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Abstract. Infrared imaging has been used to visualize superficial temperatures in industrial employers standing and working in 
an indoor environment at 22oC. Temperature distributions and changes have been recorded digitally and analyzed. Mean skin 
temperatures determined by this method have been compared with superficial temperatures obtained with a probe thermo-
couple. During working hours, surface temperatures were higher over extensor muscles than over other structures and their 
spatial distributions differed dramatically from those observed before working hours. The authors also analyzed the cold water 
immersion of the hands during work. This paper showed that working generates different thermal effects on human skin that 
reflect physiological and pathological occupational conditions and can be monitored by infrared imaging.  
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1.  Introduction 

According to Jones (1998) the infrared thermal 
imaging of the skin has been used for several decades 
to monitor the temperature distribution of human skin 
in medicine, but more recently the infrared imaging 
has found an increasing number of applications in 
engineering and industry. We can cite some studies 
with specific goals, for example the studies of (Gold 
et al., 2010; Heus et al.1995, Enander, 1984); that 
they worked with the skin temperature in the hands 
of office workers in response to typing. Genno 
(1997) proposed the procedure to measure the facial 
skin temperature automatically without physical con-
tact. Piedrahíta et al 2004 consider that the relation-
ship between Musculoskeletal Disorders (MSDs) and 
cold exposure is limited (Holmér, 1994).  

We present this study in order to contribute to the 
implementation of thermometry in the area of 
industrial ergonomics. The main purpose of this 
study was to present a method that can be used to 

study occupational diseases during work at ambient 
temperature. The cause of most work-related diseases 
is not clear and IR imaging can be used to evaluate 
their physiopathology in loco in order to prevent it.  

 

2. Methods 

In order to register the human temperature using 
infrared images, the following methodology was 
adopted in this study: 

Indoors. Experiments were carried out on one day 
in the month of May on the Federal University of 
Paraná, in Mechanical Laboratory, which has a red 
rubber composition surface (Tartan). The track was 
located indoors with the surroundings maintained at 
22.34oC. 

Two workers acted as test subjects (Table 1 gives 
the physical characteristics of the subjects): one, 
M.T., has a record of 2 years of active work, and has 
taken many medical evaluations showing no detecta-
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ble symptoms; the other, J.B., has a record of 10 
years of active work,. Subject M.T. has a work jour-
ney of approximately 8 hr every week-day. J.B. 
works with him on 1 day of the week. The workers 
were filmed with an infrared camera SAT S-160 
(Guangzhou, China) before working hours and at 
frequent intervals during working hours. The camera 
was set up at the side of the workstation. 

� Surface temperatures during working. The 
workers stopped at 15 min intervals for tympan-
ic and skin temperature measurements with a 
thermocouple thermometer. During this time 
they were filmed with the infrared camera so 
that probe readings could be compared with the 
infrared imaging. 
� An Ellab Electric Universal Thermometer 
Type TE3 with a type H1 skin probe was em-
ployed. The sensor was made of 0412 mm mich-
rome and constantan wire stretched between 
metal supports and having a welded junction. In 
still air the temperature of exposed skin could be 
read in 1-2 sec. 
� Water hands working experiments. In order to 
obtain comparable data with cold stress it was 
necessary to analyze the effect of working with 
the hands in the water. The temperature of the 
water was 19.71oC. The worker put his hands in 
the cold water for 5 min before filming again 
three times. Before working, infrared images 
were taken, and skin and tympanic temperatures 
were measured with the probe thermocouple. 
The following situations were then studied. 
� In each situation infrared imaging was taken 
at intervals until skin temperatures had become 
constant. Ellab measurements of skin and tym-
panic temperatures were taken during brief stops 
at intervals of about 15 min. The total running 
time was about 1½h. 
� Thermographic techniques. The SAT S-160 
thermovisor consists of an infrared camera 
coupled to an electronic processor with the 
thermographic image presented in colour on a 
monitor screen. A hundred colours are available 
to represent particular temperatures, and these 
colours may be arranged in any order. For all of 
the present experiments the infrared imaging 
sensitivity was set at 0.1°C between adjacent co-
lours, with black being the coolest and white the 
warmest. It was found that the body surface in-
variably had a temperature range larger than 
10°C and greater sensitivity provided large areas 
of black and white. Additionally, with such an 

increased sensitivity, the infrared imaging pat-
tern was complicated by having very many 
small coloured areas making the analyses diffi-
cult. The SAT S-160 thermovisor was calibrated 
by NIST protocols. 
� All of the infrared images were recorded on 
digital format “img” with the camera set up in 
front of the monitor screen. No measures were 
taken to eliminate reflections from the surround-
ings. The scanning rate on the monitor was 16 
frames/seconds, and the camera, which was pro-
vided with a synchronizer, was run at 8 
frames/seconds. 
� The infrared digital film showed directly the 
changing surface temperature patterns. 35 mm 
transparencies were made from the 16 mm film 
using an Illumitran Copier. 
� These transparencies were subsequently pro-
jected on a white cardboard screen. Tracings of 
the images were made and the areas of similar 
colours cut out and weighed by software. In this 
way the proportions of total projected areas hav-
ing similar temperatures on any particular part 
of the body were determined. By averaging 
these temperatures and their relative areas, val-
ues for mean skin temperatures over various 
body segments were obtained. 
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Table 1 
Physical characteristics of subjects 

 
Physical characteristics 

 
Subject 1 (M.T.) 

 
Subject 2 (J.B) 

Age 31 31 
Height (cm) 179 176 
Weight (kg) 65 69 
Mean skinfold thickness (mm) 4.18 7.1 

 

3. Results        

Figure 1 shows the thermograms of a man in a 
standing posture during his work. The face and arms 
patterns revealed are in accordance with classical 
descriptions. 

The face was warmer and more uniform in tem-
perature than the distal upper limbs. The nose, 
cheeks, and ears were several degrees cooler than 
adjacent areas.  

 

 

Figure 1- Infrared imaging sequence during working. 
 

 
The upper limbs showed longitudinal and trans-

verse temperature gradients, creating a pattern remi-
niscent of, though not identical with the sensory 
nerve distribution. Skin areas over active muscle, 
especially at the dominant arm, were 2-4oC warmer 
than over adjacent areas, especially bone. 

The workers were not sweating during the infra-
red filming. Than this was not a monitored variable 
for the study of the thermograms. 
warmed during the work, showing a high local mus-
cle activity proportional of his working time. 

Infrared digital film showed directly the changing 
surface temperature patterns during working hours. 
The  arm  and  back   extensor   muscles  were  more  
warmed during the work, showing a high local mus-
cle activity proportional of his working time. 

Infrared digital film showed directly the changing 
surface temperature patterns during working hours. 
The  arm  and  back   extensor   muscles  were  more  
warmed during the work, showing a high local mus-
cle activity proportional of his working time. 

 
 
It was possible to identify a tunnel carpal syndrome 
after the cold stress immersion. Although the good 
thermal response of the fingers after cold stress (fin-
gers at 35.19ºC, delta T +10.38ºC) there were not 
adequate at median nerve territory. 

The figure 2 to figure 8 shows the sequence of the 
thermograms of the hands before, during and after 
cold immersion. The figure 2 shows the thermal map 

M.L. Brioschi et al. / The Utilization of Infrared Imaging for Occupational Disease Study 
505



of the hand at 27.5ºC before the work activities. The 
figure 3 shows the cold immersion of the hands on 
the water at 19.71oC. The figure 4 shows Withdraw-
ing iron rings with the Delta T at 1.99ºC.  

In following, putting the cold rings at the rectifier 
unit is showed by figure 5. It was observed that the 
temperature of the hand was at 26.88ºC and the with-
drawing the hot iron rings  was  38.26ºC. In this time 
the Delta T was the 11.38ºC, as shown the figure 6. 

We can see in figure 7 lower temperatures around 
24,81 º C in the blue color of the fingers. And the 
figure was observed the Hyperemic reaction of the 
fingers after cold stimulus. 

  
 

 

Figure 2.  Hand at 27.5ºC before the work activities 

. 

 

 

     Figure 3. Immersion of the hands on the water. 

 

        Figure 4. Withdrawing iron rings from the cold water at 
               19.71ºC. Delta T 1.99ºC. 
 

 

 
 
        Figure 5. Putting the cold rings at the rectifier unit. 
 

 

  Figure 6. Cold hand (26.88ºC) withdrawing the hot iron 
              rings (38.26ºC). Delta T 11.38ºC. 

 
 

 
 
         Figure 7. Cold fingers at 24.81ºC 
 

    
 
   Figure 8. Hyperemic reaction of the fingers. 
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It is possible to see after cold immersion the reac-
tive hyperemia phenomena by the high warming of 
the hands. The Figure 9 shows it graphically compar-
ing the hand and arm temperature during the cold 
immersion. 

By an automatic function, it was possible to ob-
serve the maximum temperature point indicating the 
suspicious areas 
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Figure 9. Thermal profile of the hands during and after cold 

immersion. 

4. Discussion 

   
This paper showed that working generates differ-

ent thermal effects on human skin that reflect physio-
logical and pathological occupational conditions.  
 

By infrared imaging was possible to monitor di-
rectly the changing surface temperature patterns dur-
ing working hours. The extensor muscles were more 
warmed during the work, showing a high local mus-
cle activity proportional of his working time. 

Many authors have published papers on the impor-
tance of thermography for the study of occupational 
vasoneurosis (Acciarri et al., 1976; Chucker et al., 
1971; Scabardi et al., 1975; Tilila, 1970; Chudacek, 
1977). This disease occurs often in patients with a 
thermal gradient between the carpometacarpal region 
and the fingers after cold immersion that after this 
test it is below the initial level. The temperature of 
the hands is fluctuating (rising and falling), but 45 
minutes after cold immersion, the temperature is be-
low the initial level, it is called Raynaud phenome-
non.  

In our paper we presented a normal worker with-
out symptoms of occupational vasoneurosis. In this 
subject the temperature of both hands was fast and 

steadily rising and almost reached the initial level 
after 5 minutes before being submitted to hands cold 
immersion again. But after 30 minutes of repetitive 
immersion it was possible to see the temperature ex-
ceeding 7oC the initial level. And also identify an 
asymptomatic median nerve compression thermal 
pattern at hands, named carpal tunnel syndrome.  

People experience cold temperatures as a result of 
hands immersion in low water temperatures during 
work (Pienimäki, 2000), from touching cooled or 
frozen products in cold stores (Piedrahíta et al., 2004). 
The resulting skin temperatures from cold environ-
ments present a health and safety risk in terms of 
pain and discomfort, numbness, and even skin dam-
age (Daniels, 1956; Chen et al., 1994; Enander, 1986; 
Havenith et al., 1995). When a person is exposed to 
cold, there tends to be vasoconstriction in the peri-
pheral musculature (Ducarme and Tikuisis, 1991), as 
well as in the skin (Berne et al., 2004), due to heat 
loss. As a result, the blood flow to the extremities is 
reduced even when the hand is exposed to midly cold 
temperatures such as 15-25oC (Daanen, 1997). The 
reduction in blood flow may be the cause for losses 
in tactile sensitivity (Provins and Morton, 1960), re-
duced manual performance, grip strength (Holewijn 
and Heus, 1992; Giesbrecht et al., 1995; Geng, 2001, 
Powell et al., 2000) and increased risk of accidents 
(Enander, 1984; Havenith et al., 1995; Heus et al., 
1995; Geng et al., 2001). Morton and Provins (1960) 
have found that tactile sensitivity is an L-shaped 
function of skin temperature and that each individual 
has a relatively sharp critical temperature at which 
performance deteriorates significantly. This reduction 
of sensitivity makes small-object manipulation diffi-
cult. Hence, assembly, typing, and small-repair tasks 
can be adversely affected by cold temperatures if no 
proper protection is used. Dexterityis decreased when 
finger temperatures are less than 16oC (Clark, 1961; 
Havenith et al.,1995; Gaydos and Dusek, 1958). 

Onset of pain has been reported when the contact 
temperature is around 15oC(Geng et al., 2006; Mal-
chaire et al., 2002; Havenith et al., 1992, 1995) with 
a signicant deterioration of tactile discrimination 
when skin temperatures are less than 8oC, with 
numbness inapproximately one-third of the subjects 
at 7oC (Morton and Provins, 1960) and a frostbite 
threshold at a contact temperature of 0oC (Geng et al., 
2006). Brajkovic et al.(1998) define the comfortable 
temperature for fingers to be greater than 23oC. In 
this study, we attempted to investigate the thermal 
pattern of the hands in cold immersion. And we ob-
served that although the employee was working 
without protection of the hands at cold water, 19oC, 
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he presented a normal vasodilatation reflex of the 
fingers. 

Cold exposure seems to be a causative and contri-
buting factor for tenosynovitis. The risk of carpal 
tunnel disease in repetitive work increases fivefold 
when working in a cold environment (Pienimäki, 
2000). 

Infrared thermography is a mean to study occupa-
tional abnormal thermal patterns without interfering 
with the work. 

It is known that skin temperatures are more varia-
ble in range and distribution at ambient temperatures 
between 10 and 20oC than they are in a warmer envi-
ronment (Clark et al., 1977). In this investigation the 
over-all range of the exposed skin temperature was at 
22oC. 

The variation within exposed body regions was 
generally about 5oC, although there was as much 
variation in certain regions, such as the hands as in 
the head and neck taken together, more than 10oC. 

The higher mean skin temperature over the arms 
muscles during work are taken to imply that it was 
dependent on skin surface blood flow for heat loss 
because of direct heat conduction from the muscles 
to the skin surface made possible by thinness. This 
suggests that the total peripheral resistance was main-
tained and therefore more blood was available for the 
working muscles.  

Skin temperature has the greatest potential for au-
tomatic continuous measurement without physical 
contact, and it is thought to be an effective means for 
evaluating diseases because autonomic nerve activity 
associated with vascular, muscle, tendons and nerve 
disturbances causes skin temperature to vary. Accor-
dingly, the authors looked toward exposed skin tem-
perature of the arms, independently of their move-
ments is easy to measure, in developing a method of 
evaluating occupational diseases through skin tem-
perature during work. 

5. Conclusion 

 
 The method proposed in the present study 

enables continuous, non-contact skin temperature 
measurement at any location of the exposed human 
body during work at ambient temperature to evaluate 
occupational disease. This method can be combined 
with a method that identifies abnormal thermal pro-
files to prevent disease automatically. 

 Unfortunately, the system has some limita-
tions because it depends on skin exposition that is not 
possible in all situations. Therefore, the next step in 
this line of research will be to evaluate more diseases, 
adjusting the different individual metabolisms and 
ambient temperature by a newly proposed dimen-
sionless method. 
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