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ABSTRACT

This research study deals with the application of sensory thermography on workers of the textile industry who are
working in areas where they do Highly Repetitive Movements (HRM). Objectives: To analyze those with variations
of temperature generated in the wrist area during a period operation of 2 hours 30, showing the feasibility of the
implementation of the sensory thermography in this area evaluated. Methodology: A total of the workers of the
workstation called high risk were evaluated, where 3 men and 3 women (they showed Carpal Tunnel Syndrome CTS
of their dominant hand), who carried out their normal activity using a defined protocol for this experiment. Results:
The maximum temperature was obtained in the experiment of the worker 3 in the right wrist with 35.586°C attained
in the time of 1 h 34 min 21; and in the worker 6 was obtained in the left wrist with 34.633°C for a period of 1 h 34
min 56. Conclusions: We conclude that in 86% of the cases analyzed in both wrists, there was similarity in patterns
of temperature from a wrist to another regardless of the gender and of their dominant hand. All data adjust to the
distributions of the three parameters Weibull and Weibull for the wrists.
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INTRODUCTION

Musculoskeletal disorders (MSDs), including those localized to the Upper Extremity Musculoskeletal Disorders
(UEMSDs) such as CTS and forearm tendinitis, are common, widespread and disabling. They comprised 29% of the
approximately 1.2 million total workplace illnesses and injuries resulting in lost days from work in 2007 in the
United States (BLS, 2008). In a general European working population (Andersen et al., 2007), found neck/shoulder
pain prevalence of approximately 30—50% and arm pain prevalence of 11-28%. In service sector workers, slightly
lower prevalence’s prevailed. 51% of workers in the European Union used a computer at work in 2005, with an
annual growth rate ranging from 3% to 4% (Demunter, 2006).

It has long been known that repetitive motions of the different anatomical structures of the hand and upper
extremities can cause injury and disability of one or both limbs. The National Institute of Occupational Safety and
Health. Estimates that over 20% of the labor force involved in jobs of repetitive nature is at risk of developing
Cumulative Trauma Disorder (Mallory and Bradford, 1989). The most common forms of Cumulative Trauma
Disorder (CTDs) are: Tendonitis, tenosynovitis, epicondylitis, bursitis, and CTS. The latter is disabling condition of
the hand(s) that can be caused, precipitated, or aggravated by repetitive motions combined with forceful and/or

awkward postures (Putz, 1988; Tichauer, 1986). CTS are a specific form of neuropathy in which nerve injury results
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from compression of neighboring anatomical structures. It occurs up to 10 times with more frequency in women
than men, and it is often seen concomitant to hysterectomy, diabetes mellitus, ophorectomy, and pregnancy
(Armstrong, 1983; Benson and Dermott, 1987; Cannon et al., 1981; Hymovich et al., 1966; Phalen, 1966).

Although CTDs are believed to occur in a relatively large segment of the population, they generally go
underreported in industry because workers may not associate the symptoms with their jobs, especially when there
occur at night after they have left their jobs. In addition, some workers may not report their symptoms for fear of
loosing their jobs, or being placed in another area if they complain (Armstrong and Graffon, 1979).

Thermography is a noninvasive technique without biologic hazard. It detects, measures, and converts invisible,
surface body heat into a visible display, which is then photographed or videotaped as a permanent record. It
graphically depicts temperature gradients over a given body surface are at a given time and has been used to study
biologic thermoregulatory abnormalities directly or indirectly influencing skin temperature (Feldman, 1991).
Infrared thermography (IR) is widely used to display temperature patterns on the surfaces of the skin by taking
pictures (Zontak et al., 1998), unlike thermography sensory which bases its operation as its name says in sensors.
This technology has its historical basis in the development of underwater digital temperature recorders used to
measure the temperature under the water in natural environments, and with potential applications in areas such as
oceanography, marine ecology, and industry, among others (Lépez, 1992).

The contribution of this paper is to analyze and evaluate the variation in body temperature generated in the wrist
area with RW and LW through sensory thermography and potential symptoms, emulating an operation of the textile
industry with repetitive motion. Also, prove if the data adjusts to a normal distribution and/or what type of
distribution, carrying out tests for normality and distribution adjustments based on the data. This investigation
allowed the making of questions as: What is the behavior of the temperatures of workers to perform highly repetitive
motion over a period of time of 2 hours and 30 minutes? What are the maximum temperatures (Tmax) achieved and
its symptoms? Do the temperatures show a similarity on the patterns? Data fit a third order polynomial? What type
of distribution data stick?

A review of the state of the art research or sensory thermography applications so far not has been found, but the IR
which serves as reference for this research study.

Changes in body surface heat have interested physicians since the days of Hippocrates (Feldman, 1991). It took
another 100 years to develop infrared technology, but in then became a classified World War II priority not to be
released until 1960s (Accairri et al., 1978; Berthold, 1986; Brelsford and Uematsu, 1985).

Therefore it look over 4000 years-from heat estimation by touch when “fingers did the scanning,” to sixteenth
century thermometry, and then another three centuries before thermometers became a staple of medical practice-to
arrive at thermography, today’s thermometry of the skin surface. The body’s thermal homeostasis and central
control of surface temperature is maintained by a hypothalamic regulating center operating through feedback
mechanisms (AMA Council Report, 1987). Both sides of the body are affected uniformly and simultaneously; thus,
thermal symmetry is the hallmark of normality, whereas skin surface asymmetry strongly suggests abnormality
(Feldman, 1991).

The skin is one of the body’s chief thermoregulators via its large vascular network and associated complex of nerve
fibers which together control blood flow within millimeters of the body surface. Superficial perfusion is largely
influenced by the sympathetic nervous system. When stimulated by nerve root or peripheral nerve irritation, the
sympathetic nervous system causes active vasoconstriction and decreased skin temperature, whereas it greater
compromise or complete interruption causes vasodilatation and increased skin temperature. Up to date, the two most
commonly used heat detection systems in clinical practice include infrared telethermography and liquid crystal
contact thermography (Feldman, 1991).

A review of the state of the art research or sensory thermography applications so far have not been found, but only
for the IR which serve as reference for this research study.

The thermography scan can calculate temperature changes in small parts of the body surface. They illustrated the
contribution of the IR in diagnosing and corroborating acute, recurrent and chronic clinical symptoms (Feldman,
1991). A study was published to characterize the effect of exercise (balance for 15 min) and responses in the skin
temperatures in people with and without carpal tunnel syndrome (Tchou et al., 1992). It was also published a study
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characterizing the effect of exercise (on an ergonomics bike) and responses in the skin temperatures due to
controlled levels of exercise and temperature conditions (Zontak et al., 1998).

A study was published on the detection of breast cancer by thermography, which has become a powerful tool in
conjunction with mammography for diagnostic purposes. Breast cancer is one of the most common diseases among
women around the world in these times and is caused by epithelial cells (Dixon et al., 1999). In recent times, its
applications have extended to fields such as engineering and in particular to medicine. It is passive in nature and
because of that, will not emit any radiation that could harm the patient or put him in some kind of risk. The ideal
temperature for making thermal images is between 20 and 25°C, and as to the percentage of moisture, this must be
between 40% and 60% (Ng and Kaw, 2005).

Another study which was aimed to characterize the differences in skin temperatures of between three groups of
office workers assessed by dynamic thermography (writing of 9 min). Post-typing differences in skin temperature in
response to a 9 min typing challenge were detectable through infrared thermography in three groups of office
workers: asymptomatic controls, those with distal UEMSDs without cold hands, and those with distal UEMSDs
with cold hands (Gold et al., 2004).

Another study aimed to examine the suitability of using mean dorsal hand skin temperature, before and after a short
typing task as an indicator of UEMSD severity. It demonstrated a reliable physicologic method of determining
UEMSD severity in office workers through the measurement of dorsal hand temperature using IR under a controlled
ambient environment from 18 to 22°C recommended (Wolf et al., 2009).

A study was published about an analysis of carpal tunnel syndrome developed in the military population of the
United States which showed a predominant significance of the group of military women. The unadjusted incidence
rate of carpal tunnel diagnoses in our population was 3.98 per 1,000 person-years. The adjusted incidence rate ratio
for >= 40 year-old group with the < 20 year-old group as the referent category was 11.63 (95% CI, 10.90, 12.41)
(Gold et al., 2009).

A study was published to estimate the temperature conditions that could cause mental stress, this by immersing both
hands in a container of water at a temperature of 3°C (Kim et al., 2006). In addition, a study was published about a
professional swimmer, and reflected the skin temperature analysis, in which temperatures were analysed with regard
to the swimming styles developed in the experiment (Zaidi et al., 2007).

A study was published to determine the thermographic changes in temperature associated with the elderly and young
people. Which consisted of knee flexion with weight of 1 kilogram added to it during 3 minutes? The results
contribute to improve the understanding about temperature changes in elderly people (Ferreira et al., 2008). Note
that it is mentioned that for a cumulative trauma disorder can be detected, this must have developed well in advance.
It's so that a clinical criteria has limited use in developing a model of prevention, in early detection, and the
minimization of days lost due to disability (Young et al., 1995).

The contents of this paper are organized as follows: initially presents a general introduction to CTD, IR. Then it
shows the materials and methods. Then, results are presented, and finally the conclusion and future research on the
topic.

MATERIALS

The material and equipment used in this research study were the following: Digital Skoll thermograph with 4
sensors with a temperature range of 0°C to 40°C, precision +0.3°C, and a resolution of 0.1°C (Ldpez, 1992);
micropore tape; adhesive tape; stop watch; personal computer. For programming the thermographers, the Akela
program was used. Lastly, Minitab®16 and Microsoft® Office Excel 2008 statistical packages were utilized.
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METHODS

The experiment was applied to 6 workers of a textile industry in Mexico, one of the pre-requisites for the experiment
was that the workers did not perform any physical activity during the 20 minutes prior to the start of this experiment
(Gold et al., 2004; Gold et al., 2009), this interval was derived based on previous research, in which it was stated
that the required time to stabilize the body temperature after undertaking physical activity was approximately 20
minutes (Ng et al., 2001). On the other hand, it was also asked to the workers to avoid the consumption of alcohol or
tobacco (Gold et al., 2009; Wolf et al., 2009), due to the fact that smoking induces a reduction in body
temperature (Puig, 1993), in contrast, alcohol rises the body temperature (Kim, 2006; A. A. Puig, 1993).

The following step consisted of keeping the company temperature between 20°C and 25°C (Ng et al., 2001),
controlled by their system of air-condition. After that, the workers sat in the ergonomic chair and the sensors of the
thermograph were placed in both wrists (in nerve region). Once the thermographs were in position, both arms were
laid down on an entirely horizontal table, in line with the height of the ribs (Ng and Kee, 2008), this position was
adopted for the 20 minutes prior to the experiment and after the experiment. Furthermore, a questionnaire was
applied to the worker s, aiming to gather some general information related to the age, height, weight, previous
injuries and/or traumas.

Then, the workers started a HRM operation for 2 hours and 30 minutes, given the fact that this corresponds to the
maximum time a HRM is performed in this textile industry. The HRM operation involved the movements of
reaching, taking, and dropping, among others. During the experiment anomalies were identified, discomfort and pain
was also registered.

Finally, the after completing the cycle of 2:30 hours and resting for 20 minutes (Gold et al., 2009), the thermographs
were detached, the data was downloaded in Microsoft® Office Excel 2008 for post processing, and finally the
analysis and validation of data was done with Minitab®16.

The workers that participated in this research were three men and three women work, they were not in normal
physical condition, since they show inflammation in the middle nerve (CTS) of their right hand, who carried out
their normal activity using a defined protocol for this experiment; during the development of the experiment the
environment temperature in the facility was controlled between 20 and 25°C. The main anthropometric
characteristics of the workers are summarized in Table 1. It is important to point out, that none of the workers
presented lumbar problems, arterial pressure (high or low) problems; moreover, none reported to have any type of
alcohol/tobacco addiction.

Table 1. Anthropometric characteristics of the workers

Worker Age Gender BMI (kg/m?) Dominant hand Previous problems
1 33 Male 21.58 Right Yes, CTS
2 38 Male 23.14 Right Yes, CTS
3 36 Male 24.15 Right Yes, CTS
4 30 Female 27.41 Right Yes, CTS
5 31 Female 22.22 Right Yes, CTS
6 33 Female 27.83 Right Yes, CTS

RESULTS

After carrying out the experiment, the results shown in Table 2 were obtained. For the experimental analysis of the
results worker 3 was selected, given the fact that this worker presented the maximum temperature of the whole
experiment sequence, because this presented the highest temperature (specifically in the right wrist).
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Table 2 shows the results of the Anderson Darling analysis, which indicates the type of distribution followed by the
data, in this case it was detected that a normal distribution was not trailed by any of the experiments applied. Table 2
also shows the determination coefficient that indicates the percentage of variation of the data.

Table 2. Temperature Patterns

Worke | Tma | Tma | Time to | Time to Std. Std. AD AD R2 R2
r x in x in obtain obtain Devia | Devia- in in Adju | Adjus
RW Lw Tmax Tmax in | -tion | tionin | RW LW s-ted -ted
in Lw in Lw in in LW
RW RW RW
1 35.291 | 33.012 1:16:29 1:25:27 0.307 0.230 111.6 43.3 58.6 36.1
2 35.274 | 33.575 1:27:28 1:06:42 0.463 0.312 93.3 56.8 71.2 58.0
3 35.586 | 33.561 1:34:21 1:34:23 0.455 0.297 114.6 87.9 74.8 69.1
4 34.828 | 34.390 1:50:13 1:49:58 0.180 0.183 2457 | 116.6 775 75.2
5 35.039 | 34.593 1:29:00 1:09:08 0.210 0.374 921.9 892.1 89.2 69.8
6 34.574 | 34.633 1:08:13 1:34:56 0.239 0.283 216.6 83.5 87.0 86.7

The results of this experiment case can be observed in Figure 1 and Figure 2, for both wrists it was possible to apply
a third order polynomial adjustment curve to represent the behaviour of the temperatures during the experiment,
bearing in mind that the corresponding coefficient R Square shows this as a results of the experiment. For the right
wrist, (Figure 1, temperature versus time) a coefficient R Square of 74.8% was obtained. Successively, it is possible
to indicate that the maximum temperature was 35.586°C, and it occurred after 1 hour 34 minutes 21 seconds. Since
the beginning of this experiment until the time that the maximum temperatures are achieved, an increase of 2.862°C
was registered. It is relevant to point out that during the middle part of the experiment; this worker mentioned that he
had right wrist discomfort, which prevailed throughout the last part of the experiment in a moderate level of
discomfort. Additionally, after 30 minutes of this experiment the worker felt some type of numbness in the fingers.

Right Wrist
TEMPERATURE RW = - 702.3 + 5066 HOUR
- 11565 HOUR** 2 + 8767 HOUR** 3

5 0.228756
35.54 R-Sq 74.8%
R-Saladi) T4.8%

35.0

TEMPERATURE RW
3
i

33.5

33.04

T
9:00 10:00 11:00
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Fig. 1. Worker 3 right wrist Polynomial Adjustment

For the left wrist (Figure 2, temperature versus time), a coefficient R Square of 69.1% was derived. In comparison
with the right wrist, it can be observed that the patterns of temperature are very similar. A comparable behaviour
was also detected in the results of the other worker, where it is clear that during the first hour there is a constant rise
of temperature. Moreover, the maximum temperature reached during the experiment for the left wrist was of
33.561°C, after 1 hour 34 minutes 23 seconds of testing. Since the beginning of the experiment until the time that
the maximum temperatures are achieved, an increase of 1.912°C was registered. It is relevant to point out that during
the final part of the experiment; this worker mentioned that he had left wrist discomfort.

Left Wrist
TEMPERATURE LW = - 301.9 + 2266 HOUR
- 5089 HOUR* * 2 + 3794 HOUR**3

3 0.165230
33.54 R-Sq 69.1%
R-Saladi) 69.1%

33.04

32.54

TEMPERATURE LW

32.04

31.54

T
9:00 10:00 11:00

Fig. 2. Worker 3 test day 2 left wrist Polynomial Adjustment

Another part of the analysis that served as evidence to prove that a normal distribution is not followed by the data is
shown in Figures 3 and 4, RW and LW respectively; it is possible to visualize that the temperatures with the highest
frequencies oscillate between 34.3 and 35.1°C for the RW (see, Figure 3), and between 32.8 and 33.6°C for the LW
(see, Figure 4).
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Figure 3. Worker 3 right wrist Histogram.
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Figure 4. Worker 3 left wrist Histogram.

Figure 5 and Figure 6 show the normality test. For every output dataset from the experiment the next hypothesis was
followed: a) Null Hypothesis (H,) = the dataset follows a normal distribution; b) Alternative Hypothesis (H;) = the
dataset does not follow a normal distribution.

Figure 5 shows the results of the Anderson Darling (AD) assessment, a value of 114.657 is obtained, meaning that
the distribution is not normal; it is also visible that the resulting p-value is clearly lower when compared to the
significant level that was previously established at 0.05, therefore we must reject the null hypothesis that indicates
that the data follows a normal distribution, and follow the same procedure as before to find a distribution that more
accurately fits the spread of the dataset showing temperature on the right wrist.

Right Wrist
Mormal - 95% C1
Mean 3445
99.991 StDev 04557
N 3001
AD 114,657
99+ P-Value  <0.005
g5 -
204
%
g 504
2 20
5 -
1 -
0.01
T T
32 37

Figure 5. Worker 3 right wrist Normality test.

Figure 6 it can be visualized that for the left wrist the AD analysis produces a value of 87.917, which indicates that a
normal distribution is not followed by the dataset, in this case we can confirm that a normal distribution is not
followed by checking the p-value, which in fact is also lower than the significant level (set to 0.05, same as for the
right wrist), furthermore, the null hypothesis is also rejected for the right wrist. Moreover, it can be concluded that in
both AD analysis the statistical values are significantly large.
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32,5 33.0 335
TEMPERATURE LW

Table 3, it was showed that in both wrists was possible to set some kind of probability distribution, which was the 3-
parameters Weibull distribution (3PW), the Weibull (W) and 3-parameter lognormal (3PL). In all tests, it was the

Figure 6. Worker 3 left wrist Normality test.

3PW distribution the best fit to the data (see table 4).

AHFE

International

Distribution Anderson- Correlation- Anderson- Correlation-
Darling (adj) Coefficient RW Darling (adj) Coefficient LW
RW Lw
Weibull 3.669 0.995 14.879 0.996
Lognormal 118.470 0.967 85.238 0.976
3-Parameter Weibull 3.429 0.995 15.864 0.985
3-Parameter Lognormal 109.861 0.967 79.994 0.978

Table 4 shows the summary of the results presented in the experiments in three days. This table is approached from
a viewpoint in binary code to represent whether or not the polynomial curve fitting of third order, whether there is
similarity in the patterns of temperature, and if one or more probability distributions were present to discuss the RW

Table 3. Probability distributions of the worker 3
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or LW, as was the case. This is 1 is affirmative and 0 is negative.

Table 4.Probability distributions and settings for all tests

It can be summarized that the most representative distributions of the 6 workers during the experiment, show
whether or not a similitude in temperature patterns was found, furthermore, they datasets can determine if the
distribution of the data follows one or more probabilistic distribution for the right wrist or left. Based on the results,
we were able to conclude that the dataset shows large resemblances in the patterns of temperature for all three
distributions (Weibull and 3 parameters Weibull) for both wrists.

CONCLUSIONS

This research allowed to answer the questions in introduction, being the maximum temperatures reached for the
worker 3 in RW 35.586°C over a period of 1 hour and 34 minutes, and 21 seconds (in the experiment 3 , explained
in detail in results section) since the beginning of the experiment until the time the temperatures maximum is
reached and recorded an increase of 2.86°C; and the worker 6 in the LW 34.633°C for a period of 1 h 34 min 56.°C
in a period of 1 hours and 34 minutes, and 56 seconds (in the experiment 6), since the beginning of the experiment

Worker Polynom Pattern w 3P wW 3PL
|/ Test ial fit Polynomi | similarit 3PW L 3PW

Day RW al fit LW y RW RW RW | LW LW LW
1 1 1 1 1 1 1 1 1 1
2 1 1 1 1 1 1 1 1 1
3 1 1 1 1 1 1 1 1 1
4 1 1 1 1 1 0 1 1 0
5 1 1 1 1 1 1 1 1 1
6 1 1 1 1 1 1 1 1 1

until the time the temperatures maximum is reached and recorded an increase of 0.657°C. It is important to mention
that in all of the experiments detected discomfort in the right wrist in the time range where the Maximum
Temperatures were identified.

It is concluded that temperatures show a similar pattern (see Table 4), that the data fit a polynomial of third order,
and that it gets the type of distribution that would fit more the data, such as the parameters 3 Weibull distribution.
The sensory thermography offers the early detection of cumulative trauma disorders and with it, it would be possible
to prevent further injuries, and perhaps prevent CTD’s from occurring. Disorders like the Carpal tunnel disorder or
tendinitis could be avoided by using an early monitoring system like the sensory thermography, which in fact
provides a cost benefit acceptable relation

It is concluded that the data does not fit a normal distribution for RW and LW, but the distribution fitted Weibull
parameters 3 for RW and LW with a correlation coefficient between 0.96 to 0.99, with a significance level of 5%.

Future work is to evaluate a greater number of workers under the same methodological conditions, including the
evaluation of elbow and shoulder. C. Camargo, E. J de la Vega, J. Olguin and J. Lépez are currently exploring this
research study. In addition to proposing predictive models for the detection and reduction of CTDs in the workplace.
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