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Abstract
The study reports the development of a thermal imaging method suitable for the screening and differentiation of joint inflam-
mation in the rheumatoid foot of patients in comparison with the control group of healthy participants. The study included 
81 patients, with rheumatoid arthritis (RA), and 39 healthy volunteers without any signs or symptoms of inflammation. 
The feet joints were examined by ultrasonography, and the surface temperature of the dorsal side of the foot was measured 
using a thermovision camera. Significant differences in mean temperatures between the study group and the control group 
were found. At the same time, there were no statistically significant differences between the mean temperatures in the left 
and right foot in any of the designated regions in the study and control group. The comparison of average temperatures of 
joints with or without inflammation, according to ultrasonography, did not show significance except for two joints. Despite 
the lack of statistical differences in the recorded temperatures, changes in the form of spikes, hot spots, and gradation of the 
temperatures during screening were observed. Screening analysis of the temperature distribution of the foot can aid in the 
diagnosis of RA and in the evaluation of the development of the disease. Additional studies must be conducted to confirm 
the results of this study.
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Introduction

Rheumatoid arthritis (RA) is an autoimmune systemic con-
nective tissue disease; the etiology of RA has not been fully 
elucidated [1]. Factors such as genetic, environmental, infec-
tious and autoimmune disorders play an important role in 
the etiopathogenesis of RA. Many types of immune cells 
and their cytokines, proteinases and growth factors mediate 
inflammation, joint destruction, and systemic complications 
that lead to disability and premature death. The heterogene-
ous character of the disease results in impossibility to predict 
its progress.[2, 3]. This disease has a chronic course with 
periods of exacerbation and remission. RA is character-
ized by nonspecific inflammation of the symmetrical joints 
and the occurrence of joint swelling, joint tenderness, and 
destruction of the synovial joint [1].

One of the major problems that occur in the RA patients 
is foot complaint. Approximately, 90% of the patients 
complain of pain in the feet, which affects various aspects 
of daily activities. However, the severity of pathological 
changes in the feet varies depending on the clinical form, 
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dynamics of the disease, and the disease duration [4, 5]. 
The inflammation causes pain, swelling, and hypertrophy 
of the synovial membrane of the joint, leading to structural 
changes and deformities, such as subluxation of the meta-
tarsophalangeal (MTP) joints, toe deformities, and valgus 
alignment of the rear foot [4]. Despite the adverse effects 
of the pain and impairment in the structure and function of 
the foot, leading to disability in activities of daily living, 
as experienced by the patients, there is limited available 
literature on the rheumatoid foot.

Various imaging techniques, such as X-ray, ultrasound, 
magnetic resonance imaging (MRI), and classical and 
electron microscopy, can visualize structural changes, even 
in the early stages of disease; however, the changes in the 
temperature of the tissues cannot be visualized.

Medical thermal imaging provides information on the 
functioning of the superficial dermal macrocirculation 
that is affected by local inflammatory processes [6–8]. 
The pathological changes can be manifested by the heat 
radiation of tissues and organs, which transposes to the 
surface regions [9]. Superficial temperature may increase 
or decrease due to the reduction or deterioration of inflam-
mation. These subtle temperature changes can be recorded 
by infrared thermography; these changes can then be 
objectively evaluated after pharmacological, physical, or 
surgical treatment [10].

Thermography is a non-invasive non-contact method of 
visualizing superficial infrared radiation of the object using 
a thermal imaging camera. Thermal images can be recorded 
rapidly and hygienically, without any adverse effects on the 
human body, and the process is inexpensive. To obtain a 
suitable image of the temperature distribution, the condi-
tions and protocols of the method must be strictly followed 
[10, 11].

Many authors have reported that the use of thermovi-
sion techniques is a very useful tool in the examination of 
patients. Thermovision techniques have been used for vari-
ous purposes in medicine, including clinical testing of drugs 
[12], assessment of vascular reactions in hands [13–18], 
diagnosis of Raynaud’s syndrome [19, 20], evaluation of 
observational changes in osteoarthritis [9, 15], detection of 
different kinds of tumors [21, 22], and assessment of the skin 
condition in diabetic feet [23, 24].

In rheumatology, infrared imaging is used to detect the 
increased temperature associated with inflammation or 
decreased temperature caused by nociceptive afferentation 
or the obstruction of vessels. This method can also be used 
to monitor temperature changes after pharmacotherapy 
and other therapeutic methods of treatment and to observe 
micro- and macrocirculation [10].

There is little research on the possibility of using ther-
movision for the diagnosis of inflammatory changes in the 
foot; the results of these works are inconclusive. The use 

of thermal imaging for the screening and differentiation of 
joint inflammation has not been assessed in rheumatoid foot.

The aim of this study was to investigate the usefulness of 
using thermal imaging in detection pathological changes of 
the foot in RA patients compared with the control group of 
healthy participants and for screening temperature distribu-
tion of the foot.

Materials and methods

The study was conducted on 81 patients, aged 
57.4 ± 10.47 years, diagnosed with RA according to the 
American College of Rheumatology (ACR) criteria [1], who 
were inpatients treated at the Rheumatology Department 
and 39 healthy volunteers without any signs or symptoms 
of impairment in the musculoskeletal system.

All patients satisfied the following inclusion criteria: RA 
classified according to the ACR criteria defined in 2010 [1], 
the presence of pain and stiffness of the foot in the prelimi-
nary, and provision of consent to the study. Patients with 
large deformations of the feet and cognitive, propriocep-
tive, and sensory impairments, those with foot fractures, and 
those who underwent surgery in the last six months were 
excluded from this study.

This study was approved by the Research Ethics Com-
mittee at Poznan University of Medical Sciences under 
the Protocol Number 183/14. All the participants provided 
informed consent.

At first, patients were examined by ultrasonography, 
which was performed using an Esaote, MyLab Twice witch 
6–18 MHz transducer. Ultrasonography was performed by 
rheumatologist, who routinely performs ultrasound tests, on 
the dorsal side of the foot and also involved the 1–5 MTP 
joints. During the test, the foot was in a neutral position. 
The rheumatologist examined the joints for the presence or 
absence of signs of inflammation in the form of a synovi-
tis and swelling. The presence of inflammation in the joint 
was defined as minimal hypertrophy of the synovium or/and 
slightly increased vascularization [25, 26].

The next day, thermal imaging was performed. On the 
day of the research, patients were not allowed to smoke, 
drink alcohol or coffee and use other stimulants and drugs 
except for drugs prescribed earlier by their specialist which 
were used in a consistent dosage. Moreover, undertaking 
intensive physical activity and participating in other physi-
cal treatments was forbidden. In addition, patients were 
informed about the need for adaptation process by stabi-
lization temperature after removing clothes in a controlled 
environment before measurement for 20 min. The surface 
temperature of the feet was measured by the thermovision 
camera ThermaCAM SC640 (Flir) according to the guide-
lines provided by the European Association of Thermology 
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[27]. The emissivity was set to 0.98. Calibration of the cam-
era always took at least 20 min before the first measurement. 
The imaging wastaken in the morning by the same research-
ers. Thermography was performed under certain conditions, 
namely, in a draught-free room, shielded from direct sun-
light, with the temperature being at maintained 21 °C and 
humidity 40 ± 10%. The camera was positioned on a tripod 
50 cm above the feet in a natural position, perpendicular to 
them. Images of the dorsal side of the feet were taken and 
used for analysis.

Thermographic images were processed according to 
the rules of the Glamorgan Protocol [27] and modified 
to set the required regions of interest. There were seven 

regions of interests (ROI) manually specified from all the 
feet of the patients. The largest polygon area ROI 1 was 
designated by the outlines that were tangential to the foot, 
and the proximal end of this region showed a horizontal 
line aligned with the tip of the navicular bone. The second 
area was reduced by not including the metatarsal part and 
surface of the toe. The contour of ROI 2 was defined in the 
shape of a polygon adjacent to the edge of the MTP joints 
and the horizontal line was at a tangent to the top of first 
and fifth MTP joint. ROI I-V were marked as circles, and 
the outlines of their shape were adjacent to the edges of 
the MTP joints (Fig. 1).
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Fig. 1  Graphic representation of the seven regions of interest. a ROI 1—large area, b ROI 2—small area, c ROI I-V—MTP joints
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Fig. 2  Temperature distribution in the medical and standard palette of the rheumatoid foot
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Fig. 3  Temperature distribution in the medical and standard palette of the healthy foot
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In addition, images were analyzed with a medical pal-
ette. We focused on the temperature distributions and pres-
ence of different kinds of hot spots, spikes, and gradation 
of the temperatures above the joints. Examples of the tem-
perature distribution of the feet are shown in Figs. 2 and 3.

Statistical analysis

Statistical analysis was performed using the Statistica 
1.0 software package. The values are presented as means 
with standard deviations (SDs) and medians with inter-
quartile ranges. The Shapiro–Wilk test was used to ver-
ify the hypothesis of a distribution of the analyzed vari-
ables. Temperature differences between the determined 
ROIs were measured by the Wilcoxon test, whereas the 

correlations between the variables for all participants were 
assessed using the Spearman rank test. The hypotheses 
were verified at the level of p < 0.05.

Results

The characteristics of the subjects in the two groups are 
shown in Table 1.

The study group did not differ from each other in terms 
of age and disease duration. In the control group, these vari-
ables were not analyzed because these participants were con-
sidered to be healthy.

There were no statistically significant differences between 
the average temperatures in left and right foot in any of the 

Table 1  Baseline characteristics 
of the 81 patients with 
rheumatoid arthritis and 39 
control group participants

All data are expressed as mean ± SD (median; interquartile range) and percentages
NA not analyzed
Significance at p < 0.05

Study group N 81 
x ± SD
(

Me;Q1 ÷ Q3

)

Control group N 39 
x ± SD
(

Me;Q1 ÷ Q3

)

P

Age (years) 57.4 ± 10.47 21.6 ± 1.58 0.0000*
(58; 50 ÷ 65) (21; 20 ÷ 23)

Disease duration (years) 13.1 ± 9.51
(10; 6 ÷ 20)

NA

Number of inflamed joints detected 
by ultrasonography

183 (22.59%) NA

Number of painful joints 235 (29.01%) NA
Number of swollen joints 67 (8.27%) NA

Table 2  Comparison of the average temperatures from the designated ROIs in the study and control group

All data are expressed as mean ± SD (median; interquartile range)
p right foot vs left foot; pp study group vs control group
Significance at p < 0.05

Study group
Right foot

(N 81)
Left foot

p Control group
Right foot

(N 39)
Left foot

p Right foot
pp

Left foot
pp

Large area 30.98 ± 1.82 31.04 ± 1.93 0.7389 29.54 ± 1.84 29.64 ± 1.79 0.1454 0.0001* 0.0001*
ROI 1 (31.2; 29.9 ÷ 32.4) (31.4; 30 ÷ 32.5) (29.1; 28 ÷ 30.8) (29.4; 28.3 ÷ 30.5)
Small area 31.40 ± 1.69 31.44 ± 1.81 0.7554 29.69 ± 1.94 29.83 ± 1.87 0.2161 0.0000* 0.0000*
ROI 2 (31.55; 30.5 ÷ 32.7) (31.75; 30.4 ÷ 32.8) (29.4; 28.1 ÷ 31) (29.6; 28.4 ÷ 30.9)
MTP I 31.13 ± 1.87 31.11 ± 1.97 0.9840 29.12 ± 1.96 29.34 ± 1.94 0.0619 0.0000* 0.0000*
ROI I (31.4; 30 ÷ 32.5) (31.35; 30 ÷ 32.5) (28.5; 27.7 ÷ 30.7) (28.9; 27.8 ÷ 30.6)
MTP II 31.51 ± 1.78 31.6 ± 1.92 0.6036 29.56 ± 2.22 29.67 ± 2.1 0.3793 0.0000* 0.0000*
ROI II (31.7; 30.5 ÷ 32.7) (32; 30.6 ÷ 33) (29.2; 27.9 ÷ 31.1) (29.3; 28.1 ÷ 31.2)
MTP III 31.71 ± 1.69 31.8 ± 1.88 0.5061 30.00 ± 2.08 29.96 ± 1.99 0.8443 0.0000* 0.0000*
ROI III (31.8; 30.6 ÷ 32.8) (32.1; 30.7 ÷ 33.3) (29.7; 28.3 ÷ 31.7) (29.8; 28.5 ÷ 31.2)
MTP IV 31.44 ± 1.67 31.5 ± 1.85 0.6596 30.02 ± 1.92 29.94 ± 1.9 0.6207 0.0001* 0.0000*
ROI IV (31.6; 30.6 ÷ 32.8) (31.8; 30.5 ÷ 32.8) (29.7; 28.6 ÷ 31.4) (29.5; 28.6 ÷ 31)
MTP V 30.68 ± 1.69 30.78 ± 1.77 0.5805 29.34 ± 1.8 29.33 ± 1.8 0.9249 0.0001* 0.0000*
ROI V (30.80; 29.8 ÷ 32) (31.05; 30 ÷ 32.1) (29; 27.9 ÷ 30.5) (28.7; 28.1 ÷ 30.3)
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designated regions in the study and control group. How-
ever, significant differences in the average temperatures 
were detected between the study group and the control group 
(Table 2).

There was a significant difference in the average tem-
peratures of ROI 1 and 2 of the right and left foot (Table 3).

There were no significant differences between inflamed 
joint temperatures that were detected by ultrasonography and 
joint temperatures without inflammation (right foot ROI II-V 
and left foot ROI I, III-V). However, the average temperature 
of the MTP I joint with inflammation in the right foot was 
significantly higher than that of MTP I without inflamma-
tion; moreover, the average temperature of inflamed MTP II 

was statistically higher in the left foot than that of MTP II 
without synovitis (Table 4).

There was no correlation found between the mean tem-
peratures of designated areas of the right and left foot and 
age, disease duration, the number of inflamed joints speci-
fied by ultrasound imaging, and the number of painful and 
swollen joints.

From the analysis of the graphical temperature distribu-
tion using a medical palette in the study group, we were una-
ble to establish a typical image characteristic of RA. Some 
abnormalities have been observed in the form of hot spots, 
spikes, and sometimes gradation of the temperature above 
the joints. In contrast, in the control group, similar graphic 
temperature distributions in the form of a rainbow were 
observed, and these were manifested by a gradual decrease 
in the temperature from the metatarsus to the fingers. While 
in five people (12.8%), the fingers were just as hot as the 
proximal part of the foot.

Discussion

Imaging heat radiation in the form of differences in the tem-
perature distribution on the surface of the skin and the tis-
sues situated deep in the body can provide information about 
the pathological changes [21, 24]. Registered temperature 

Table 3  Comparison of the average temperatures in the large and 
small area of the right and left foot in study group

All data are expressed as mean ± SD (median; interquartile range)
Significance at p < 0.05

Study group (N 
81)

Large area ROI 1 Smal area ROI 2 p

Right foot 30.98 ± 1.82 31.40 ± 1.69 0.0000*
(31.2; 29.9 ÷ 32.4) (31.55; 

30.5 ÷ 32.7)
Left foot 31.04 ± 1.93 31.44 ± 1.81 0.0000*

(31.4; 30 ÷ 32.5) (31.75; 
30.4 ÷ 32.8)

Table 4  Baseline characteristics of the average temperatures from the selected areas in I–V MTP joints of the right and left foot with (1) and 
without inflammation (0) in study group

All data are expressed as mean ± SD (median; interquartile range)
Significance at p < 0.05

Right foot p Left foot p

0—joints without inflam-
mation

1—joints with inflamma-
tion

0—joints without inflam-
mation

1—joints with inflamma-
tion

(N 81) N 71 N 10 N 68 N 13
ROI I 30.94 ± 1.87 32.46 ± 1.37 0.0156* 31.05 ± 1.93 31.47 ± 2.23 0.4852

(31.2; 29.7 ÷ 32.1) (32.1; 31.5 ÷ 33.3) (31.35; 30 ÷ 32.45) (31.4; 30.4 ÷ 32.9)
N 46 N 35 N 58 N 23

ROI II 31.37 ± 1.88 31.71 ± 1.6 0.6610 31.33 ± 2.00 32.27 ± 1.55 0.0458*
(31.7; 30.2 ÷ 32.6) (31.7; 30.5 ÷ 32.9) (31.4; 30.3 ÷ 32.7) (32.3; 31.7 ÷ 33.2)
N 56 N 25 N 61 N 20

ROI III 31.69 ± 1.73 31.77 ± 1.62 0.8407 31.58 ± 1.99 32.5 ± 1.37 0.0993
(31.85; 30.7 ÷ 32.7) (31.8; 30.5 ÷ 32.9) (32.1; 30.1 ÷ 33.2) (32.25; 31.8 ÷ 33.45)
N 61 N 20 N 68 N 13

ROI IV 31.48 ± 1.73 31.32 ± 1.50 0.4765 31.37 ± 1.87 32.25 ± 1.61 0.1133
(31.7; 30.6 ÷ 32.6) (30.95; 30.25 ÷ 32.8) (31.7; 30.35 ÷ 32.75) (32.3; 31.8 ÷ 32.9)
N 69 N 12 N 69 N 12

ROI V 30.73 ± 1.66 30.43 ± 1.94 0.5834 30.73 ± 1.79 31.07 ± 1.76 0.7396
(30.9; 29.8 ÷ 32) (30.45; 29.45 ÷ 31.85) (31.1; 30 ÷ 32) (31.2; 29.5 ÷ 32.45)
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changes are shown in the form of hot spots or areas of inho-
mogeneity in the curves [15].

Several authors have dealt with the possibility of using 
a thermal imaging camera in the diagnosis of inflamma-
tory conditions in locomotion organ diseases. For example, 
Lasanen et al. [28] demonstrated the usefulness of the ther-
movision method in locating inflammation in the ankle joints 
in RA children. Salisbury et al. [29] and Denoble et al. [9] 
previously described an improved sensitivity for the detec-
tion of knee joint. Studies by Umapathy et al. [30], Frize 
et al. [31], or Borojević et al. [32] reported the suitability 
of the thermovision method in locating inflammation in the 
joints of small hands. However, there are no studies on the 
use of foot thermography in rheumatology.

In our opinion, this is the first study that is comparing the 
temperature distribution in the rheumatoid feet and inflam-
mation, which is located by using ultrasonography. Our 
study did not confirm an association between the results of 
the ultrasonography with the average temperatures of des-
ignated thermographic areas. Image analysis was confirmed 
by the temperatures observed in the study group. The joints 
with inflammation in the study group compared to joints 
without inflammation showed a significant difference in ROI 
I of the right foot and ROI II of the left foot.

There was no statistical difference between the remain-
ing MTP joints. Interesting is the difference in temperature 
between the study group and the control group. Patients with 
RA had a higher average surface temperature measured in 
all studied areas. This fact is explained by the active disease 
process, which is a characteristic symptom for RA, However, 
it should also be noted that the groups differed in terms of 
age. Moreover, in our research, due to large warming signals 
resulting from the blood vessels in the metatarsus as well as 
the cooling of the distal surface, the small area ROI 2 outline 
and the outlines of individual joints ROI I-V seem to be the 
most favorable for the assessment.

Lasanen et al. [28] hypothesized that thermal imaging 
can detect joint inflammation in patients with juvenile idi-
opathic arthritis or autoimmune disease with arthritis such 
as systemic lupus erythematosus. The authors compared 
ultrasonography of ankle and knee joints with the results 
obtained by thermography and found that the temperatures 
were significantly higher in inflamed ankle joints, but for 
knee joints, results were inconclusive. As a consequence, 
it was stated that thermal imaging may have the potential 
for detecting joint inflammation in ankle joints of children.

Szentkuti et al. [33] reported that diagnostic infrared 
imaging cannot be directly compared with ultrasound imag-
ing and other structural imaging methods because it is a 
functional method for analyzing physiological processes 
associated with the maintenance of homeostasis and organ 
temperature. However, it should be noted that medical 

diagnosis consists of both the functional and structural data 
of analyzed tissues.

Moreover, in our study group, the measured superficial 
temperature was not different in the joints diagnosed with 
inflammation and joints without inflammation. The reason 
underlying this observation is not known but Ammer et al. 
[34] proposed that this may be due to a reduced range of 
motion in the joints caused by inflammation or pain.

Studies have also compared other imaging methods. Raja-
pakse et al. [35] suggested that thermal images were suit-
able for the detection of inflammation in the knee, ankles 
and elbows, but not for the quantification of inflammatory 
processes in the small joints of the hand where smaller dif-
ferences were noted between the inflamed and non-inflamed 
joints. We suggest that the joints in the foot are also small 
like in the hand, and in our study, similar outcome was 
observed.

Varju et al. [15] compared thermographic and radio-
graphic diagnostic methods and found that the superficial 
temperature of arthritis can complement a radiographic 
image of the progression of osteoarthritis by providing 
information on the inflammatory process and the evolution 
of disease. In this study, a significant decline in temperature 
was observed with increasing severity of the disease, which 
might be explained by a small amount of the symptoms that 
were reported by patients with hand osteoarthritis and could 
have been caused by a concomitant disease.

While Denoble et al. [9] compared two diagnostic meth-
ods, they stated that the skin temperature of the patellar 
region correlated with X-ray scans showing the severity of 
knee osteoarthritis. They confirmed the reliability of thermal 
imaging as an objective method of measuring inflammation, 
closely associated with the destruction of the joint.

Based on the assumption that early detection minimizes 
the progression of disease, Suma et al. [36] correlated clini-
cal and functional assessments with infrared thermal imag-
ing and color Doppler ultrasound. Both methods presented 
a better diagnostic potential in detecting early stages of RA 
but infrared thermography correlated well with the clinical 
findings than color Doppler ultrasound.

Frize’s et al. [37] compared superficial temperatures of 
the joints of the hands, wrists, palms, and knees of healthy 
participants and patients with RA. The authors proved the 
applicability of infrared thermal imaging to determine the 
presence of RA in the metacarpophalangeal (MCP) joint 
of the index and middle fingers and the knee. In our stud-
ies, like Frize et al. [37], at the image analysis stage, some 
abnormalities were observed in the form of spikes and une-
ven gradation of the temperatures above the joints, which 
are probably related to the pathophysiology of the disease. 
The hot spots appear to be the consequence of increased 
vascularity caused by synovitis and increased production 
of chemical inflammatory mediators [37]. On the other 
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hand, the temperature of joints with proven inflammation, 
but which are not visible in the infrared images, could be 
isolated by synovial hyperplasia. This condition can also be 
explained by the exacerbation and remission of the disease.

In our studies, there was no relationship between ultra-
sound examination and temperatures observed in the 
thermovision.

Moreover, we have identified a normal superficial tem-
perature distribution in healthy feet. The control group 
consisted of healthy individuals who we assumed had no 
inflammation in the joints, and thus representing the nor-
mal thermal pattern. The temperature decreased from the 
proximal to the distal part of the foot. In the thermovision 
image, the graphic temperature distribution in the form 
of a rainbow was observed. It was observed that the tem-
perature in the control group was significantly lower than 
in the group of patients with RA, which is consistent with 
the theory of inflammation generating an increase in tem-
perature [37]. Additionally, the normal heat distribution 
differed from the temperature distribution of patients with 
RA. From the thermovision images of the research group, 
the thermal distribution characteristic was not determined 
due to the lack of common characteristic features in the 
screening, probably caused by the complexity of the RA 
symptoms.

Umapathy et al. [30] measured average skin surface tem-
perature in the MCP and proximal interphalangeal joints 
(PIP) in RA patients. The results of the second and third 
MCP joints were significantly higher than those measured in 
normal subjects. There were significant temperature differ-
ences between healthy subjects and patients for every joint 
and hand portion also found in Frize et al.’s study [31]. It is 
worth adding that these were preliminary studies on a small 
group of people.

Borojević et al. [32] also presented thermal imaging as a 
potential way to distinguish healthy people from those with 
RA or with osteoarthritis from each other. In this study, no 
statistically significant difference was found between the 
surface temperature of the right and left side of the body. 
However, a significant difference in mean temperature of fin-
ger and MCP joint was found. In our study, we also observed 
differences when looking at the distal and proximal part of 
the foot.

Similar to that reported by Frize et al. [37], result hot 
spots and cone infiltrates were observed in RA patients with 
inflammation or joint swelling in our study.

Salisbury et al. [29] discussed the difficulty in distin-
guishing normal values from pathological values due to 
various individual, physiological, diurnal, circadian, and 
environmental factors affecting the skin. In these studies, a 
normal distribution pattern around the knee was shown and 
hot spots in inflammatory joints have been characterized. 
The same observation was found in our research.

Sun et al. [23] found that at-risk diabetes participants have 
significantly higher mean foot temperature (30.2 ± 1.3 °C) 
compared to the normal subjects (26.8 ± 1.8 °C). The authors 
explained this observation through thermoregulatory sweat-
ing disorder, which signifies early sympathetic damages in 
the diabetic feet.

Other authors, for example, Cholewka et al. [38, 39] 
observed an enhancement of the profile of skin tempera-
ture due to body cooling, which resulted in an increase 
in the diagnostic sensitivity of thermovision and this has 
potential diagnostic value in the case of spinal diseases. 
Lowering the temperature observed after cold applica-
tion causing a bigger differentiation of the body surface 
temperature.

Thermal imaging not only allows to see a single point 
on the surface of the skin, but also the temperature of the 
contoured area. In addition, you can analyze the image as a 
whole using various medical palettes [40].

Due to the complex nature of RA, it is thus based largely 
on the symptoms of the disease, and therefore, there is a 
need to supplement the clinical diagnostic methods with 
additional information [41]. Thermovision may be a veri-
fication method supporting diagnosis and also clinical and 
functional follow-up of the patients [42], but in our opinion 
only in the case of a screening-based study.

There are some limitations of the study. First, the condi-
tions, body temperature, and pre-test behavior may influ-
ence the thermovision results. Second, the control group 
significantly differed from the study group with respect to 
age. At the same time, it should be mentioned that it would 
be difficult to analyze a homogeneous group with respect to 
patients with RA due to various degenerative changes in the 
feet, which are the result of progressive degenerative condi-
tions and accompanying underlying diseases.

Conclusions

Thermal imaging has been used as a supporting method in 
the diagnosis and assessment of medical improvement after 
treating many diseases. The present study attempted to use 
thermal imaging in the evaluation of inflammatory changes 
within the rheumatoid foot. Significant differences in aver-
age foot temperatures were detected between the study group 
and the control group. At the same time, there were no sta-
tistically significant differences between the average tem-
peratures in the left and right foot in any of the designated 
regions within the study and control groups. Reliability of 
comparison of the ultrasonography results and different 
parameters in thermal imaging were not confirmed in our 
study. The comparison of average temperatures of joints 
with or without inflammation, according to ultrasonography, 



84 M. Gizińska et al.

1 3

did not show significance except for two joints. However, 
we observed changes in the form of spikes, hot spots, and 
gradation of temperature during screening using a medical 
palette. These changes in the thermal map may suggest a 
pathological process in the feet of RA patients and require 
deeper analysis. Observation of the image as a whole and 
analysis of the temperature distribution of the examined 
body parts can aid in the diagnosis of RA and the evaluating 
the development of the disease. Additional research must be 
conducted to confirm the results of this study.
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