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Detection of carpal tunnel syndrome by infrared thermography
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Abstract – The aim of this study is to approach the possibilities of stimulated infrared thermography to
the carpal tunnel syndrome diagnosis. Eleven patients were studied. Six of them were affected by the carpal
tunnel syndrome. The five others were healthy. The study consists in exciting the patients’ hands and in
analyzing their thermal response. The infrared thermograms obtained show that the hands infected by the
carpal tunnel syndrome give a different thermal response.
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1 Introduction

The carpal tunnel syndrome is the result of the me-
dian nerve compression [1]. At first, the pain from carpal
tunnel syndrome comes with a loss of feelings in the first
three fingers (thumb, index finger, and the middle fin-
ger). Actually the front of those three fingers corresponds
to the median nerve innervation (Fig. 1)

The syndrome often settles in a progressive manner.
The first signs appear at night and during manual works,
but they easily go away by gently hand shaking. As for
the loss of feeling, it can be clinically reproduced by tests
as Tinel’s, Phalen’s and Phalen reverse [2–5]. The evolu-
tion of the pathology makes those signs permanent. More-
over, those manifestations can be strengthened by a dif-
ficulty to hold objects; this means that the motor region
of the nerve is affected. In this case, an electromyogram
is often prescribed because it should bring a medico-legal
evidence to attempt a surgery. But this is an invasive
technique and appears to give no additional reliable di-
agnosis [6–8]. In the statistics of the professional troubles
entitled to compensation, the carpal tunnel syndrome is
the most frequent with a rate of 37% in 2002 for occu-
pational disease referenced [9, 10]. Even if in 50% of the
case, the syndrome is idiopathic, some of the traumatic
and micro-traumatic causes can be caused by professional
attitudes such as typing, for a long time, repeated fin-
gers movements and the usual use of vibrating tools [11].
As the objectification of the carpal tunnel syndrome by
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Fig. 1. The different sensitive areas of the anterior face of the
hand and corresponding nerves.

electromyogram is invasive and no more trustworthy than
usual clinical tests, it seems interesting to explore other
potential diagnosis ways. The infrared thermography is
a non-destructive testing already widely used to support
medical diagnosis [12–23]. With this in mind, the aim of
this tool is to detect any human body thermal changes.
For a carpal tunnel syndrome, a lot of experimentation
proves that the sympathetic nervous system quota related
to the median nerve is the first to be injured [24, 25].
It creates vasomotor troubles in the hand and so, po-
tentially, local thermal variations. It seems then that us-
ing infrared thermography is a good candidate to analyze
these variations [26–33]. Furthermore, the carpal tunnel
syndrome first injures the non myelinated nerve fibers
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and this type of fiber cannot be detected by an elec-
tromyogram, which can only find the myelin sheath of
the neurons [34]. This means that the infrared thermog-
raphy should be able to detect the syndrome earlier. To
finish, this control method is non-destructive and anal-
ysis allows remote-control without contact. For all those
reasons we thought it was interesting to explore the pos-
sibilities towards detecting carpal tunnel syndrome given
by the infrared thermography. Our presentation is com-
posed of four parts, to begin with, we will explain the way
we recruited the patients, then we will expose the experi-
mental protocol, next we will present the results. Finally,
we will draw conclusions.

2 Experimental conditions required

2.1 Choice and recruitment of patient cohort
who participated in the study

We contacted health professionals (neurologist, gen-
eralists, and rheumatologists from Paris’s region and
from the Osteopathic Clinic of the “Osteopathic supe-
rior school”) that could encounter people suffering from
a carpal tunnel syndrome. First of all we informed them
with a written paper about the goal of the research and
the way the study would take place. Then, we gave them
a document to inform their patient that would be sus-
ceptible to correspond to our need. At the term of this
first phase, which lasted for a month, six pathological pa-
tients contacted us. All patients met the selection crite-
ria that we set. These are: the carpal tunnel syndrome
should be diagnosed by electromyography (EMG). Pa-
tients should not have mobility problem, because these
patients may have venous return trouble related to hypo-
mobility. Patients should perform normal activities. Pa-
tients should not suffer from anxiety, depression and have
no social problem. Patients had to have no pathology as-
sociated with carpal tunnel syndrome to analyze the dis-
ease only. We then listed the following diseases: infections
with febrile syndrome, metabolic disorders, hormonal dis-
eases, rheumatoid arthritis, tuberculosis, syringomyelia,
multiple sclerosis, cervical radiculopathy, lateral sclerosis,
neck amyotrophy, Raynaud’s disease, cancer, unconsoli-
dated fracture, trauma for less than three weeks. Patients
had to be in the central nervous system (taking neurolep-
tics or benzodiazepines) drug treatment, so as not to dis-
rupt the distribution of body temperature. Patients could
not have peripheral nervous system medication (vasodila-
tor, antihypertensive) in order not to disrupt the sympa-
thetic vasoconstrictor response and thus again the human
body temperature medication. Patients could not be un-
der osteopathic treatment as leading again, by disruption
of the central and peripheral nervous systems, to a change
in body temperature. Patients could not be in menstru-
ation process, so as not to alter with hormonal modifi-
cation the body temperature. Patients could not have be
taking anti-inflammatory drugs orally or by infiltration
for less than three months, as these treatments lead to a
reduction of the signs of carpal tunnel syndrome, which

obviously distort the measurements. Patients could not
participate at the time of analysis to an other biomedical
research, so as not to cause interference and false diag-
noses. Finally, patients had to agree to comply with the
study constraints. At the end of the recruitment phase,
we selected eleven patients. Of these, six patients met our
selection criteria and had a carpal tunnel syndrome diag-
nosed by electromyography. The other five were healthy
subjects, showing no entrapment.

2.2 Preliminary constraints imposed to patients

Before the thermography examination, and in order
not to create interference, we had to propose constraints
to the patients:

– Not to apply topical skin medication where the anal-
ysis should be performed.

– Not to smoke in the hours before the examination.
– Not to take a big meal for a few hours before the

examination.
– Not to drink large amounts of coffee or tea in the hours

before examination.
– Not to wear tight clothes.
– Not to perform an intense exercise for a few hours

before the test.
– Not to have received physiotherapy (electrotherapy,

ultrasound, thermotherapy, cryotherapy, massage and
hydrotherapy): treatments with cutaneous thermal ef-
fects that can last 4–6 h after administration.

2.3 Experimental protocol followed

2.3.1 Environmental conditions selected for the study

The experimental protocol we followed is the one usu-
ally used for medical analysis by infrared thermogra-
phy [12–21]. First of all, to avoid vasomotion phenomena
we set the temperature of the room at 22 ◦C (+/− 1 ◦C).
In fact, the temperature of the examination room is an im-
portant element for influencing the state vascularization
of skin [22]. We ensured that the experimental area was
subjected to a low air exchange. We verified that humidity
was maintained to a comfort zone that is to say between
40% and 70%. In our study, it was typically around 50%.
We also sought to develop our analysis in part of sufficient
dimensions, allowing some thermal stability. In our case
study, these were about 10 m × 8 m × 2.5 m. Finally, for
patients’ comfort and therefore to avoid generating dis-
ruptive thermal stress, we put a comfortable chair placed
beside the analysis table on which the patient sat with
both dorsal side hands on the table (Fig. 2).

2.3.2 Choice and implementation of infrared thermography
camera

At this point of the study, we had to choose the type
of camera using infrared thermography and equipment
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Fig. 2. Layout of the experimental area.

Fig. 3. The infrared camera of thermography used.

to associate. To do this, we first considered the radiative
properties of human skin [35]. A literature study shows
that human skin has a maximum emissivity in a wave-
length band between 7 µm and 10 µm. This value is ap-
proximately 0.95. As also the temperature of the scanned
object is close to room temperature, it is therefore natural
to a thermography camera “long waves” that we chose. In
addition, the thermal phenomenon being studied rather
slowly, it seemed sufficient to implement a bolometer ar-
ray camera. So this is a camera-type A320 series27 that
was used for this study (Fig. 3).

This infrared camera of thermography was mounted
on a tripod of studio, to allow easy adjustment and re-
producibility tests. The distance camera-hand was fixed
at 90 cm beginning of the day and to have images of radio-
metric quality, we took care to put on the camera thirty
minutes before the first study. Thus, during the study the
camera was in thermal equilibrium with its environment.
Regarding the area taken, we standardized as done for
example in radiology. It was attached to a square area
of 50 cm side. The camera position was chosen to take
advantage of the isotropic emission of the skin. So we set
the camera perpendicularly to the analyzed hand. The
support on which hands were placed was chosen poly-
methylmethacrylate (Plexiglas). Indeed, this material is
low effusive thermally, so it will not disrupt the low tem-
perature distribution in the hands analyzed. Moreover, it
also provides a solid background that allows better read-
ing thermograms.

2.3.3 Patient management

The progress of the experiment was as follows: first
the patient was invited to read the experimental proto-
col, and then to sign in duplicate. This step was to build
confidence and thus reduce temperature changes poten-
tially generated by stress. It also aimed to verify that the
patient had not consumed stimulant (coffee, tea, soda)
or smoked tobacco within two hours before the experi-
ment. He was then invited to wash his hands with soap
with a neutral pH. The objective of this phase was to re-
move a potential greasy film covering the hands, which
can lead to local emissivity variations. The hands were
then wiped with paper towels. Obviously, the patient was
asked after this step not to touch anything. The patient
was then asked to sit in the analysis room, positioning
his hands on the analysis table, dorsal side on the table
on a plate of polymethylmethacrylate, on which markers
were placed to help an accurate and reproducible posi-
tioning of the hands. The table height was adjusted to
the patient so that it was comfortable. This was to pre-
vent an additional stress and a possible back pain onset.
The height of the camera was then adjusted to meet the
distance camera-hand defined by the protocol. Finally, the
thermography recording could take place. Once the pre-
viously mentioned precautions taken, the recording could
begin. The experimental protocol was then as follow: im-
mediately after washing and drying hands, the patient
was asked to place his hands on the plate of polymethyl-
methacrylate. To assist in good positioning of the latter,
reference points were marked on the plate. This initial
phase was a learning stage aimed to learn the actions to
be followed in the analysis. A first thermogram named t0
was acquired at this point. This phase, as showing the
progress of the analysis, was also intended to reassure the
patient. Then, the patient was asked to place the palmar
surface of both hands on ice blocks for 60 s. This analysis
phase aimed to cause sympathetic nerve stimulation. This
type of excitation has been used by Nabel et al. [36] to
study coronary arteries vasomotion. It seemed to us a pos-
sible use for this study. After this stimulation phase the
patient was asked to put his hands on the analysis table.
A succession of taking infrared views was then developed.
These were spaced about 30 s. The first is denoted t1 in
the remainder of this article, the second t2 and so on un-
til t22 to analyze the longest.

3 Experimental results

At first, we studied a healthy patient cohort. They
were five. In the Figure 4, we present thermograms ob-
tained thanks to one patient’s analysis. The first thermo-
gram was made just after washing and drying the hands.
It shows two thermal signatures rather symmetrical. For
both hands hypothenar areas are warmer than the thenar
areas. Moreover, the fingertips also seem warmer than the
first phalanges of these (it may be slightly warmer for the
right hand). The following thermograms correspond to
moments 0 s, 30 s, 60 s, 90 s, 120 s, 150 s and 180 s after
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Fig. 4. Thermograms obtained in the study of healthy subjects, after washing hands, after contact with the ice blocks then 30 s,
60 s, 90 s, 120 s, 150 s and 180 s after it.

Fig. 5. Thermograms obtained in the study of healthy sub-
jects, 180 s after contact with the ice blocks.

contact with the ice blocks. We show first that this con-
tact has resulted in a decrease of temperature of parts of
the hands that were in good contact with the ice. Here,
it is especially the hands palms. They show then a grad-
ual warming in these areas, but always symmetrically for
both hands.

In Figure 6, we have a thermogram of the five healthy
patients after they put their hands on ice cubes for 240 s.
We can clearly see that the temperature of the patient is
symmetrical in all results.

For the second part of the testing, we called the pa-
tients that presented the carpal tunnel syndrome, we
had six of them. On Figure 7, we present the results we
had thanks to those patients. In this case, the patient pre-
sented the carpal tunnel syndrome on the right hand. He
told us that he was suffering from nightly paresthesia in
the two first fingers (thumb and index). We recall that
if the patient is healthy, the temperature in both hand
is rather symmetrical, then the thermal excitation shows

some cooler spots at the contact between hand and ice.
Here we notice that at the extremity of thumb and index,
the cold was getting slower than on the other fingers. This
result helps us to prove that a carpal tunnel syndrome can
cause a vasomotion trouble in the first two fingers, that
is to say where the paresthesia is felt.

After we had those results with a patient suffering
from a carpal tunnel syndrome, localized in the first two
fingers because of the anatomical variation of the median
nerve. We decided to present an other patient that pre-
sented an other anatomical variation of that same nerve.
This variation is more common and implies the first three
fingers. The results are in the fifth and sixth pictures.
Figure 8 shows all the thermal kinetics during the study.
Picture 9 is concentrated on the 90th s. Figure 9 shows
rather symmetrical thermal hands and then the thermal
influence with the ice cube contact. Finally it enlightens
the fact that the three fingers have different answers to
get their normal temperature again. This is where the
carpal tunnel syndrome was diagnosed. Thanks to those
two patients we can deduce that the infrared technique is
sensitive to the median nerve variation.

At last, we had to determine criteria to differentiate
the patient suffering from the carpal tunnel syndrome
from the healthy one. With that in mind, we first had
to calculate the hands’ basic temperature. This temper-
ature is the one equal to the temperature of the thumb
and the index, from which we subtract the temperature
of the ring and last fingers. In the case of a healthy hand,
the temperature is approximately 0 ◦C and quite homo-
geneous. If the patient presents a carpal tunnel syndrome,
the difference increases because the thermal behaviour of
the hand is different. Figure 10 is a table where we show
the results for the eleven patients we had. We can see
that the variation of the temperature is weak for healthy
patients and increases for pathological patients. It also
proves that the variation of temperature should be above
or under 0 ◦C. It corresponds to a vasoconstriction or
vasodilatation of the veins.
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Fig. 6. Thermograms obtained after the patients hands were on the ice for 240 s.

Fig. 7. Thermograms obtained with a patient suffering from a carpal tunnel syndrome in the right hand, after he washed his
hands and put them on ice cubes; then pictures were taken at 30 s, 60 s, 90 s, 120 s, 150 s, 180 s and 240 s.



368 X. Maxel et al.: Mechanics & Industry 15, 363–370 (2014)

Fig. 8. Thermograms obtained with a patient suffering from a carpal tunnel syndrome in the right hand, after he washed his
hands and put them on ice cubes then pictures were taken at 30 s, 60 s, 90 s, 120 s, 150 s, 180 s and 240 s.

Fig. 9. Thermogram obtained during the study of a subject
diagnosed with carpal tunnel syndrome in three fingers of the
right hand, at 90 s after contact with ice blocks.

4 Conclusion

In this work, we approached the possibilities of stim-
ulated infrared thermography for carpal tunnel syndrome

detection. We first reported, following a literature review
that can cause arteriolar vasomotion hand. Indeed, the
sympathetic quota led by the median nerve has no myelin
sheath, making them more susceptible to compression. It
then modifies the threshold of excitability of nerve fibers
based on these phenomena and therefore bloodstream.
But a change in the circulation can cause a variation of
the hand temperature, which is then detected by infrared
thermography. Moreover, the sensory nerve fibers are sur-
rounded by a myelin sheath; they will be affected later
than the sympathetic fibers. Infrared thermography could
allow early detection of the disease carpal tunnel. More-
over, the conventional method (EMG) is recognized 82%
reliable only. As also it is invasive, it is worth trying to find
a way of non-invasive diagnosis and why not more reliable.
Thermography can in fact be a candidate. We then pro-
posed an experimental protocol to be more rigorous and
repeatable as possible. We explained the choice of a “long
waves” infrared thermography camera. In the fourth step,
we showed that the fingers with a carpal tunnel syndrome
had a different thermal behavior, which enables the de-
tection of the disease. At this stage, we showed also that
the method allowed detection of anatomical variation on
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Patient ΔT Right hand ΔT Left hand

healthy subject 1 0.9 –0.4

healthy subject 2 –0.8 –0.1

healthy subject 3 0.6 0.2

healthy subject 4 –0.1 0

healthy subject 5 0 –1.5

carpal tunnel syndrome 1 (Right) 16.2 0

carpal tunnel syndrome 2 (Right) 3.6 0.8

carpal tunnel syndrome 3 (Right) 13.3 0.1

carpal tunnel syndrome 4 (Right) 9.3 1.8

carpal tunnel syndrome 5 (Right and Left) 7.8 13.9

carpal tunnel syndrome 6 (Right and Left) 3.8 –12.6

Fig. 10. Difference in characteristic measured temperature in both hands healthy and diseased patients studied.

the distribution of the median nerve. In the fifth step,
we proposed a quantification of the detection method. To
do that, we defined a characteristic temperature variation
and showed that it was close to zero for healthy subjects
and higher for pathological subjects. This study of a co-
hort of restricted patient now needs to be generalized.
Moreover, the robustness of the latter should be studied.
It would be interesting to understand why the thermal sig-
nature of the carpal tunnel syndrome was generally pos-
itive but also negative in a particular case. It would also
be interesting to investigate the cause of the kinetics of
thermal reactions different from one patient to an other.
It would still be necessary to optimize the experimental
protocol (duration excitement, excitement type, duration
analysis, type of post-processing. . . ). Finally, the influ-
ence and pertinence of selected exclusion criteria during
this study should be considered as well. Studies in this
direction are underway.
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de rhumatologie. Masson : Paris, 2002

[12] A.J. Baillie, P.A. Biagioni, A. Forysth, J.J. Garioch, D.
McPherson, Thermographic assessment of patch-test re-
sponses, Br. J. Dermatol. 122 (1990) 351–360

[13] M. Bharara, J.E. Cobb, D.J. Claremont, Thermography
and thermometry in the assessment of diabetic neuro-
pathic foot: a case for furthering the role of thermal tech-
niques, Int. J. Low Extrem. Wounds 5 (2006) 250–260

[14] D. Bitar, A. Goubar, J.C. Desenclos, International travels
and fever screening during epidemics: a literature review
on the effectiveness and potential use of non-contact in-
frared thermometers, Eurosurveillance 14 (2009) 1–5

[15] T.M. Buzug, S. Schumann, L. Pfaffmann, U. Reinhold, J.
Ruhlmann, Functional Infrared Imaging for Skin-Cancer
Screening, Conf. Proc. IEEE Eng. Med. Biol. Soc. 1
(2006) 2766–2769

[16] J. Forestier, A. Kuerth, E. Niederstrasser, E. Krautwald,
R. Pauli, R. Paulat, M. Eweleit, G. Riemekasten, M.
Worm, A cold-response index for the assessment of
Raynaud’s phenomenon, J Dermatol. Sci. 45 (2007)
113−120

[17] M. Hartmann, J. Kunze, S. Friedel, Telethermography
in the diagnostics and management of malignant
melanomas, J. Dermatol. Surg. Oncol. 7 (1981) 213–218

[18] J.F. Head, R.L. Elliott, Infrared imaging: making
progress in fulfilling its medical promise, IEEE Eng. Med.
Biol. Mag. 21 (2002) 80–85

[19] A. Renkielska, A. Nowakowoski, M. Kaczmarek, J.
Ruminski, Burn depths evaluation based on active dy-
namic IR thermal imaging – a preliminary study, Burns
32 (2006) 867–875

[20] E.F. Ring, J.M. Engel, D.P. Page-Thomas, Thermologic:
methods in clinical pharmacology-skin temperature mea-
surement in drug trials, Int. J. Clin. Pharmacol. Ther.
Toxicol. 22 (1984) 20–24

[21] K. Siniewicz, B. Wiecek, J. Baszczynski, S. Zwolenik,
The importance of thermovision in children with ortho-
static cardiovascular disorders before and after directed

http://www.inrs-mp.fr
http://www.inrs-mp.fr


370 X. Maxel et al.: Mechanics & Industry 15, 363–370 (2014)

physical exercises, a casebook of infrared imaging in clin-
ical medicine, Med. Press. (2003), 87–93

[22] Z. Ming, N. Zaproudina, J. Siivola, U. Nousiainen,
S. Pietikainen, Sympathetic pathology evidenced by
hand thermal anomalies in carpal tunnel syndrome,
Pathophysiology 12 (2005) 137–141

[23] S. Tchou, J.F. Costich, R.C. Burgess, C.E. Wexler,
Thermographic observations in unilateral carpal tunnel
syndrome: Report of 61 cases, J. Hand Surg. 17 (1992)
631–637

[24] Z. Ming, J. Siivola, S. Pietikainen, M. Närhi, O.
Hänninen, Postoperative relieve of abnormal vasoregula-
tion in carpal tunnel syndrome, Clin. Neurol. Neurosurg.
109 (2007) 413–417

[25] E. Lang, D. Claus, B. Neundörfer, H.O. Handwerker,
Parameters of thick and thin nerve-fiber functions as pre-
dictors of pain in carpal tunnel syndrome, Pain 60 (1995)
295–302
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