - - 30.7 - - - - - - -

29 - - 30.6 - - - - - - -

30 - - 30.9 - - - - - - -

obtained according to Method I. One way or another the
areas obtained by these two ways of analysis may describe
the range of pathological changed veins and illustrate the
range of inflammatory state occurred in soft tissues. The
thermogram presented in Fig. 1 reveals prolonged areas
localized mostly on the left tight ending in vicinity of the
ankle in the anterior view and on both cruras in posterior
view. Such thermal map may be correlated with the great
saphena vein insufficiency and inflammatory state of soft
tissue around it. It should be noted that areas marked
according to Method II is bigger than obtained from
Method I. It may indicate that during the performance of
thermal imaging, only the parameters derived from the
thermal images of healthy volunteers in standard condi-
tions by using protocol should be administered [35, 36]. It
seems that the suggested views may be enough in such a
diagnosis, but the deeper analysis we present here will
bring an answer.

All thermograms presented in Figs. 1-3 show elongated
areas characterizing mainly the track of the vena saphena

Fig. 1 Thermograms of representative patient’s limbs in anterior and
posterior position

magna vein and vena saphena parva. These areas are
clearly seen in both views and can be connected with
pathological changes in the veins. Thus, the thermograms
may bring undoubtedly qualitative information for
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Fig. 2 Thermograms from Fig. 1 after subtraction of areas charac-
terized with lower temperature than isotherm counted according to
Method I

Fig. 3 Thermograms from Fig. 1 after subtraction of areas charac-
terized with lower temperature than isotherm counted according to
Method 11

angiologists. Yet increased temperature manifested in the
superficial vein track may be associated with some func-
tional problems of venous valves due to, for example,
blood stasis. It may lead to other pathological vein changes
like vein deformation that is visible on the skin surface, as
areas with higher temperatures, unlike the healthy lower
limbs we discussed in the previous work [13]. There are
some processes that play main roles in venous insufficiency
including leukocyte entrapment, hyperviscosity of blood
and fibrin cuff. All of these may have an influence on soft
tissue metabolism and skin temperature gradient. Further-
more, the number of morphotic elements in blood influ-
ences the blood flow in capillaries because of their
influence on viscosity. But the important thing is also the
interaction of morphotic blood elements with endothelium
cells. The friction has an influence on the temperature
inside the vessels as well as in surrounding soft tissues due
to the leukocytosis influence which leads to increase in
resistance and blood pressure. Additionally, the
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erythrocytes are smaller than white blood cells so they flow
faster and can lead to an aggregation of erythrocytes and
push white blood cells to the vessel walls. This is called the
leukocytes—erythrocytes train. It leads to a process of
leukocytes rolling and adhering to endothelium cells
causing the leukocyte entrapment. Such processes lead to
damage in endothelium and lead to a migration of leuko-
cytes through the blood vessel walls [13, 15, 16]. And, as a
result of the release of cytotoxic substances and the chan-
ges in blood cells, the vessel walls can be damaged, which
enables the increase in permeability and the beginning of
an inflammatory state. It is easy to see the results of these
processes in thermal imaging because they lead to tem-
perature gradient changes located mostly on the route of
the chosen vein. The very important factor is that these
processes take place in small vessels so they are strictly
connected with microcirculation and cannot be visible in
duplex ultrasonography. These processes have an impact
on metabolism and temperature, which is reflected on the
skin can be easily detected by thermovision.

Untreated vein insufficiency or very late diagnosis leads
to swelling, which occurs in the soft tissue of the limbs and
causes an increase in blood pressure, a narrowing of cap-
illaries and a decrease in blood flow. Such effects may lead
to ischemia and oxygen deficiency in tissues and conse-
quently to venous ulcers which we reported in previous
papers [8, 9]. This is also manifested by changes in tem-
perature gradient, mostly a decrease in temperature in soft
tissues due to slow thermoregulation. Such skin tempera-
ture effects should not be visible in healthy limbs.

Despite of mean temperature of the limb or isotherm
area, it could be interesting if the range of reflux may be
correlated with the thermal range along the limb (described
as the ratio of range of area characterized by a higher
temperature than the healthy mean limb temperature to
whole limb length, and as was marked on the thermograms
as a segment length). The result of this method of analysis
is presented in Fig. 4. One can see on all thermograms that
the counted ratio differ between the limbs and probably it
has something to do with the reflux range because of a
higher temperature appearing along the superficial
vein track.

It may seem that the differences in temperature gradient
can be easy correlated with the medical diagnosis and that
is why it was interesting to check the correlation between
temperature and area parameters with duplex ultrasonog-
raphy parameters.

To see the problem more clearly, the correlation
between the duplex ultrasonography parameters (range of
reflux and duration of reflux) and the temperature param-
eters, (mean temperature derived from isotherm area
(Tinean,lesion)> mean temperature of whole limb, thermal
range of isotherm area to total limb length ratio, ratio of
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Fig. 4 Representative thermograms with marked lines described the
isotherm area length to whole limb length ratio calculated according
to Method III
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Fig. 5 Correlation between mean temperature of whole limb (ante-
rior and posterior position) and isotherm area (Area %) obtained for
all patients, where r is the correlation coefficient, calculated according
to Method 1

whole lower extremity area and isotherm area (Area %),
the correlations were performed and presented in Figs. 5-9.

It can be seen from Fig. 5 that there is no statistically
significant correlation between the mean temperature of the
whole limb and isotherm area (p = 0.13) for thermal
parameters calculated according to Method I. However, a
similar correlation for parameters calculated according to
Method II is the mean and positive (r = 0.86) what can be
easily seen in Fig. 6. This may seem that the areas obtained
after subtraction of the areas characterized with lower
temperature than the isotherm calculated according to
Method II are much different than according to Method I
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Fig. 6 Correlation between mean temperature of whole limb (ante-
rior and posterior position) and isotherm area (Area %) obtained for
all patients, where r is the correlation coefficient, calculated according
to Method 11

and can be also clearly seen in Figs. 2 and 3. So it could be
good advice that in regular thermovision diagnosis of
venous insufficiency the mean limb temperature of healthy
volunteers at a proper age should be taken as a threshold to
count the isotherm area (Fig. 7).

The other statistically significant result was a high
negative correlation (r = —0.82) between the isotherm
area (Area %) and AT, calculated according to Method II.
Such a result means that the mean temperature of the whole
limb is strictly connected with the mean temperature of the
isotherm area (mean temperature of lesion).

It seems to be obvious because a bigger isotherm area
determines the temperature of the limb. It should be noted
that the isotherm area is a result of increased limb skin
temperature due to the improper functioning of vein valves,
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Fig. 7 Correlation between isotherm area (Area %) and AT, calcu-

lated according to Method II, obtained from all patients, where r is the
correlation coefficient
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and the release of different cytotoxic substances leading to
damage in the vessel walls, which enables the increase in
permeability and the beginning of an inflammatory state.
Such processes lead to a widening of skin area indicated by
a higher temperature, which has an influence on the
decrease in temperature difference between the whole limb
and the isotherm area, simultaneously increasing the
Area %. Similar processes provide a correlation between
the mean temperature of the lesion calculated according to
Method II, and the thermal range to total limb length ratio,
presented in Fig. 8. The correlation coefficient indicated a
mean positive correlation with r = 0.42. It also may point
out that in thermal diagnosis the mean limb temperature of
healthy people in the proper age should be taken
in comparison.

The other parameter evaluated by ultrasound imaging is
range of vein insufficiency. So the next question was if it is
possible to evaluate the range of vein insufficiency (Range
of reflux), by using the thermal imaging. The first attempt
of this problem has been discussed in literature [13], but
the correlation was not successful. For this reason, in this
study the number of patients is much bigger and the ther-
mal range was also calculated according to Method II. The
result is presented in Fig. 9, where we can see that there is
a much bigger correlation (r = 0.63) than in previous work
(r = 0.46 [13]) between the thermal range to total limb
length radio and range of reflux. It follows that this way of
analysis may be right, owing to a better and statistically
significant correlation between the thermal range, defined
as the thermal range to total limb ratio (described as a
range of increased temperature along the limb), and the
range of great saphenous vein insufficiency calculated by
duplex ultrasonography.
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Fig. 8 Correlation between mean temperature of the lesion (isotherm
area), calculated according to Method II, and thermal range to total
limb length ratio, obtained from all patients, where r is the correlation
coefficient
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Fig. 9 Correlation between the thermal range to total limb length
radio and range of reflux obtained from all patients, where r is the
correlation coefficient

Possibly a better correlation will be found when the
study group is bigger. Nevertheless, even on the level of
the research presented, it can be observed that the totally
noninvasive imaging technique, thermovision, is useful in
the diagnosis of venous insufficiency. Thermovision pro-
vides a faster, cheaper and easier method to use, at mini-
mum in screening or for first contact with a physician, just
to determine if there are some temperature gradient chan-
ges which might be connected with blood supply disorders.
It is possible to see not only big venous malfunction like
vena saphena magna, but at first the microcirculation
problems that are impossible to see in ultrasound imaging.

Thermal imaging as a diagnostic method in superficial
vein diseases is promising and should be developed. The
qualitative and quantitative results show that changes to the
thermal limb map and mean temperature correlates with
physiological diseases processes developing and occurring
in capillaries, and the tissues that could not be seen in
duplex scanning. It is very important to evaluate the stan-
dard protocol for using thermovision for vein insufficiency
diseases and our studies offer some potential solutions.

Conclusions

The results are a continuation of long-term studies devel-
oped by our research group.

As an innovation, the isotherm areas were marked on the
whole lower extremities surface using the mean tempera-
ture of the lower limb from the control group (in practice it
was the sum of the anterior and posterior limb areas). Such
a change caused that a statistically significant high positive
correlation (p = 0.86) between the mean temperature of
the whole limb and isotherm area was obtained.
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Additionally, we found a much bigger correlation
(r = 0.63) than in previous work (r = 0.46 [13]) between
the thermal range to total limb length radio and range
of reflux.

It is apparent that in thermovision imaging of lower
extremities venous disorders, the mean whole limb tem-
perature of healthy volunteers at a proper age should be
taken as a threshold to count the isotherm area, and in
isotherm analysis should be taken for the whole lower
limb; for simplification it can be taken as the sum of
thermal images from anterior and posterior views.

The correlation obtained shows that thermovision is
promising and may be used in the diagnosis of superficial
vein insufficiency.

Finally, a bigger population of afflicted and healthy
patients improved the correlations found in an earlier paper
and shows that the chosen method of study may
be appropriate.

Open Access This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (http://creative
commons.org/licenses/by/4.0/), which permits unrestricted use, distri-
bution, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.
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