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Abstract

Introduction: Muscle fatigue can be de ined as a decrease in the performance of the neuromuscular system 
in generating force. This situation is considered a complex physiological process involving various body 
systems, in order to avoid irreversible damage or even cell death. Objective: The aim of this study was to 
measure muscle strength in order to assess the level of fatigue among footwear industry workers, and to de-
termine a possible correlation between muscle strength and the perception of reported fatigue. Materials 
and Methods: The study included 32 male workers from the footwear industry with a mean age of 34.63 ± 
11.98 years. The workers performed the handgrip strength test using a handheld dynamometer, and com-
pleted the Bipolar Fatigue Questionnaire. Results: The mean result of strength testing was 23.1 ± 8.3 kgf, 
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and the mean score of the fatigue questionnaire was 2.28 ± 0.93 points. However, a low correlation was 
observed between the results of the fatigue questionnaire and the strength test results. Conclusion: The 
grip strength results of the footwear workers were below the values for the general Brazilian population, 
a fact that may indicate potential muscle fatigue. However, a low correlation with the perception of fatigue 
was indicated by the questionnaire.

Keywords: Fatigue. Muscle fatigue. Handgrip strength. Worker’s health.

Resumo

Introdução: A fadiga muscular pode ser de inida como uma diminuição na capacidade do sistema neuromus-
cular em conseguir gerar força. Essa condição é considerada como um processo isiológico complexo que envol-
ve diversos sistemas do organismo, com o objetivo de evitar danos irreversíveis ou, até mesmo, morte celular. 
Objetivo: Avaliar a força de preensão palmar em trabalhadores do setor calçadista e veri icar a existência de 
correlação entre a força muscular e a percepção da fadiga relatada. Materiais e Métodos: Participaram do 
estudo 32 trabalhadores do sexo masculino, com média de idade de 34,63 ± 11,98 anos e que atuavam no setor 
calçadista. Os trabalhadores realizaram o teste de contração voluntária máxima (CVM) utilizando um dinamô-
metro hidráulico de preensão palmar e responderam ao questionário Bipolar de Fadiga. Durante o teste, cada 
trabalhador executava três repetições da CVM e a média das medidas era obtida. Resultados: A força muscular 
apresentou uma média de 23,1 ± 8,3kgf e o escore do questionário de fadiga apresentou uma média de 2,28 ± 
0,93 pontos. Entretanto, foi observada baixa correlação entre as medidas da CVM e os escores do questionário 
utilizado. Conclusão: Os trabalhadores do setor calçadista apresentaram força muscular abaixo do nível da 
população brasileira, o que sugere a ocorrência de fadiga muscular, porém, observou-se baixa correlação com 
a percepção de fadiga relatada.

Palavras-chave: Fadiga. Fadiga muscular. Dinamômetro de preensão palmar. Saúde do trabalhador.

Introduction

The footwear industry is an important economic 
sector in Brazil (1). Despite the increasing industri-
alization process, the line of production of the foot-
wear industry still involves a high demand of muscle 
strength and repetitive motions that can lead to a state 
of fatigue (2-4). The work volume and the pressure to 
increase production, alternating shifts, the existence of 
physical risks and the lack of independence can be as-
sociated with this condition (5). Workers with fatigue 
have low productivity, with a higher risk of accidents 
at work, which can affect the worker’s health (6,7).

Muscle fatigue can be de ined as any decrease in 
the capacity of the neuromuscular system to gener-
ate force (8). This condition can promote changes 
in the propagation of muscle action potentials, in 
the contractile muscle mechanisms and, also, in ion 
concentration, which are important for sustaining 
muscle contraction (9). Additionally, muscle fatigue 
is considered a complex physiological process, which 
involves a variety of body systems with the goal of 
avoiding irreversible damage or even cell death (10).

The understanding of the causes of muscle fatigue 
is a subject area that, although increasingly studied, 
is still controversial. Due to the multidimensional 
concept that includes physiological and psychologi-
cal aspects, quantifying the symptoms that precede 
the reduction in the ability of the muscle to sustain 
a level of strength is a highly complex problem in the 
clinical setting (8).

Muscle strength is an important component relat-
ed to subject performance. The increase or decrease 
in muscle strength can in luence the productivity of 
workers and contribute to the development of mus-
culoskeletal disorders in different work settings (11, 
12). Thus, the measurement of grip strength permits 
us to establish a parameter of the functional integrity 
of the upper limbs (13). 

In ergonomic practice, questionnaires and ergo-
nomic tools are frequently used to evaluate fatigue 
and working conditions, due to their practicality and 
low cost (4, 5). Although many instruments have been 
validated, some degree of subjectivity is inherent to 
the questionnaires due to the self-answer provided 
by the worker at the time of questionnaire application 
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or interview. Therefore, the objective of the present 
study was to evaluate grip strength and its correlation 
with the perception of fatigue reported by workers 
in the footwear industry.

Methods

Participants and location of the study

This was an observational and cross-sectional 
study conducted in order to assess grip strength and 
its correlation with workers’ perception of muscle 
fatigue in the footwear industry in the city of Franca.

The study included 32 male workers with a mean 
age of 34.63 ± 11.98 years. The mean height of the 
participants was 1.80 ± 0.08 m, the mean weight was 
81.29 ± 16.92 kg, and the mean body mass index was 
25 ± 4.29 kg/m². Newly hired workers, those with 
less than a year on the job, those with hand injury 
or pain at the time of testing, and those who refused 
to participate voluntarily were excluded from the 
study. The study was approved by the Research 
Ethics Committee of the University of Franca (CAAE: 
24308313.5.0000.5495), and all subjects gave writ-
ten informed consent to participate. 

Dynamometer

 
A Jamar® handgrip dynamometer was used to de-

termine handgrip strength. The device consists of a 
hydraulic system for the measurement of maximum 
voluntary contraction (MVC) of palmar prehension 
and is appropriate for determining the amount of 
force exerted (8.9). The dynamometer provides a 
measure of the handgrip MCV in kilogram force (0 
to 90 kgf) and pound force (0 to 200 lbs). The de-
vice is inexpensive, can be easily transported, can 
be applied rapidly, and is easy to handle (14, 15). 
The dynamometer is considered to be the "gold 
standard" for the measurement of grip strength 
and is recommended by the American Society of 
Hand Therapists (ASHT) as a widely used reliable 
assessment tool (14 - 17).

Bipolar Questionnaire Fatigue 

The Bipolar Fatigue Questionnaire consists of 
14 questions that are geared to measure worker’s 
fatigue. The scores of the instrument range from 

1 to 7 points. The questions are related to the de-
gree of tiredness, poor concentration, nervousness, 
compromised productivity, eye strain, pain in the 
muscles of the neck/shoulders, back pain, lower 
back pain, thigh pain, leg pain, foot pain, headache, 
pain in the right arm/wrist/hand, and pain in the 
left arm/wrist/hand. The subject is instructed to 
state what he is feeling at the time of the interview. 
For example, “Question 1 - How much are you feel-
ing rested (1 – 2 – 3 – 4 – 5 – 6 – 7) or tired? Values   
closer to 1 indicate "no fatigue" and values   closer 
to 7 indicate "higher level of fatigue" like a Likert 
scale (18). According to the questionnaire score, 
the fatigue of the participants was classified as: 
1 ----- | 3 absence of fatigue, 3 ----- | 5 moderate 
fatigue, and 5 ----- | 7 intense fatigue. The question-
naire should not be applied to workers who have 
been performing their function for less than two 
months or who have returned from vacation within 
the last three weeks (18).

Data collection

Two examiners properly trained in operating 
the instruments of measurement carried out the 
strength and fatigue assessments. The partici-
pants answered the Bipolar Fatigue Questionnaire 
and a questionnaire regarding sociodemographic 
and occupational information, with questions re-
lated to age, marital status, job function and time 
of work in the footwear industry. Subsequently, 
the examiners determined the handgrip MVC. In 
order to measure grip strength, the participants 
were placed in a sitting position with the shoul-
der adducted and neutrally rotated, elbow flexed 
at 90 degrees, forearm in neutral position, wrist 
between 0 and 30 degrees of extension, 0 to 15 
degrees of ulnar deviation, and forearm unsup-
ported, according to ASHT recommendations 
(19). The dynamometer handle was adjusted to 
the second position according to the size of the 
workers’ hand, and the test was performed only on 
the dominant side. The examiner provided verbal 
instruction by asking the participant to maximally 
grip the handle after the command “go!” (20). This 
procedure was repeated three times, with an in-
terval of one minute between each measurement 
to assist in muscle strength recovery (21). The av-
erage value of the three measurements of the iso-
metric MVC was recorded in kilogram-force (kgf ). 
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Following the MVC measurement, the participant 
answered the Bipolar Fatigue Questionnaire in 
a quiet environment provided by the company. 
Both instruments were applied on the same day 
of the week (Friday), in the morning, before the 
workers started their work day.

Data analysis 

The Excel spreadsheet was used to obtain the 
mean, standard deviation, and absolute and relative 
values. The mean and standard deviation were used 
to express the results obtained with the strength 
and fatigue questionnaire test. Correlations were 
tested using Pearson’s correlation coefficient. 
The level of significance adopted was p <0.05. All 
analyses were performed using the STATISTICA 
data analysis software system, version 7 (StatSoft, 
Inc., 2004). 

The degree of correlation was classi ied as fol-
lows: very low (0.20), low (0.21 to 0.40), moderate 
(0.41 to 0.60), high (0.61 to 0.80), and very high 
(0.80 to 1.0) (22).

Results

The majority of the workers were married 
(53.13%), performed cutting functions (31.25%), 
had been working in the footwear industry for 1-5 
years (50.0%), and 22 (68.75%) reported having 
never been temporarily away from work (Table 1).

The grip strength mean value was 23.1 ± 8.3 
kgf. The mean grip strength was 23.1 ± 8.3 kgf 
(range: 5.0-36.7 kgf ). 

The mean score in the Bipolar Fatigue 
Questionnaire was 2.28 ± 0.93 points, with 26 
(81.25%) workers being classified as having no 
fatigue, 6 (18.75%) as having moderate fatigue, 
and none as being severely fatigued. 

Figure 1 shows the dispersion of the values   
of the correlation between grip strength values 
and fatigue questionnaire scores. This analysis 
showed a low and nonsignificant correlation
(p = 0.199, r = 0.233).

Table 1- Distribution of workers according to marital 
status, job function and time of work in the 
footwear industry

Variables N %

Marital status

Married 17 53.13%

Single 14 43.75%

Divorced 1 3.13%

Widowed 0 0.00%

Job function

Cutting 10 31.25%

Preparation 1 3.13%

Stitching 0 0.00%

Finishing 6 18.75%

Mounting 7 21.88%

Others 8 25.00%

Time of work in the footwear industry 

1-5 years 16 50.00%

6-10 years 5 15.63%

11-15 years 6 18,75%

16-20 years 2 6.25%

21-25 years 1 3.13%

26-30 years 2 6.25%
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Figure 1 - Scatter plot correlation between grip force (kgf) and 

scores of fatigue questionnaire

Discussion

The present results indicate that workers in the 
footwear industry have reduced muscle grip strength 
compared to the normal values for healthy popula-
tions (23, 24). The fatigue is related to decreased 
strength sensation, the need for rest, as well as to the 
muscular response and the inability of skeletal mus-
cle to maintain the same performance (25). However, 
even when the grip strength is below normal lim-
its, the workers can still perform all required tasks 
(26). The reduction in grip strength in the industrial 
sector, and among the production line workers in 
particular, can be related to performing repetitive 
movements, engaging in awkward postures, lack of 
available ergonomic equipment, and lack of resting 
breaks (4, 11, 27).

The hands are an essential tool to perform 
work tasks and are able to exert forces that can ex-
ceed 445 N or 45 kg (28, 29). According to Napier 
(30), the thumb is largely responsible for hand 
efficiency and, depending on the type of activity 
performed, the hands may acquire a great increase 
in strength. However, performing the same task 
for long periods of time without resting inter-
vals can lead to fatigue and, as a result, decreased 
muscle strength (31, 32).

Handgrip strength reaches maximum values   dur-
ing adulthood. After this period, a gradual decline 
occurs that may be related to the loss of muscle mass 
(13, 33). The workers who participated in the pres-
ent study were males and, on average, young adults 
according to the WHO. This negatively impacts the 
interpretation of the results and shows the early loss 
of muscle strength in this population. Thus, the early 
loss of muscle strength can be an important indicator 
of the presence of early fatigue due to overuse, which 
can contribute to soft tissue damage. The early detec-
tion and assessment of muscle weakness can be an 
important sign of the occurrence of muscle fatigue. 
Therefore, it is recommended ergonomic interven-
tions and preventive measures to be adopted in order 
to avoid possible soft tissue injury and to prevent 
occupational diseases in workers.

The assessment of isometric handgrip MVC per-
mits the analysis of adaptations of extrinsic and 
intrinsic hand muscles exposed to loads during a 
speci ic task (34). In the present study the hydraulic 
handgrip dynamometer was used since it can be ap-
plied to a large number of individuals from different 
populations, such as healthy individuals (23, 24) and 
those affected by neurological (35), orthopedic (36) 
psychiatric (37), and heart diseases (38).

Early muscle fatigue can be a debilitating symptom. 
Its evaluation allows to characterize and quantify this 
symptom, and thus serves as a resource for clinical 
diagnosis and for the selection of the best treatment 
strategy for the patient and for the determination of 
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whether the chosen treatment is effective (39). It can 
be assessed subjectively through self-report measures 
with the use of questionnaires or scales based on the 
perception of the individual (40).

On the other hand, the results of the fatigue analy-
sis using the Bipolar Fatigue Questionnaire indicated 
that 81.25% of the workers had no fatigue, 18.75% 
had moderate fatigue, and none of the workers was 
rated as severely fatigued. These results may be asso-
ciated with the workers’ age (young adults) and their 
time of work in the footwear industry (less than ive 
years). It is possible that young workers with little 
time of work feel inhibited or uncomfortable in an-
swering the questionnaire. Although this instrument 
is widely used in ergonomic practice by companies, 
no scienti ic studies are available for comparison with 
the results of the present study.

The present findings showed a low correla-
tion between measures of muscle strength and the 
perception of fatigue obtained with the Bipolar 
Fatigue Questionnaire. This low correlation may 
indicate the necessity to pay careful attention dur-
ing the application and interpretation of question-
naires in the workplace. Self-applicable instru-
ments are commonly used to assess the workers’ 
conditions. Questionnaires are easy and fast, are 
of low financial cost, and can be applied instantly 
to a large number of individuals (41, 42). However, 
these instruments are often subjective, and the 
worker’s response can be influenced by several 
factors. Among them, the workers may be appre-
hensive about reporting their own condition due 
to the fear of possibly represent a problem for 
the company although the study had kept their 
information private.

Given the results of the present study, it is neces-
sary to consider some limitations: there is no study 
about the psychometric properties of the Bipolar 
Questionnaire Fatigue test; there are many questions 
about pain intensity and the lack of a speci ic ques-
tion about fatigue intensity in the Bipolar Fatigue 
Questionnaire; the questionnaire was applied only 
once to the workers; the small sample size of this 
study; and the lack of scienti ic studies on the mea-
surement of isometric MVC with a hydraulic handgrip 
dynamometer in this population (footwear workers). 
Therefore, there is a need for more studies evaluat-
ing the muscle fatigue of workers in order to better 
understand the mechanisms and to propose interven-
tion strategies for the prevention of this phenomenon.

Conclusion

The handgrip strength values   for the workers 
studied here were lower than those   for the general 
Brazilian population, a fact that may indicate pos-
sible muscle fatigue among these workers. No signi i-
cant correlation between grip strength and reported 
perception of fatigue was observed. These indings 
suggest the necessity to pay careful attention in in-
terpreting the results obtained from questionnaires.
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