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ABSTRACT
Obesity has been identified as a potential risk factor for Work-Related Musculoskeletal Disorders
(WRMSD). However, literature shows that more studies are required about obesity effects on work
performance, including during lifting tasks. Infrared Thermography (IRT) has been emerged as an

10 alternative technique to study WRMSD risk factors. Therefore, the current study aims at testing whether
skin temperatures (Tskin) changes are sensitive to work conditions during lifting tasks. The second goal of
this work is to analyse possible differences in Tskin changes across individuals with different obesity levels.
By applying IRT imaging this study considered 29 participants with different obesity levels, for a repetitive
lifting task between floor and shoulders height with a periodicity of 7 seconds up to 2 minutes. Thermal

15 images were registered across 16 Regions Of Interest (ROI) (divided into body anterior and posterior
views). Data analysis was performed from the temperatures differential, calculated as the algebric
difference between Tskin measured before and after the task. This Tskin difference presented statistical
evidence (p < 0.05 for all ROI), with a decrease after the task. The average Tskin decrease of the 8 ROI for
anterior view was 0.33(±0.08)ºC and for posterior view was 0.51(±0.08)ºC, being an indicator of muscular

20 overload increased. Results show a relation between the obese participants and the presence of higher
cooling in the ROI studied, following the lifting task. These outcomes corroborate that obesity is
a WRMSD risk factor and also provides evidence that IRT can be a useful tool to assess the participants’
biomechanics performance.Q9
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1. Introduction

25 1.1. Effects on work performance and assessment of
obesity

Over the last decades, obesity has been recognised as
a relevant health problem of industrialised countries (Nigatu
et al. 2016; Gu et al. 2016). From the worldwide statistics, it can

30 be observed that obesity has more than doubled since 1980
(World Health Organization –WHO 2016). Obese workers repre-
sent a growing fraction in the workforce, however, obesity is
often associated with different conditions and contexts, such as
Work-Related Musculoskeletal Disorders (WRMSD), which even-

35 tually can decrease workers’ productivity (Lidstone et al. 2006;
Morris 2007; Gates et al. 2008). Different studies have shown
a correlation between obesity and an increase in absenteeism
related to WRMSD (Tsai et al. 2008; Lier et al. 2009). Lin et al.
(2013), when analysing statistical data over 12 years of the USA

40 population, found that obesity associated with a WRMSD risk
increased about 25%. The association between obesity and
different musculoskeletal problems is well documented by sev-
eral research works, e.g.: rheumatism, osteoarthritis (Lidstone
et al. 2006; WHO 2016), tendinitis in the upper limbs (being the

45 probability of occurrence two times superior in obese workers,
compared with non-obese) (Werner et al. 2005), carpal tunnel
syndrome (with a probability of occurrence augmented four
times in obese workers) (Kurt et al. 2008). Back pain is also an

occupational health problem, which is more severe in obese
50workers (Shariat et al. 2018).

Several findings have also correlated obesity to impairments
on muscle capacity, namely: lower muscle strength relative to
the body mass (Hulens et al. 2001; Cavuoto and Nussbaum
2013); and lower resistance to muscle fatigue (Maffiuletti et al.

552007; Cavuoto and Nussbaum 2014). Concerning the WRMSD, it
has been established that workers who perform manual hand-
ling loads are exposed to a greater risk of developing WRMSD
(Umer et al. 2016; Antwi-Afari et al. 2018) when compared to
those with jobs that do not require this kind of activities (Mital

60et al. 1997). However, repetitive manual tasks, such as lifting and
lowering loads, are very common in a wide variety of industrial
workplaces and are associated with several occupational and
individual WRMSD risk factors (Yeung et al. 2002; Arezes et al.
2011; Antwi-Afari et al. 2017). One of these individual risk factors

65is workers’ body composition, including their level of obesity
(Marras 2000; Colim et al. 2019; Corbeil et al. 2019). For instance,
Corbeil et al. (2019) studied the task dealing with moving boxes
from a conveyor to a hand trolley and back, with 17 obese and
20 non-obese handlers. In their investigation, with the purpose

70to develop a biomechanical model, which estimates net
moments at L5-S1, kinematic and kinetic data were collected
and analysed . The authors evidenced that the excess weight of
obese workers has a significant added effect on the musculos-
keletal structures of the back, exposing these workers to a higher
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75 risk of developing a WRMSD during load handling. However,
most of the observational methods proposed, based on biome-
chanics’ criteria, and used in WRMSD risk assessment and ergo-
nomic assessment of workplaces and tasks do not consider the
workers’ body composition as a risk factor (Park et al. 2009).

80 The Body Fat Mass (BFM), Abdominal Circumference (AC)
and Body Mass Index (BMI) measurement have been widely
used in the assessment of obesity and to quantify the risk of
obesity-related disorders (Paniagua et al. 2008). It should be
noted that in the majority of previous mentioned studies about

85 the effects of obesity on work performance, BMI has been the
principal indicator utilised for sample characterisation .
Nevertheless, BMI has limitations, since it is only based on the
subject’s weight and height. The evaluation of this indicator
does not consider any distinction between body fat-free mass

90 and fat mass, as it does not characterise body fat mass distribu-
tion (Akpinar et al. 2007). Therefore, its specificity and predic-
tive ability in the identification of health problems associated
with obesity have been questioned (Singh et al. 2009). In fact,
BMI is considered to be a fallible measure for a detailed assess-

95 ment of body composition and should not be used to classify
the individual level of obesity (Beechy et al. 2012), demanding
the use more appropriate and comprehensive obesity assess-
ment techniques. For these reasons, in this study obesity levels
were categorised according to subjects’ AC and BFM, deter-

100 mined by Bioelectrical Impedance Analysis (BIA). BIA allows for
the quantification of body impedance by applying electrodes
connected to different body regions, in order to create a circuit
through which the innocuous current can pass. As the different
human tissues exhibit different resistances to the passage of

105 electric current, BIA devices determine the amount of lean body
mass and body water as well as fat (Kyle et al. 2004; Beechy
et al. 2012). These measures are obtained by using analytical
expressions that are adjusted to individual factors such as age,
gender, height, and weight. This analytical approach (which

110 vary according to the equipment used) must be validated for
the population in question, including obese individuals (Horie
et al. 2008). Relatively to AC, this anthropometric data has been
shown to be the most suitable anthropometric data to evaluate
body fat distribution, as well as to quantify the risk of obesity-

115 related health disorders, such as cardiovascular diseases
(Paniagua et al. 2008; Carmo et al. 2008; WHO 2016).

1.2. The Infrared Thermography (IRT) as a diagnosis and
assessment tool

Concerning workplaces with lifting tasks, one of the crucial ele-
120 ments in WRMSD prevention deals with the understanding of

muscular demands associated with too frequently performed
tasks (Butler et al. 2009; Antwi-Afari et al. 2017, 2018). In this
context, IRT has been identified as an alternative technique for
physiological response measurement due to exposure to WRMSD

125 risk factors (Bertmaring et al. 2008). In fact, the use of IRT has the
advantage to be a completely non-invasive and non-ionising 
technique (Jones and Plassmann 2002; Ludwig et al. 2014) and
can be applied even during pregnancy (Pereira et al. 2016).

In medicine, the IRT applicability is based on the fact that the
130 human skin emits continuously infrared radiation, being its

body distribution symmetrical in a healthy person. Therefore,

avoiding the use of biologically ionising radiation, IRT is an
effective alternative to conventional imaging techniques
(Casanova et al. 2018) for a large number of diseases related

135to peripheral circulation, such as, for example, diabetic foot
disease (Carbonell et al. 2018; Seixas et al. 2018), ankle injuries
(Oliveira et al. 2016) and knee diseases (Calin et al. 2015).
Recent technological advances in IRT imaging have extended
its use to different clinical purposes as a diagnosis complemen-

140tary technique for musculoskeletal and vascular disorders,
oncology and sports medicine (Ring 2006; Santos et al. 2014),
with basis on the identification of normal and abnormal surface
Skin Temperature (Tskin) patterns (Bertmaring et al. 2008).

The Tskin depends on the combination of energy expendi-
145ture, nutrient metabolism, and blood flow, being its variations

reflected on physiological responses of the tissues during phy-
sical activity (Santos et al. 2014). Different exploratory studies
(Table 1) have shown that Tskin variations are associated with
exposure to specific WRMSD risk factors, considering work tasks

150with repetitive muscular work, including typing in a work office
(Vardasca et al. 2008; Gold et al. 2010), and in tasks with static
(Bertmaring et al. 2008) and intermittent exertions, such as
overhead tapping tasks involving muscles of shoulders and
arms (Barker et al. 2006; Govindu and Babski-Reeves 2012).

155In the mentioned studies in Table 1, the authors intended to
test different work conditions (simulated in laboratory settings)
on Tskin in certain body regions. For example, Barker et al. (2006),
simulating tasks frequent at the automotive assembly industry,
test the effect of activity duration and hands height-location. In

160this context, Bertmaring et al. (2008) studied tasks with static
hand contractions head-above, performed until the participants’
exhaustion, considering different loads and shoulders’ angles. The
results showed that the thermographic data are more sensitive to
the shoulders’ angular variability than to the loads’ variability. In

165turn, the typing task was a work activity studied by Vardasca et al.
(2008) and Gold et al. (2010) through thermograms of hands’
dorsal view. Globally, these studies demonstrated that different
occupational conditions produce significant changes in the
recorded thermograms; concluding that the thermography is

170sensitive to the variation of the conditions under which the
tasks are performed, and can constitute a valid technique for
assessing the WMSD risk factors. In this field, Govindu and Babski-
Reeves (2012) demonstrated the reliability of the values data
obtained for the anterior deltoid during muscle activity with the

175hands above head, simulating frequent screwing automotive
assembly industry, in comparison with psychophysical percep-
tions of exertion.

These exploratory studies have shown that variations in Tskin
are related to physiological responses to certain occupational

180conditions. One of the advantages associated with IRT application
in the WMSD risk assessment is that this technique helps to
explain physiological mechanisms related to these disorders’
genesis.

1.3. Research opportunity and objectives

185In recent years, obesity has been intensively studied, never-
theless the effect of excess fat mass on the function of the
locomotor system is still unclear and more biomechanical and
physiological studies are required to provide a complete
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picture of obesity effects on work performance, including dur-
190 ing manual lifting loads (Park et al. 2009; Singh et al. 2009;

Williams and Forde 2009; Sangachin and Cavuoto 2016; Corbeil
et al. 2019). Additionally, in the authors’ best knowledge the
present work is a pioneer study for IRT application with
a heterogeneous sample (obese and non-obese participants)

195 during lifting tasks.
Therefore, concerning different Regions Of Interest (ROI), an

objective of the current study was to test whether Tskin changes
were sensitive to work conditions of lifting tasks, with the
purpose to support the potential of IRT application in WRMSD

200 risk factors assessment during biomechanics studies. Another
objective of this investigation was to analyse possible differ-
ences in Tskin changes across individuals with different obesity
levels, during the predefined task.

2. Materials and method

205 2.1. Participants

A total of 29 healthy participants, including non-obese and
obese, engaged in this research work. All participants reported
that they did not have at present any type of musculoskeletal
disorders and signed an informed consent. The participants

210 received a briefing on the study objectives, nature, and potential
risks. Different anthropometric data were collected, namely: BMI,
AC and BFM percentage determined by BIA. However, and as
mentioned above, for the sample characterisation only partici-
pants’ AC and BFM were applied. This last-mentioned parameter

215 was quantified utilising an OMRON BF306® Body Fat Monitor
(OMRON, Netherlands). This equipment not only allows for mea-
surement of the BFM percentage by considering the BIA and also
permits the integration of personal data, such as participants’
height, weight, age, and gender, in order to accurately define the

220 individual obesity level (Deurenberg et al. 1998). The interpreta-
tion of AC values the occurrence of two risk levels were

considered, such as (i) increased risk (AC ≥ 80 cm for women
and 94 cm for men); (ii) very increased risk (AC ≥ 88 cm for
women and 102 cm for men) (Carmo et al. 2008).

225Individuals with asymmetric infrared imaging of the body
regions considered (greater than 0.5º C) were excluded, based
on the statement of asymmetrical images, which have been
related to neurological disorders (as applied by Govindu and
Babski-Reeves 2012).

230Furthermore, the participants were instructed to avoid
smoking, alcohol or liquids and eating any food at least two
hours before performing the test. In addition, a preliminary
visual inspection of the body areas considered was performed
for each participant, with the aim of ensuring that they do not

235have scars or other skin abnormalities, which can influence the
thermal data.

2.2. Experimental design and procedure

The adopted research design was a deductive approach,
characterised by the search of explanations and testing about

240causal relations between variables (Saunders et al. 2007). This
was an experimental study developed into a research labora-
tory. Before the experimental trial performance, the partici-
pants acclimatised themselves for 15 minutes for promoting
the thermal equilibrium with the surrounding laboratory stabi-

245lised environment conditions, namely: mean relative humidity
at 58.2 (± 1.7) % and mean temperature at 23.3 (±1.2) ºC.
According to the internationally accepted guidelines (Ammer
and Ring 2000), during the acclimatisation period, the partici-
pants stayed with no direct ventilation, fluorescent lighting,

250clothing, accessories, and hair over the body regions of arms,
neck and upper trunk.

The provocative test consisted of repeated lifting tasks, with
a load of 7 kg. Considering previous studies focused on IRT
application to study working tasks (Barker et al. 2006;

255Bertmaring et al. 2008; Vardasca et al. 2008; Gold et al. 2010;

Table 1. Summary of previous studies that applied IRT to study work tasks.

Reference Objective(s) Sample ROI studied Principal Conclusion(s)

Barker et al. 2006 To study the effects of working
pace and hands’ height during
screwing tasks.

6 men and 6 women Medium deltoid
and trapezius.

IRT is sensible to identify the
occupational conditions
variability.

Bertmaring et al. 2008 To analyse skin temperature
differences during static muscle
work with the hand above the
head, along with different
shoulder angles and loads.

5 men and 5 women Anterior deltoid The thermographic data are
more sensitive to
shoulders’ angular
variability than loads’
differences.

Vardasca et al. 2008 To identify factors that influence
the thermographic changes
during typing tasks.

12 healthy volunteers Hands’ posterior
view.

The Tskin variation is
influenced by individuals’
dexterity, age, and BMI.

Gold et al. 2010 To relate Tskin differences to blood
flow during typing tasks.

11 office workers Hands’ posterior
view.

The hands’ Tskin depends on
blood flow. Typing speed
influences temperature,
which may be an indicator
of musculoskeletal
problems at the
extremities.

Govindu and Babski-Reeves (2012) To test the reliability of the
thermographic data obtained
during screwing tasks above the
head. Correlate thermal changes
with psychophysical
perceptions of exertion.

24 participants Anterior deltoid. IRT demonstrates reliability as
a risk assessment
technique. Lower
temperatures are related
to increased
psychophysical discomfort.
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Govindu and Babski-Reeves 2012), it was defined that the lifting
task would have to be repeated over a certain period to cause
a musculoskeletal overload sufficient to produce physiological
changes noticeable by the IRT. Therefore, pilot tests were per-

260 formed with two volunteers, considering different loads, task
frequencies and durations. Through these tests, it was defined
that the load would be 7 kg, as in Dolan et al. (1999) and Meyers
and Keir (2003), and it would be manipulated for a maximum of
2 minutes to prevent muscle fatigue associated with lactic acid

265 production on the muscles (which influences thermographic
results). Then, based on the application of the NIOSH ‘91
Equation (Waters et al. 1993), a safe periodicity for the hand-
lings of approximately seven seconds was considered.

During the experimental trials, the participants lifted the load
270 between the floor and shoulders height and replaced it to the

floor. As in several previous studies focused on the assessment of
physical overload during lifting tasks (Dolan et al. 1999; McKean
and Potvin 2001; Singh et al. 2009; among others), the vertical
amplitude of handling has taken into account the participants’

275 anthropometric data. With this experimental design, the scenario
of frequent vertical amplitudes was intended, such as lifting
loads between the floor and workbenches. During this test,
a frequent work condition that compromises the workers’ pos-
ture was simulated, such as the presence of a physical barrier

280 between worker and load. In this constrained scenario, the load
was placed behind a 60 cm (120% of average male and female
knee heights) high barrier, simulating one side of an industrial
bin (as tested by McKean and Potvin 2001). The experimental
apparatus is schematised in Figure 1.

285With the aim of mimicking a realistic working performance,
the participants were allowed to adopt their preferred handling
technique relatively to posture adopted (as defended by
Kingma and van Dieën 2004; Plamondon et al. 2017; Corbeil
et al. 2019). However, the feet position was also defined by each

290participant in order to maintain the load close to the body and
maintain a similar position across the lifting and lowering trials
(as applied by Sangachin and Cavuoto 2016). With this purpose,
before the experiment data acquisition, participants were
allowed to simulate the task of box lifting and lowering.

2952.3. Thermographic imaging and data processing

Before and after the task performance, thermal images,
including the considered ROI, from anterior and posterior
corporal views were registered by using an uncooled FLIR®
E60sc thermal camera (FLIR Systems, Wilsonville, Oregon,

300USA). The infrared camera (Figure 2) includes a focal plane
array (FPA) sensor size of 320x240, Noise Equivalent
Temperature Difference (NETD) of <50 mK at 30ºC and
measurement uncertainty of ±2% of the overall temperature
range reading. During the images acquisition, participants

305were stood up in front of a uniform background. The value
of human skin emissivity used is in line with the majority of
previous studies (Bernard et al. 2013; Fernández-Cuevas
et al. 2015), being set to 0.98. The distance between the
IRT camera and the subject was kept constant and equal to

310one metre .

Figure 1. Representation of the (a) initial and (b) final position of the lifting.
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The IRT imaging analysis was performed with the FLIR
ThermaCAM Researcher pro 2.10 software (FLIR Systems,
Wilsonville, Oregon, USA) and according to the selection of 16
different ROI. Eight of these regions were from anterior body

315 view, as defined in Figure 3, namely: left and right shoulders
joint (ROI 01 and 02, respectively), upper ligaments of left and
right shoulders (ROI 03 and 04), lower ligaments of left and right
shoulders (ROI 05 and 06), left and right arms (ROI 07 and 08).
The remaining eight ROI were from posterior body view, as

320 represented in Figure 4, namely: left and right shoulders joint
(ROI 01 and 02), left and right sides of half of neck (ROI 03 and

04), left and right trapezius (ROI 05 and 06), left and right arms
(ROI 07 and 08).

The Glamorgan protocol was considered in the ROI defini-
325tion (Ammer 2008). The ROI selection was based on the muscles

functionality and articulations involved in this type of handling
tasks and in an attempt to avoid body regions with high fat
mass accumulation (such as the abdominal region), which
might have an undesired effect on the thermographic data

330(Savastano et al. 2009; Fernández-Cuevas et al. 2015). The
analysis software allows for the quantification of the mean of
Tskin across the different ROI mentioned before.

Figure 2. Infrared camera used in the current study (image courtesy by FLIR® Company).

Figure 3. Example of a thermal image for anterior view with the Regions Of Interest (ROI) defined.
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Considering the sample with participants with different
levels of obesity, also subcutaneous fat can influence the Tskin

335 distribution (Fernández-Cuevas et al. 2015), the data analysis
was done from the temperatures differential (ΔT) calculated at
each ROI. Based on previous studies (Quesada et al. 2015;
Formenti et al. 2016; Rossignoli et al. 2016), ΔT was calculated
by the algebraic difference between Tskin measured after the

340 handling load performance minus basal temperature measured
before the task. This calculation was performed with the pur-
pose to normalise the data across the subjects with different
levels of obesity. The ΔT values could be either positive or
negative, depending on whether Tskin increased or decreased

345 during the handling task.

2.4. Statistical analysis

The statistical analysis was conducted utilising the IBM® SPSS®
Statistics 24.0 software. Shapiro-Wilk normality tests were per-
formed on all continuous data.

350 For the sample characterisation , the descriptive statistics
were applied, being the mean used as a measure of central
tendency, and the standard deviation (SD) as a measure of
dispersion. After verifying the normality of the data, Pearson
correlation tests were applied to evaluate if anthropometric

355 data (BFM, AC, and BMI) are associated with the thermal data.
Considering the normality of the means Tskin registered before

and after the task for each ROI, Student’s t-tests were applied to
verify the systematic difference between each couple of data set.
Descriptive analysis was also used to presentΔT data (mean values

360 and SD) across the different groups of participants (defined by
their levels of obesity). Finally, to determine the strength of the
relationship of the ΔT values and obesity, Pearson correlations
were computed. Thus, it was intended to test if the increase of
obesity level (measured by the different anthropometric data, as

365 BFM, AC, and BMI) is related to the increasing/decreasing of the
ΔT. Significance was determined for a probability value p < 0.05.

3. Results and discussion

3.1. Sample characterisation 
Considering the results obtained by BIA and AC assessment, the

370sample was divided across three levels of obesity, namely: (i)
normal (n = 11); (ii) high (n = 10); and (iii) very high (n = 8)
(Table 2).

Since the normality of the data was verified, the Pearson
correlation was applied and statistically significant linear corre-

375lations between the anthropometric variables were evidenced,
as it is shown in Table 3. The results indicate that the BFM
increasing is positively BMI increasing, as well as to the AC
increasing, the same relation is statistically significant between
the BMI and AC of the participants.

380These correlations are corroborated with the available litera-
ture (Singh et al. 2009; Beechy et al. 2012). However, it should
be highlighted that the comparative study or correlation
between these anthropometric is not one of the main objec-
tives of the present study. These different data were considered

385with the purpose of characterising and categorising the sample
in a more complete manner, as proposed by Singh et al. (2009).

3.2. Differences in Tskin between before and after the
lifting task

Through Student’s t-tests, it was observed that the difference
390between the means Tskin recorded after and before the hand-

ling task has evidence of being statistically significant for all ROI
considered, as it is demonstrated in Tables 4 and 5.

These significant differences between mean temperatures
allow proving the viability of the IRT as an effective alternative

395technique to identify physiological changes, through thermal
imaging differences, caused by exposure to WRMSD risk factors,
in this case factors related to the lifting tasks. Previous studies
have already demonstrated similar evidence, but for other kind
of activities, such as tapping tasks with arms maintained above

Figure 4. Example of a thermal image for posterior view with the Regions Of Interest (ROI) defined.
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400 the head (Barker et al. 2006; Govindu and Babski-Reeves 2012),
and typing tasks in a work office (Vardasca et al. 2008; Gold
et al. 2010). However, it can be stated that the current work is
an innovative and precursor study in application of IRT as an
assessment technique of WRMSD risk related to lifting tasks,

405 which has not been addressed in the literature.
The mean values presented in Tables 4 and 5 demonstrated

the occurrence of a negative difference between Tskin mea-
sured before and after the task, verifying a statistically signifi-
cant cooling of all ROI after the task. This evidence is in

410 agreement with the literature (Torii et al. 1992; Johnson 1992;
Formenti et al. 2016), which supports that the temperature of

the skin begins to decrease with the beginning of dynamic
exercise, due to the vasoconstriction caused by muscular work.

3.3. ΔT across subjects with different obesity levels

415In order to better understand the mentioned difference
between the temperatures registered before and after the
task, and for the comparison of the cooling amplitude across
the heterogeneous sample, the ΔT was calculated and analysed 
for each ROI. Descriptive statistics for ΔT, considering the sam-

420ple division across the three levels of obesity defined, are
provided in the plots of Figure 5.

Analysing ΔT negative values between-levels, it is verified
that the cooling tends to be higher for individuals with higher
levels of obesity. Additionally, it was assessed if the cooling of

425surface skin after the task is correlated to the increasing level of
obesity, according to anthropometric data values. Summaries
of the statistical significance of the correlations between each
anthropometric variable considered (AC, BFM, and BMI) and ΔT
from anterior and posterior views, obtained through the

430Pearson correlation test, are presented in Tables 6 and 7.
Supporting the evidence found by analysing the plots of

Figure 5, the Pearson test shows that a negative correlation
occurs between the variables considered, in the sense that the
linear increase of participants’ anthropometric data (BFM, AC,

435and BMI) is related to decrease of ΔT values. However, this
correlation presents evidence of statistical significance only in
five of the ROI studied, corresponding to regions at shoulders
and arms, and considering the AC values.

This observation corroborates the study developed by Shiri
440et al. (2013), in which a positive correlation was found for AC

increase and back pain. Pryce and Kriellaars (2014) also
reported that the increase of BFM in the trunk region causes
a modification of the body centre of mass, which eventually
leads to the increase of compressive forces and moment acting

445on L5-S1 during handling loads tasks. These indicators point
out that the AC seems to be a relevant indicator, regarding the
probability of an increase in musculoskeletal overload during
these tasks.

Regarding the decrease of Tskin after the task (evident in ΔT
450negative values), as aforesaid, this is in agreement with several

previous studies, which evidenced a cooling in different body
parts after performing activities, with dynamic and static mus-
cular exertions (Torii et al. 1992; Barker et al. 2006; Merla et al.
2010; Formenti et al. 2016). It is also known that the increase of

455this cooling is related to changes in blood flow (Gold et al.
2010), namely to vasoconstriction. Tanimoto et al. (2009)
demonstrated that during continuous performance of lifting
and lowering a load, even with a slow movement, suppression
of blood inflow and outflow occurs in involved muscles,

460increasing their deoxygenation. From the foregoing, it is con-
sidered that the Tskin cooling, registered in the present study, is
also due to vasoconstriction, potentiating the increase of inci-
dence probability of musculoskeletal problems. Thus, for exam-
ple, one of the causes of WRMSD at the shoulders is the

465insufficient blood flow in the tendons due to muscle contrac-
tion and the pressure exerted by the surrounding bones during
tasks involving the arms flexion (Hagberg and Wegman 1987).

Table 2. Mean (SD) of personal data used in the sample characterisation across
the different levels of obesity.

Obese

Non-obese
(n = 11)

High
(n = 10)

Very High
(n = 8)

BFM (%) 24.7 (8.0) 28.1 (3.8) 33.3 (7.1)
AC (cm) 79.9 (6.7) 87.5 (6.6) 108.4 (6.9)
BMI (kg/m2) 22.4 (1.5) 25.6 (2.4) 31.2 (3.3)
Age (years old) 33.9 (10.8) 37.0 (10.9) 34.9 (8.8)

Table 3. Summary of Pearson correlation between the values of anthropometric
data (n = 29).

r coefficient

BFM and BMI 0,693**
BFM and AC 0,462*
BMI and AC 0,898**

Legend: *statistical significance at p < 0.05 and ** p < 0.01.

Table 4. Mean (SD) of Tskin before and after the task for anterior view, and
respectively statistical significance for the difference between these temperatures
(n = 29).

Tskin (ºC)

ROI
(Anterior) Before task After task p-value

01 33.52 (0.72) 33.16 (0.87) 0.020*
02 33.40 (0.80) 33.10 (0.86) 0.014*
03 33.73 (0.70) 33.42 (0.83) < 0.01
04 33.70 (0.76) 33.38 (0.83) < 0.01
05 33.33 (0.78) 32.98 (0.92) < 0.01
06 33.26 (0.85) 32.93 (0.90) < 0.01
07 32.60 (0.93) 32.25 (0.94) < 0.01
08 32.45 (0.96) 32.16 (0.90) 0.020*

Legend: *statistical significance at p < 0.05.

Table 5. Mean (SD) of Tskin before and after the task for posterior view, and
respectively statistical significance for the difference between these temperatures
(n = 29).

Tskin (ºC)

ROI
(Posterior) Before task After task p-value

01 33.30 (0.80) 32.73 (0.86) < 0.01
02 33.24 (0.81) 32.62 (0.91) < 0.01
03 34.21 (0.77) 33.70 (0.87) < 0.01
04 34.14 (0.73) 33.66 (0.90) < 0.01
05 33.85 (0.74) 33.35 (0.88) < 0.01
06 33.86 (0.72) 33.31 (0.89) < 0.01
07 31.47 (0.91) 31.08 (0.87) < 0.01
08 31.54 (0.94) 31.12 (0.89) < 0.01
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It should also be noted that individuals’ AC can interfere with
the performance of lifting tasks, especially when its present

470 postural restrictions, such as the existence of a physical barrier
considered in the present investigation. The increase of the fat
mass in the abdominal region with the existence of the physical
barrier contributes to the increase of the horizontal distance
between the load and theworker’s body. This horizontal distance

475 constitutes an important risk factor for WRMSD during these
tasks (Waters et al. 1993), particularly higher values of the dis-
tance directly related to higher values of moments acting on the
spine, and consequently with higher muscle contractions (Potvin
et al. 1991). As it was mentioned previously, the increase of

480 muscle contractions may increase vasoconstriction (Torii et al.
1992; Johnson 1992) and, consequently, decrease the Tskin of the
affected regions. The obtained results are in agreement with this
evidence, pointed out to the fact that obesity contributed to the
cooling increase, meaning that, most probably, occurred higher

485 vasoconstriction in obese, as consequence an increased muscu-
lar overload related to the lifting task performance. However, the
correlation between Tskin cooling and obesity described in this
study deserves further analysis on a larger sample and, probably,
considering a blood flow monitoring tool and the collection of

490 other physiological and biomechanical data (e.g. kinematics and
electromyographic). In addition, it may be important to include
other handling tasks with different occupational risk factors.

Finally, it should be noticed that to the authors’ best knowl-
edge, this is the first study that addresses the IRT imaging applica-

495tion to study manual lifting tasks and with a heterogeneous
sample, including non-obese and obese subjects. Therefore, the
ROI selection was conditioned by this factor, avoiding areas with
frequently higher fat mass accumulation. The fact that the sample
considered is heterogeneous, it can conditioned the thermo-

500graphic results and, consequently, the higher ΔT values variability
within groups (Figure 5) and few correlations with statistical sig-
nificance (Tables 6 and 7). In Ludwig et al. (2014) a heterogeneous
sample was also used (including sedentary individuals and swim-
ming athletes between 15 and 45 years) in which they compared

505different ways of analysing the thermographic data, including the
determination of the mean temperature by ROI (as performed in
the present study). These authors verified that this analysis
method is effective, even for a heterogeneous sample, allowing
an ROI adequacy to different anatomical characteristics. However,

510they emphasised that Tskin depends on anatomical factors, such as
the presence of different types of subcutaneous tissues (adipose
mass and muscle mass).

In the present work, with the purpose to avoid the influence
of fat mass on thermographic results, different methodological

515options were adopted. In addition to the careful ROI selection,
ΔT was calculated (as applied by Formenti et al. 2016; Quesada
et al. 2015; Rossignoli et al. 2016), and the comparison of the

weiVlaroproCroiretsoPweiVlaroproCroiretnA

ΔT
 (

ºC
) 

Figure 5. Representation of the ΔT mean values for anterior and posterior ROI across the different participants’ levels of obesity. Error bars denote SD. Legend: о –
normal; □ – high; × – very high.

Table 6. Summary of Pearson correlation between values of anthropometric data and ΔT of anterior corporal
view (n = 29).

r coefficient across ROI of anterior view

01 02 03 04 05 06 07 08

BFM −0.146 −0.111 −0.099 −0.108 −0.116 0.007 −0.085 −0.095
AC −0.390* −0.312 −0.182 −0.237 −0.415* −0.358* −0.264 −0.354*
BMI −0.312 −0.240 −0.150 −0.183 −0.339 −0.227 −0.223 −0.298

Legend: *statistical significance at p < 0.05.

Table 7. Summary of Pearson correlation between values of anthropometric data and ΔT of posterior corporal view (n = 29).

r coeficient across ROI of posterior view

01 02 03 04 05 06 07 08

BFM −0.080 −0.066 −0.076 −0.109 −0.149 −0,145 0.091 −0.176
AC −0.354* −0.182 −0.204 −0.265 −0.328 −0,238 −0.050 −0.249
BMI −0.317 −0.184 −0.176 −0,232 −0.298 −0.237 0.027 −0.256

Legend: *statistical significance at p < 0.05.
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thermographic data between subjects was done using ΔT
values. It is considered that the ΔT determination helped to

520 circumvent this limitation, since mean Tskin (as applied by
Ludwig et al. 2014) are not being compared, but rather the
differences between mean temperatures before and after the
task. It should be noted that there is an evidence that during
physical exercise the distribution of temperatures throughout

525 the skin of the whole body is not related to the distribution of
body fat (Fournet et al. 2013). Nevertheless, the relation
between the fat mass influence on the skin temperature dis-
tribution needs further investigation (Fernández-Cuevas et al.
2015).

530 In short, the current research can be useful to better under-
stand and emphasise the importance of studying the obesity
effects on IRT imaging during lifting tasks and also has illu-
strated the importance of future research in the field of
investigation.

535 3.4. Limitations and future work

The current study has several limitations that need to be
stressed. Firstly, the most lifting tasks that occur in real work-
places are not scaled. It is also likely that differences may exist
between tasks with different constraints and loads. Increasing

540 the sample size might be another option for future investiga-
tion. Despite this, in the current study, the obtained data
demonstrated statistical validity.

The research work was limited to the ROI studied, since this
selection was influenced by the functionality of the muscles

545 existing at these body regions, trying to avoid corporal areas
with higher fat mass accumulation. However, as mentioned
earlier, the data analysis was developed considering the ΔT,
which increased the accuracy of data analysis.

As future work, the development of physiological and bio-
550 mechanical studies could be an important research direction,

which allows for a better understanding of the physiological
mechanisms that could increase musculoskeletal overload and,
consequently, increase thermal changes at the Tskin.

The IRT application is a recent research approach in the field
555 of WRMSD assessment and few working tasks have already

studied. Based on this evidence, it must be highlighted that
this research topic could be widely explored. In this field, as
advantageous characteristics of this technique are the fact that
does not need to fix sensors at the workers body which can

560 compromise the normal movements during dynamic tasks, as
well as the data collecting and processing is easily developed
(comparing with other techniques applied in this context, such
as surface electromyography). However, the IRT has the limita-
tion of having to be applied in a controlled environment (con-

565 cerning the temperature and relative humidity).
In summary, the current findings are in line with the existing

literature, and the current study can be seen as a good starting
point for future investigation in the field.

4. Conclusions

570 Obesity is growing among the industrialised workforce and this
individual condition can be assessed using different techniques
(e.g. AC, BFM assessed by BIA and BMI). However, in specific

studies focused on obesity effects during occupational tasks,
this assessment should include relevant anthropometric data

575that may interfere with the performance of the tasks, such as
AC during the dynamic lifting tasks.

The present research work proved that IRT imaging presents
enough evidence to detect thermal differences (in this case,
a significant cooling at all ROI studied) after exposure to risk

580factors associated with lifting tasks.
Additionally, the results demonstrated that obese workers

tend to present a higher Tskin cooling after the performance of
these tasks when compared with non-obese. This evidence
supports the idea that obesity constitutes a WRMSD risk factor

585during lifting tasks since the Tskin cooling has been associated
with the vasoconstriction due to the muscular contraction. This
suppression of blood flow potentiates an increase in the prob-
ability of musculoskeletal problems.

In this context, the ΔT calculation betweenmean Tskin before
590and after the task, for each ROI, consists of a useful and valid

method of analysing the thermal differences along
a heterogeneous sample (in this case, participants with differ-
ent body constitutions).

It is important to emphasise that to the authors’ best knowl-
595edge, this is the first research attempt that addresses the infrared

imaging application to study lifting tasks and with
a heterogeneous sample including non-obese and obese
individuals.

The outcomes presented in this work constitute an important
600starting point for future IRT imaging works centred on this

research topic. Similar research should be performed with
a larger sample of participants (to improve the statistical power
of the conclusions), together with other types of physiological
and biomechanical data, and other types of handling tasks.
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