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Abstract
Purpose Infrared thermography is an imaging tool that captures infrared radiation emitted by the body, which helps in the
diagnosis of inflammatory diseases. The aim of this research was to evaluate the feasibility of the use of thermal imaging in
the diagnosis of repetitive strain injuries (RSI) in the wrist and hand joints.
Methods Thermal images were collected from the wrist and hand region of 33 volunteers. From these total, there were 23
volunteers with complaints of pain in one hand and wrist, due to RSI in their daily working activities (study group); while the
other 10 volunteers had no complains (control group). The volunteers underwent clinical assessment by an orthopedist and were
also associated through the ultrasound evaluation. Thermal imaging analysis was performed in the wrist and hand joints
complaining regions and compared with the healthy side/limb. The thermal variations, i.e., based on the infrared imaging
temperature measurements, were compared between the study and control groups, through the clinical and ultrasound diagnoses
by the Anova, Bonferroni, and LSD tests.
Results Between the study group, there was a significant difference with p = 0.037 for Bonferroni and p = 0.012 for LSD. The ROC
curve showed that thermography presents 50% sensitivity and 82% specificity using a cutoff of 0.65 °C for temperature differences.
Conclusion The results showed that the infrared thermography analysis might be able to evaluate the inflammatory process from
repetitive strain injuries, helping its diagnosis and monitoring of such condition.

Keywords Thermal images . Infrared images . Inflammation . Ultrasonography

Introduction

Repetitive strain injury (RSI) refers to the skeletal muscle
disorder caused by the repetitive use of certain muscle
groups and joints during a given activity. Currently, the
RSI presents some alternative terms, such as work-related
musculoskeletal disorder (WRMD), musculoskeletal disor-
ders of the neck and upper limbs related to work
(WRULDs), among others. Despite presenting different
nomenclatures, these lesions occur by the same factor, the

intense use of the musculoskeletal system in the workplace
(Cheung et al. 2016; Lasanen et al. 2017).

This type of injury affects the whole world. The World
Health Organization reports that musculoskeletal disorders
account for more than 10% of all years lost due to disability.
In addition to being a public health problem, it also results in
high costs for society (OMS 2013).

The diagnosis of repetitive strain injuries is based on the
history of the disease and by the physical and clinical exam-
ination, including assessment of joint range of motion, pain,
strength, and imbalance. The most common imaging method
used to evaluate repetitive strain injuries is the ultrasound
examination (Hussain et al. 2018). Ultrasonography is the first
resource used to support the diagnosis of diseases, especially
those involving the musculoskeletal system, particularly relat-
ed to the inflammation of tissues (van Tulder et al. 2007;
Hussain et al. 2018).

It is important to emphasize that RSI has a multifactorial
origin, and the association between the disease and the em-
ployee’s work history is fundamental to taking preventive
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measures. The pain, although considered subjective, is the
first symptom analyzed during the physical examination and
can be interpreted as positive for diagnosis of tendonitis.
However, other painful diseases such as arthrosis and rheuma-
toid arthritis have the same clinical symptoms (Fedorczyk
et al. 2010; Piligian and Gold 2012).

A simple collection of spontaneous complaints from pa-
tients is not enough for an accurate diagnosis. Thus, the ap-
plication of new technological resources, which make it pos-
sible to evaluate the inflammatory processes, can contribute to
the confirmation of more accurate diagnosis and, sometimes it
helps in the detection of the RSI during its initial stage.

The field of medical research is developing rapidly and
new features are coming in order to measure and diagnose
inflammatory processes. From this perspective, thermography
appears as an option in the diagnosis of inflammatory diseases
(Dibai-Filho et al. 2015). It is a non-invasive technique, capa-
ble of capturing the infrared radiation of the body, being emit-
ted by the skin through metabolic, microcirculatory, and auto-
nomic activity (Costa et al. 2013; Szentkuti et al. 2011).

Several researches employing infrared images are being
performed in different medical areas. In the field of occupa-
tional health, thermography is used to evaluate pathologies
such as carpal tunnel syndrome (Baic et al. 2017; Jesensek
Papez et al. 2009), repetitive stress injuries, and shoulder ten-
donitis. In all related researches, thermography has proved to
be effecttive and promising to identify painful and inflamma-
tory process (Brioschi et al. 2009; Rossi et al. 2013). Studies
in the fields of endocrinology (Alves and Gabarra 2016;
Madhe 2014; Helmy et al. 2008; Rossato et al. 2015), derma-
tology (Gurjarpadhye et al. 2015; Ko et al. 2016), and oncol-
ogy (Guirro et al. 2017; New et al. 2017; Arena et al. 2004;
Wu et al. 2016) investigate this method as a form of helper in
clinical diagnosis.

Thus, the aim of this research study is to evaluate the fea-
sibility of the application of thermography for the diagnosis of
RSI in the wrist and hand joints. The hypothesis tested in this
research is that thermography proves to be feasible for this
evaluation, assuring its use in clinical practice.

Methodology

Sample

This research project has been approved by the BPontifical
Catholic University of Paraná (PUCPR)^ Ethical
Committee, according to protocol number 6178. The study
sample consisted of 33 individuals. These were divided into
two groups: a study group containing 23 individuals, whose
complaints of localized pain in the wrist and/or hand joint,
who work as typists at an IT company. The control group, in
turn, counts on the participation of 10 individuals, who did not

perform repetitive activities in their daily working tasks nor do
they present pain complaints in the upper limbs.

The experimental investigation included volunteers of both
genders, ranging from 20 to 50 years old. Subjects with rheu-
matic diseases, people treated for inflammatory diseases, and
individuals taking analgesic or anti-inflammatory drugs were
excluded from this study.

Individuals were selected based on the presence or absence
of pain in the region of interest, using the Corlett questionnaire
(Richardson 1987). The clinical inspection performed by the
orthopedic doctor evaluated the pain, edema, limitation of
movement, and inflammation of both hands of all the volun-
teers involved in this research. After this clinical evaluation,
the study group was divided into two subgroups: the group
with pain and injury; and the group only with pain, but with-
out clinically diagnosed lesion. The control group was sub-
mitted to clinical evaluation and thermography examination;
while the study group was further submitted to ultrasonogra-
phy. Both the acquisition of the thermographic images and the
ultrasound exams were performed on the same day.

Ultrasonography examination

The ultrasound images of all the volunteers were acquired at
the same clinic and by the same physician. The ultrasound
equipment, a Logic 3 model, with a linear transducer working
in the 7.5 MHz frequency band was produced by General
Electric. The scanning technique was applied initially along
the longitudinal direction and then in the transverse direction
of the anterior and posterior regions of the wrist, carpal, and
metacarpal joints.

Infrared thermography

Thermal images were acquired with an A325 infrared camera,
from FLIR Systems Inc. This camera has a temperature resolu-
tion (i.e., thermal sensitivity) of 0.075 °C and a wavelength’s
spectral band ranging from 7.5 to 13 μm. This camera model
provides 16-bit images, with an image resolution of 320 per
240 pixels, which rates up to 60 Hz. All images were taken with
the tripod-mounted camera, emissivity of 0.98, and aimed at the
volunteers at a distance of 90 cm and height fixed at 79 cm,
aligned to the midline of the region of interest to be studied.

It is worth mentioning that the accuracy of temperature
measurements using thermal cameras is a limitation of every
study using thermal cameras. Temperature accuracy represents
the ability of the IR camera to accurately measure an object’s
exact temperature. Additionally, most of the literature using
infrared thermography for biomedical applications, especially
the ones involving diagnostic applications, are using cameras
with similar accuracy (2 °C or 2% of reading). Such accuracy
should be enough, since it would provide always the same
accuracy for all the hand/wrist regions measured among all
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the volunteers (even if there is a systematic error, for example).
The main concept behind the thermal variations obtained from
medical/physiological changes is to be able to verify the
changes between abnormal (diseases, tumors, etc.) and normal
parts of the body. And that is the purpose of this research.

The volunteers were asked to avoid hot baths, not to use
topical agents, not to practice vigorous exercises, and not to
take stimulants such as caffeine or chocolate within 2 h before
collection.

Prior to the clinical examination, the patients removed
the clothes from the region under analysis and remained in
an air-conditioned environment for body thermal stabiliza-
tion for 15 min. The temperature of the waiting room and
the thermographic laboratory was kept constant at 20 °C.
The environment remained with doors and windows
closed, and the inflow and outflow of people were con-
trolled during periods of thermal stabilization and during
the examination (image acquisition).

Participants were advised to keep the wrist joint in a neutral
position, suspended from the side of the body. Both hands did
not keep in contact with each other or any other part of the
body until the thermal images would be acquired. The infrared
images were acquired with the subject standing and with both
hands on a Styrofoam plate, without touching the panel, thus
avoiding thermal exchanges. Images of the wrist, carpal, and
metacarpal joints were acquired in four different positions:
dorsal, ventral, radial, and ulnar. These images allowed an
overview of all the evaluated regions.

Specific markers (metallic adhesive material) were at-
tached to the tubercle of the radius (1), the ulna head (2),
and the head of the third metacarpal bone (3) in the dorsal
region. While in the palmar region, the markers were fixed
in the styloid process of the radius (1), ulna head (2), and at the
head of the third metacarpal bone (3), to indicate anatomical
references in order to delimit the study region (Fig. 1).

Analysis of infrared images

The thermal mapping and its analysis were performed using
ThermaCAM Research Software 2.9. Based on the character-
istics of the software tools, this research was based on the
selection of specific circled area tool. This tool provides the
maximum, minimum, mean, and standard deviation of the
temperature within the selected area chosen in the image.

The area under analysis was different between the
groups. For the study group with pain and injury, the lesion
area diagnosed by the physician and/or by the ultrasound
examination was circulated. For the control group, the
wrist region was measured. The mean temperature of each
selected area was compared with the mean temperature on
the contralateral side of the lesion. For the control group,
the thermal differences between the dominant hand and the
contralateral limb were evaluated.

Some specific terminology is being used at this research, so
it is defined here, for instance, the term Bpercentage tempera-
ture difference^ is calculated by dividing the temperature dif-
ference by the temperature value of the healthy hand (Fig. 2).
And the term Btemperature difference,^ is the temperature
difference between the same measured areas in both hands.

The processing was performed on all the 132 thermograph-
ic images acquired during the research by the same evaluator.
In order to increase the reliability and repeatability of the
image marking, repetition tests were carried out on 10 of the
132 thermal images with the same tools used by the same
researcher/evaluator.

Statistical analysis

The results of the study were analyzed with SPSS 13.0 statis-
tical software. Data were presented as mean and standard de-
viation (SD).

Fig. 1 The marking points in the region of the forehead view (a) and palmar view (b)

Res. Biomed. Eng.



The comparison between the groups was performed by
Student’s t test for independent groups and by one-way
ANOVA, followed by the Bonferroni post hoc test. Pearson’s
coefficient was also used to perform correlated analysis be-
tween the mean temperature difference, mean percentage tem-
perature difference, and self-reported pain level. Statistical sig-
nificance was set at p < 0.05. The ROC curve was used to
determine a cutoff point to define the sensitivity and specificity
parameters of thermography in the diagnosis of RSI.

Results

Since we have two main groups (the study group and the
control group); then at the study group, the affected member
consists of the hand/wrist with pain (usually located at the
dominant hand). However, at the control group (because there
is not affected member), we establish two different terminol-
ogies in order to differentiate both hands/wrists, which are the
dominant hand and contralateral hand. So, the temperature
measurements were obtained at the hand with pain (for the
study group) and at the dominant hand (for the control group).

Regarding the thermal differences between the hands, i.e.,
the temperature in the region of interest of the hands, measured
at the different groups, Table 1 shows the minimum, maxi-
mum, and average values of the two hands within the two
groups, which allowed to register the changes between them
and the percentage temperature difference. The Bmean temper-
ature difference^ and the Bmean percentage temperature
difference^ for the study group (+ 0.60 °C, + 1.96%) were
higher when compared to the control group (+ 0.21 °C, +
0.70%).

The Bmean percentage temperature difference^ and the
Bmean temperature difference^ were compared with the pain

level reported by the subject. In order to verify the significance
levels of the association between the quantitative variables,
Student’s t test was used for independent samples. The level
of significance was set at 5%. Statistically significant differ-
ences were observed in the variables Bmean percentage tem-
perature difference^ (p = 0.017) and Bmean temperature
difference^ (p = 0.013) between the study and the control
groups.

The changes in temperature and the absolute differences
between the control group and the study group (divided
into the group with pain and injury and the group with pain
and without injury) were compared. Multiple comparisons
by analysis of variance (ANOVA) with least significant
difference (LSD) and Bonferroni post hoc Tests were per-
formed and presented in Table 2. However, no statistically
significant difference was found between the study group
(i.e., pain and injury vs. pain without injury and pain with-
out injury vs. control group).

We had used two different post hoc tests. One of them is
more permissive (LSD) and the other one is more severe
(Bonferroni). So, both applied tests agree for the statistical
conclusions. Based on this, we confirm that the Bonferroni
test applied was enough for the application. Therefore, this
analysis allowed significant p values for pain and injury of
the study group versus those of the control group (i.e., LSD
p = 0.012 and Bonferroni p = 0.037).

Comparing the examinations of thermography and ultraso-
nography with the clinical examination, performed by the or-
thopedic doctor, the thermography examination showed to be
87% positive for injury while the ultrasound showed 17%.
Therefore, the infrared imaging evaluation showed to be even
better than the traditional ultrasound evaluation. This could also
lead to the prevention of occupational diseases, such as RSI. To
confirm, all inflammatory changes recorded by thermography

Fig. 2 Thermography images of the wrist and hand of individuals in a the control group and b the study group—where the lesion is located at the wrist of
the right hand
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correspond to clinical changes diagnosed by the physician. The
sensitivity and specificity of the ultrasonography were tested.
The obtained data, sensitivity 0.25 and specificity equal to 1.00
allowed us to infer that the diagnosis of ultrasonography was
not very sensitive for the detection of lesion.

Finally, to evaluate the quality of the thermography as a
diagnostic test, the validity and reliability test was considered.
The values of sensitivity and specificity, and positive predic-
tive value and negative predictive value were calculated, con-
sidering the clinical examination as a gold standard. These
measurements were calculated as described in Table 3.

Positive predictive value (PPV) and negative predictive
value (NPV) were used to confirm the results, obtaining
0.73 for PPV and 1.00 for NPV. Thermography showed to
enable the diagnosis of repetitive strain injuries (RSI); how-
ever, in some individuals, thermography showed evidence of
lesions even at clinically normal volunteers.

The cutoff values were selected based on the analysis of the
ROC curves, choosing the point in the ROC curve that
allowed the bigger values for both sensitivity and specificity
altogether. So, in order to confirm these findings, the ROC
curves served as a basis to evaluate the sensitivity and speci-
ficity variation for different cutoff values in the variables:
Bmean percentage temperature difference^ and Bmean temper-
ature difference^. So, a cutoff point was established for a
Bmean percentage temperature difference^ of 2.34% resulting
in a sensitivity of 50% and specificity of 82%.

By employing a cutoff point for the Bmean temperature
difference^ of 0.65 °C, 50% of sensitivity and 82% of speci-
ficity were obtained. Figure 3 illustrates ROC curves for the
Bmean percentage temperature difference^ and the Bmean
temperature difference^ of the hands, respectively.

The values of sensitivity and specificity of the ultrasound
reached 25% and 100%, respectively, indicating that the ther-
mography presented greater sensitivity in the detection of the
inflammatory process in the initial stage than the ultrasonog-
raphy. Comparing the ultrasound examination performed with
individuals who presented lesions with the thermography ex-
amination performed by the same volunteers, it was observed
that the thermography was able to identify the lesion bymeans
of local temperature change.

Regarding the comparison of sensitivity and specificity
values with other studies, it is important to highlight that such
contrast is not always possible, since the medical applications
may vary a lot. To the best of the authors’ knowledge, similar
researches pointing out such values for RSI in wrist/hand
joints were not found. For instance, we selected other studies
from the literature, Arora et al. (2008) presented 97% of sen-
sitivity and 44% of specificity for the detection and evaluation
of breast cancer using infrared images. On the other hand, for
studies related to the applicability of thermal changes associ-
ated with dehydration for the detection and quantification of
early tooth decay on occlusal surfaces, infrared imaging was
also evaluated by Zakian et al. (2010). In this case, depending

Table 1 Temperature in the region of interest of the hands, showing the measurements variation for both the study and control groups

Variables Number Average Standard deviation Minimum Maximum

Study group (with pain) Temperature at hand with injury (°C) 23 31.81 2.40 26.30 35.25

Temperature at hand without injury (°C) 23 31.20 2.40 26.10 34.70

Mean temperature difference (°C) 23 0.60 0.45 − 0.60 1.70

Mean percentage temperature difference (%) 23 1.96 1.51 − 1.92 5.84

Control group Temperature in the dominant hand (°C) 10 31.00 2.37 26.70 34.35

Temperature in the contralateral hand (°C) 10 30.95 2.47 26.10 34.30

Mean temperature difference (°C) 10 0.21 0.17 0.00 0.60

Mean percentage temperature difference (%) 10 0.70 0.65 0.00 2.30

Table 2 Multiple comparisons by analysis of variance (ANOVA) with LSD and Bonferroni post hoc tests

Dependent variable (I) Group (J) Group Mean difference Std. error LSD
(p value)

Bonferroni
(p value)

Percentage temperature difference Pain and injury Pain without injury 0.54 0.60 0.374 1.000

Control group 1.42 0.53 0.012 0.037

Pain without injury Control group 0.89 0.65 0.187 0.560

Temperature difference Pain and injury Pain without injury 0.14 0.18 0.437 1.000

Control group 0.44 0.16 0.010 0.031

Pain without injury Control group 0.29 0.19 0.142 0.426

Std. error, standard error; LSD, least significant difference
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on the areas of the lesions detected, sensitivity of 58% and
specificity of 83% for areas that have a lesion reaching the
dentin were obtained. Although, they had also analyzed other
areas of the teeth as well.

Discussion

This study showed that thermography enables the detection
and monitoring of RSI for the wrist and hand regions.
Volunteers who had a positive diagnosis of RSI on clinical
examination presented thermal changes of greater magnitude
than those presented in the control group (without pain or
injury). Regarding the variables of percentage temperature
difference and temperature difference, such differences be-
tween the study group and the control group were measured
quantitatively, i.e., by measuring the areas related to the vol-
unteers’ pain complaints during the clinical examination and
their subsequent medical diagnosis.

The inflammatory process causes localized temperature in-
crease, diffuse, and irradiated pain, accompanied or not by
edema. Inflammation is the body’s reaction to a particular
injury. This reaction attracts leukocytes and plasma molecules
to the site of infection or tissue damage, which significantly
alters local vascularization and, consequently, the infrared ra-
diation measured at the affected area (Lis-Swiety et al. 2018).

A study using thermography to check inflammatory pro-
cess in patients with RSI temporarily out of work allowed
checking the conditions of such patients in order to return-
to-work. Papaléo et al. (2016) showed a mean temperature
difference in confirmed groups with lesions, indicating, there-
fore, the efficiency of the method in evaluating the inflamma-
tory process for evaluating such patients. These results are in
agreement with the findings in this study, in which the inflam-
matory process identified by the physician was pointed out in
thermal images with temperature changes.

Thermography was used to evaluate specific pathologies
such as carpal tunnel syndrome resulting from repetitive stress
at work. Temperature change was investigated throughout the
lesion. A high-temperature gradient was indicated by the ther-
mal images in the area of the wrist, palmar region, and pha-
langes (Baic et al. 2017; Jesensek Papez et al. 2009). This
research did not correlate specific pathologies like temperature
changes, but groups with repetitive strain injuries and pain.

Pain was the most common symptom in our study popula-
tion and was used as an inclusion criterion for the test group.
However, a direct relationship between the level of pain and the
resulting warming generated on the local spot was not ob-
served. Pain was also investigated in another study (Papaléo

Fig. 3 ROC curves for the hands’ measurements: a mean percentage temperature difference and b mean temperature difference

Table 3 Results of the ultrasound, thermography, and clinical
examination

Exam Sample size Exam result

Positive Negative

Clinical diagnosis 23 17 6

Ultrasonography 23 4 19

Thermography 23 20 3

Res. Biomed. Eng.



et al. 2016) in which thermal alterations with pain were evalu-
ated and compared for a case study of multiple sclerosis in crisis
of pain. However, the feeling of pain is very subjective and
variable, since it depends on the reaction of each person, al-
though it is not easy to be measured.

In the research findings of Dibai-Filho et al. (2015) is shown
an application of thermography to identify only painful spots
found in hyper-radiant distribution over painful trapezius mus-
cle areas. However, in our study, the thermography showed a
change in temperature in the group of individuals with pain and
without injury as well. Although the clinical examination
showed no lesion, the thermography showed alteration in the
region where the individual had a pain complaint. RSI shows
clinical symptoms such as pain and swelling resulting from
inflammation. One of the symptoms of inflammation is edema
due to increased circulation. Often, a small edema is not detect-
ed in ultrasound images; however, the thermography examina-
tion detects such changes. This is because of the ability of ther-
mography to capture infrared radiations from the body. Other
studies analyzing vascular alterations with thermal images
showed significant temperature changes based on increased
and decreased local circulation (Sheikh et al. 2018). For exam-
ple, very common applications, such as the assessment of plan-
tar thermography in diabetes patients, are being explored.

A thermal imaging study to evaluate changes in blood flow
during typing was performed in the working environment.
The aim of the study was to characterize differences in cuta-
neous temperature in groups of office workers during the after
typing (Gold et al. 2004). Intermittent typing is one of the
main causes of workers’ withdrawal from RSI and as in this
research, the study showed changes in temperature in workers
who use typing as a work tool.

Research with thermography as a tool to aid in the diagno-
sis of repetitive strain injuries is of great value in occupational
health. This is due since often the lack of clear signs that
characterize the syndrome and the subjectivity of pain causes
health professionals to become lost in providing proper clini-
cal diagnosis.

Our study had a limitation of the non-inclusion of volun-
teers with complaints of pain and lesions in both hands and
wrists, since the approach investigatedwas to evaluate thermal
changes between the limbs, although this was necessary for
the comparison with the contralateral limb due to the thermal
symmetry findings of the human body. In addition, as a sug-
gestion for future study, it seems interesting to separate the
groups into specific pathologies within the individual group
with repetitive strain injuries.

Conclusion

The use of thermography proved to be feasible to identify
areas with lesions in individuals with RSI. The application

of thermographic images as a more in-depth examination
method is aiding the medical diagnosis, especially in the iden-
tification of occupational diseases, related to inflammatory
sources. Considering that the actual clinical outcome of the
RSI reveals a certain subjectivity and depends on the profes-
sional knowledge and experience in the field, thermography
can complement and help for providing a more accurate diag-
nosis. Thus, the multimodality strategy, for example, combin-
ing thermography with the usual clinical assessment, i.e., to-
gether with the physical and ultrasonography exams, may be a
prospective way to improve the accuracy of RSI detection.

Acknowledgments We are thankful to the Laboratory of Thermography
from the Federal Technological University of Paraná (UTFPR).

Compliance with ethical standards

This research project has been approved by the BPontifical Catholic
University of Paraná (PUCPR)^ Ethical Committee, according to proto-
col number 6178.

References

http://www.ilo.org/public/portugue/region/eurpro/lisbon/pdf/
safeday2013_relatorio.pdf. 2013. Acessed 24 April 2018.

Alves ML, Gabarra MH. Comparison of power Doppler and thermogra-
phy for the selection of thyroid nodules in which fine-needle aspi-
ration biopsy is indicated. Radiol Bras. 2016;49(5):311–5.

Arena F, DiCicco T, Anand A e. Multimodality data fusion aids early
detection of breast cancer using conventional technology and ad-
vanced digital infrared imaging. Ann Int Conf IEEE Eng Med Biol
Soc. 2004;2:1170–3. https://doi.org/10.1109/IEMBS.2004.
1403374.

Arora N,Martins D, Tousimis E, Swistel AJ, OsborneMP, Simmons RM.
Effectiveness of a noninvasive digital infrared thermal imaging sys-
tem in the detection of breast cancer. Am J Surg. 2008;196:523–6.
https://doi.org/10.1016/j.amjsurg.2008.06.015.

Baic A, Kasprzyk T, Rzany M, Stanek A, Sieron K, Suszynski K, et al.
Can we use thermal imaging to evaluate the effects of carpal tunnel
syndrome surgical decompression? Medicine. 2017;96(39):e7982.
https://doi.org/10.1097/MD.0000000000007982.

Brioschi ML, Cherem AJ, Ruiz RC, Sardá Júnior JJ, Silva FMRM. The
use of infrared thermography in evaluating returns to work in an
extended rehabilitation program (PRA). Acta Fisiátrica.
2009;16(2):6. https://doi.org/10.5935/0104-7795.20090004.

Cheung TW, Clemson L, O'Loughlin K, Shuttleworth R. Understanding
decision-making towards housework among women with upper
limb repetitive strain injury. Aust Occup Ther J. 2016;63(1):37–46.

Costa AC, Dibai Filho AV, Packer AC, Rodrigues-Bigaton D. Intra and
inter-rater reliability of infrared image analysis of masticatory and
upper trapezius muscles in women with and without temporoman-
dibular disorder. Braz J Phys Ther. 2013;17(1):24–31.

Dibai-Filho AV, Guirro EC, Ferreira VT, Brandino HE, Vaz MM, Guirro
RR. Reliability of different methodologies of infrared image analy-
sis of myofascial trigger points in the upper trapezius muscle. Braz J
Phys Ther. 2015;19(2):122–8. https://doi.org/10.1590/bjpt-rbf.
2014.0076.

Fedorczyk JM, Barr AE, Rani S, Gao HG, Amin M, Amin S, et al.
Exposure-dependent increases in IL-1beta, substance P, CTGF,
and tendinosis in flexor digitorum tendons with upper extremity

Res. Biomed. Eng.

http://www.ilo.org/public/portugue/region/eurpro/lisbon/pdf/safeday2013_relatorio.pdf
http://www.ilo.org/public/portugue/region/eurpro/lisbon/pdf/safeday2013_relatorio.pdf
https://doi.org/10.1109/IEMBS.2004.1403374
https://doi.org/10.1109/IEMBS.2004.1403374
https://doi.org/10.1016/j.amjsurg.2008.06.015
https://doi.org/10.1097/MD.0000000000007982
https://doi.org/10.5935/0104-7795.20090004
https://doi.org/10.1590/bjpt-rbf.2014.0076
https://doi.org/10.1590/bjpt-rbf.2014.0076


repetitive strain injury. J Ortho Res. 2010;28(3):298–307. https://
doi.org/10.1002/jor.20984.

Gold JE, Cherniack M, Buchholz B. Infrared thermography for examina-
tion of skin temperature in the dorsal hand of office workers. Euro J
Appl Physiol. 2004;93(1–2):245–51. https://doi.org/10.1007/
s00421-004-1210-6.

Guirro JRR, Oliveira Lima Leite Vaz MM, das Neves LMS, Dibai-Filho
AV, Carrara HHA, de Oliveira Guirro EC. Accuracy and reliability
of infrared thermography in assessment of the breasts of women
affected by cancer. J Med Syst. 2017;41(5):87. https://doi.org/10.
1007/s10916-017-0730-7.

Gurjarpadhye AA, Parekh MB, Dubnika A, Rajadas J, Inayathullah M.
Infrared imaging tools for diagnostic applications in dermatology.
SM J Clin Med Imaging. 2015;1(1):1–5.

Helmy A, Holdmann M, Rizkalla M, editors. Application of thermogra-
phy for non-invasive diagnosis of thyroid gland disease. IEEE Trans
Biomed Eng. 2008;55(3):1168–75. https://doi.org/10.1109/TBME.
2008.915731.

Hussain S, Sivakumaran P, Gill A, Dhas D, Ciurtin C. Ultrasonography-
detected subclinical inflammation in patients with hand osteoarthri-
tis and established rheumatoid arthritis: a comparison between two
different pathologies using the same ultrasound examination proto-
col. Musculoskeletal Care. 2018;16(1):26–31. https://doi.org/10.
1002/msc.1197.

Jesensek Papez B, Palfy M, Mertik M, Turk Z. Infrared thermography
based on artificial intelligence as a screening method for carpal
tunnel syndrome diagnosis. J Int Med Res. 2009;37(3):779–90.
https://doi.org/10.1177/147323000903700321.

Ko EJ, No YA, Park KY, Li K, Seo SJ, Hong CK. The clinical signifi-
cance of infrared thermography for the prediction of postherpetic
neuralgia in acute herpes zoster patients. Skin Res Technol.
2016;22(1):108–14. https://doi.org/10.1111/srt.12237.

Lasanen R, Malo MKH, Airaksinen O, Karhu J, Toyras J, Julkunen P.
Infrared thermography reveals effect of working posture on skin
temperature in office workers. J Occup Saf Erg. 2017;1–7.
Organização Mundial do Trabalho. [The prevention of occupational
diseases]

Lis-Swiety A, Miziolek B, Ranosz-Janicka I, Bierzynska-Macyszyn G,
Brzezinska-Wcislo L. Thermal imaging and dermoscopy for detect-
ing inflammation in frontal fibrosing alopecia. J Cosmet Dermatol.
2018;17(2):268–73. https://doi.org/10.1111/jocd.12379.

Madhe MPS. Hypo and hyperthyroid disorder detection from thermal
images using Bayesian classifier. International Conference on
Advances in Communication and Computing Technologies.
September, 2014, India; 2014.

New KM, Einstein GP, Tulp OL. Analysis of thermography and breast
cancer prevention among minority women and other ethnic groups.
FASEB J. 2017;31(1_supplement):806.1. https://doi.org/10.1096/
fasebj.31.1_supplement.806.1.

Organização Mundial da Saúde (2013) [The prevention of occupational
diseases]. http://www.ilo.org/public/portugue/region/eurpro/lisbon/
pdf/safeday2013_relatorio.pdf;2013. Acessed 24 April 2018.

Papaléo RM, Teixeira MJ, Brioschi ML. Infrared thermography to eval-
uate pain in a multiple sclerosis patient. Case report. Revista Dor.
2016;17:232–5.

Piligian GJ, Gold JE. The repetitive strain injury process: alterations in
physiology vis-à-vis symptoms. J Orthop Sports Phys Ther.
2012;42(7):660. https://doi.org/10.2519/jospt.2012.0204.

Richardson S. Review of: BThe ergonomics of working postures: models,
methods and cases^. Edited by Nigel Corlett, John Wilson and Ilija
Manenica. Ergonomics. 1987;30(6):1007–8. https://doi.org/10.
1080/00140138708969799.

Rossato M, Burei M, Vettor R. Neck thermography in the differentiation
between diffuse toxic goiter during methimazole treatment and nor-
mal thyroid. Endocrine. 2015;48(3):1016–7. https://doi.org/10.
1007/s12020-014-0305-z.

Rossi C, Sehnem E, Rempel C. Infrared thermography in evaluation of
myofascial trigger points in the shoulder pathologies. Cons Saúde.
2013;12:266–73. https://doi.org/10.5585/ConsSaude.v12n2.4197.

Sheikh R, Memarzadeh K, Torbrand C, Blohmé J, Lindstedt S, Malmsjö
M. Blood perfusion in a full-thickness eyelid flap, investigated by
laser Doppler velocimetry, laser speckle contrast imaging, and ther-
mography. Eplasty. 2018;18.

Szentkuti A, Skala Kavanagh H, Grazio S. Infrared thermography and
image analysis for biomedical use. Period Biol. 2011;113(4):385–
92.

Van Tulder M, Malmivaara A, Koes B. Repetitive strain injury. Lancet.
2007;369(9575):1815–22. https://doi.org/10.1016/S0140-6736(07)
60820-4.

Wu LA, KuoWH, Chen CY, Tsai YS,Wang J. The association of infrared
imaging findings of the breast with prognosis in breast cancer pa-
tients: an observational cohort study. BMC Cancer. 2016;16:541.
https://doi.org/10.1186/s12885-016-2602-9.

Zakian CM, Taylor AM, Ellwood RP, Pretty IA. Occlusal caries detection
by using thermal imaging. J Dent. 2010;38:788–95. https://doi.org/
10.1016/j.jdent.2010.06.010.

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.

Res. Biomed. Eng.

View publication statsView publication stats

https://doi.org/10.1002/jor.20984
https://doi.org/10.1002/jor.20984
https://doi.org/10.1007/s00421-004-1210-6
https://doi.org/10.1007/s00421-004-1210-6
https://doi.org/10.1007/s10916-017-0730-7.
https://doi.org/10.1007/s10916-017-0730-7.
https://doi.org/10.1109/TBME.2008.915731
https://doi.org/10.1109/TBME.2008.915731
https://doi.org/10.1002/msc.1197
https://doi.org/10.1002/msc.1197
https://doi.org/10.1177/147323000903700321
https://doi.org/10.1111/srt.12237
https://doi.org/10.1111/jocd.12379
https://doi.org/10.1096/fasebj.31.1_supplement.806.1
https://doi.org/10.1096/fasebj.31.1_supplement.806.1
http://www.ilo.org/public/portugue/region/eurpro/lisbon/pdf/safeday2013_relatorio.pdf;2013
http://www.ilo.org/public/portugue/region/eurpro/lisbon/pdf/safeday2013_relatorio.pdf;2013
https://doi.org/10.2519/jospt.2012.0204
https://doi.org/10.1080/00140138708969799.
https://doi.org/10.1080/00140138708969799.
https://doi.org/10.1007/s12020-014-0305-z
https://doi.org/10.1007/s12020-014-0305-z
https://doi.org/10.5585/ConsSaude.v12n2.4197
https://doi.org/10.1016/S0140-6736(07)60820-4
https://doi.org/10.1016/S0140-6736(07)60820-4
https://doi.org/10.1186/s12885-016-2602-9
https://doi.org/10.1016/j.jdent.2010.06.010
https://doi.org/10.1016/j.jdent.2010.06.010
https://www.researchgate.net/publication/332329246

	Evaluation of thermal imaging for the diagnosis of repetitive strain injuries of the wrist and hand joints
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Methodology
	Sample
	Ultrasonography examination
	Infrared thermography
	Analysis of infrared images
	Statistical analysis

	Results
	Discussion
	Conclusion
	References


