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Abstract. This research was conducted with slaughterhouse female workers in the municipality of São Miguel do Iguaçu, 
state of Parana, Brazil. The sample was composed of 103 women aged 25 to 40 ± 7.57 years, and the study aimed to verify the 
nerve conduction of the median nerve. An esthesiometer consisting of a Semmes-Weinstein monofilaments was used to 
measure the hand skin sensitivity in the region of the median nerve and a Jamar® hand dynamometer, which was used to de-
termine the handgrip strength. About 81% of individuals had normal sensitivity with 0.05 g and average levels of handgrip 
strength in dominant hand (DH) of 35.30 kgf (± 3.10) and in the non-dominant hand (NDH) of 28.30 ± 3.09 kgf. 14% of indi-
viduals had reduced sensitivity, with values equivalent to 0.2 g and 2.0 g (blue and violet) and levels of handgrip strength in 
the DH equal to 28.10 kgf (± 2.90) and in the NDH of 26.40 kgf (± 3.28). 5% of individuals showed bilateral sensitivity deficit 
(4.0 g) and levels of handgrip strength in the DH of 16.10 kgf (± 2.10) and in the NDH of 18.20 kgf (± 3.28), resulting in a 
strong correlation between handgrip strength and sensitivity of the median nerve (r = 0.786) between variables dominant hand 
(DH) and (r = 0.626) for the non-dominant hand (NDH). It could be concluded that assessing the nerve conduction of the me-
dian nerve by hand esthesiometry can be an important tool in preventing the Carpal Tunnel Syndrome. 
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1.  Introduction 

In contemporary Brazil, the meat processing in-
dustry has increased significantly, which represents 
an important landmark in the country's economy. 
Increasing export levels are clear evidence of this 
fact, resulting in a great generation of jobs in this 
sector [2]. However, the intense pace of work and 
lack of breaks to recover from fatigue in slaughter-
houses in Brazil is the leading cause of Repetitive 
Strain Injuries (RSI) and Work-Related Upper Limb 
Disorders (WRULD). It is widely known that RSI 
arise in subjects exposed to continuous and repetitive 
activities, who present complaints of pain, affecting 
mainly the upper limbs [8]. Among its many manife-

stations, the Carpal Tunnel Syndrome results from 
the compression of the median nerve in the carpal 
tunnel causing reduction in nerve conduction to hand, 
affecting the worker’s strength and sensitivity [41]. 
In this context, this study was aimed at analyzing the 
relationship between handgrip strength and hand tac-
tile sensitivity, corresponding to the skin of the me-
dian nerve that controls the flexor muscles of forearm 
and hand. 

Assessing sensitivity is very important for the 
prevention of peripheral neuropathy, since its 
diagnosis will contribute to prevent the advance of 
syndromes of peripheral nerves [5,12]. An instrument 
successfully used in the recovery of neurological 
injuries, especially diabetes and leprosy, is the 
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Semmes-Weinstein® monofilament, which was 
introduced in Brazil in the early 1980's [9,10,40, 
47,50]. In Brazil, the Ministries of Health recognizes 
the importance of assessing the sensitivity as a tool 
for preventing injuries of the peripheral nerves, 
which is frequently reported in the handbook for the 
prevention of disabilities [11]. 

The sensory nerve stimulation in the extremities 
provides a nerve impulse to the Central Nervous 
System (CNS), which according to its specific area, 
codes, i.e., translates the impulse in its different 
forms of somesthesia [29]. These authors reported 
that the somatic region of the cerebral cortex is 
responsible for the transmission of sensory 
information through the peripheral nerves, which are 
provided by receptors located in the skin that through 
the afferent system, detect the sensory stimuli of 
cold, heat, sound, light, pain and touch [66]. 

The cerebral cortex is responsible for receiving 
sensitive information after stimulation, translating 
them and providing motor responses that can be both 
voluntary and involuntary [6,25], which is located at 
the outer region of the brain and is responsible for 
storing experiences, reception of sensory inputs and 
motor actions [13]. In this context, it is observed that 
the somatotopic structure indicates that the hand has 
a large area in the cerebral cortex; therefore, any 
nervous change in this representation will provide 
sensitivity changes in the individual [23]. 

The skin has receptors of deep, superficial and 
combined sensitivity, and the stimuli are captured by 
exteroceptors through the skin and subcutaneous 
tissue, responsible for the somesthesia of pain, 
temperature, touch and pressure [19]. 

The hand is the most important human organ to 
perform daily activities, with great mobility and 
stability to its articulation with wrist and fingers 
allows it a large number of functions, especially 
sensory and grip capacity, giving human beings the 
ability to perform complex to vigorous movements 
[30].   

The skin has mechanoreceptors called Merkel's 
disk, free nerve ending, Meissner corpuscle, a hair 
follicle receptor, Pacinian and Ruffini corpuscles [8]. 
Each of these receptors has sensitivity capacity [19]. 
Thus, information obtained from the sensory signals 
of the skin is an important feature of the motor 
functionality [39]. 

The skin sensory receptors are distributed in the 
hairless and haired skin, and the Meissner corpuscle 
is responsible for touch, the Pacinian corpuscle for 
pressure, the Krause corpuscle for cold, the Ruffini 
corpuscle for heat and the free nerve endings for pain 

[8,37,52]. In this sense, it is observed that the hairless 
skin has higher sensitivity, becoming an important 
site for the use of smooth skin in checking sensitivity 
and motor dysfunctions [35].  

A major advantage in assessing the sensibility of 
peripheral nerves through the use of Semmes-
Weinstein esthesiometer is its easy application, low 
cost and the fact that the individual is blindfolded, 
making the achievement of false data impossible, 
which is a peculiar situation in the workplace where 
employees perform their duties with insecurity and 
fear of losing their jobs. In this context, Semmes-
Weinstein monofilaments® have wide use in 
assessing tactile and pressure sensitivity and in 
peripheral neuropathies of upper and lower limbs 
[11]. 

Consisting of a set of colorful monofilaments, 
Semmes-Weinstein monofilaments exert different 
pressures, which are detected according to their 
color, being green (0.05 g), blue (0.2 g), violet (2.0g) 
and dark red (4.0 g), which range according to the 
loss of neural function (figure1). 
 

 
 

 
Fig. 1 - Semmes-Weinstein monofilaments used in esthesiometry. 

Source: [9, p.60]. 
 

Pressures indicate the severity of nerve damage, 
the greater the pressure on the innervated points, the 
greater the severity of the injury, being an instrument 
easy to apply [11]. 

The sensory receptors of heat, cold, pressure, 
touch and pain are found in the distal regions of the 
peripheral nerves, which are interpreted in the 
cerebral cortex for the later performance of the motor 
action [11,20,31,42,48,66]. The muscle functional 
capacity depends exclusively on the integrity of its 
neural pathway, because when the muscle has the 
nerve conduction under declining process, its atrophy 
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begins, with decreased volume, loss of strength and 
sensitivity. Thus, measuring the strength in this case 
is of fundamental importance for early diagnosis [1]. 

The human hand is a multifunctional organ, being 
able to perform both power movements as delicate 
activities with sensitivity, which is essential for 
carrying out daily activities (DAs), but becomes 
useless if its neurological command stops working. 
When the conduction of the nerve that innervates the 
hand suffers an injury, all its functionality is impaired 
[30,60,70]. With innervation originating from the 
brachial plexus, in roots from C5 to T1, its motor 
functionality depends on the neural normality of the 
upper limb [14,30,33,46]. 

The brachial plexus is formed by the union of 
ventral rami of C5, C6, C7, C8 and T1, and in some 
cases, it can have the participation of C4 and T2. 
Roots C5 and C6 unite, they form the upper trunk, 
root C7 individually forms the middle trunk and roots 
C8 and T1 together form the lower trunk [58]. 
Continuing in the function of the brachial plexus, the 
upper, lower and middle trunks divide and form 
regions that innervate the anterior structures, 
responsible for the flexor action and posterior 
structures, responsible for the extensor action of the 
upper limb muscles [51]. Injuries of the peripheral 
nerves, which are more common in the upper limbs, 
provide serious consequences, because besides the 
loss of motor and sensory function, the functional 
disability will also lead to mental problems 
[42,44,57]. Thus, it is important to emphasize that 
individual factors such as gender and age will 
influence both in the emergence and in the recovery 
of the affected nerve [17]. 

The median nerve has its origin in the ventral 
rami of C8 and T1, innervating the muscles of the 
anterior forearm and short muscle of the thumb, 
being the main nerve responsible for the hand motor 
function, and when it is compressed at the carpal 
level, a pathology very common among workers 
occurs, affecting mainly women, called Carpal 
Tunnel Syndrome [69]. This author reports that the 
median nerve can be compressed during its pathway, 
leading to the appearance of the Pronator Teres 
syndrome, Anterior Interosseous Syndrome and 
Carpal Tunnel Syndrome, the latter being the most 
common among workers who perform repetitive 
tasks [31]. These authors report that the median nerve 
innervates the following muscles: palmaris longus, 
flexor carpi radialis, flexor digitorum superficialis of 
fingers, flexor digitorum profundus of index and 
middle fingers and square and round pronators 
(Figure 2). Therefore, when these muscles are 

affected, all the hand functionality will be 
compromised. 
 

 

 
Fig. 02 - Innervation by the median nerve. Source: [34, p.320]. 

 
Several factors influence the health of workers, 

among them awkward postures, frequency of 
repetitive movement, use of force, lack of recovery 
pauses and anthropometric factors, which contribute 
to the emergence of compressive syndromes in the 
workplace, especially affecting women due to 
anthropometric and physiological differences [15]. 
Unfortunately, this situation persists today in work 
environments where men and women perform the 
same functions, highlighting the work organization of 
slaughterhouses, which impairs the development of 
prevention projects, contributing to the emergence of 
work diseases [56]. 

2. Method 

2.1. Participants 

 
This is a cross-sectional and observational re-

search conducted with pig slaughterhouse workers in 
the city of São Miguel do Iguaçu, state of Paraná, 
Brazil. The sample was composed of 103 women 
aged 25 to 40 years, placed in jobs whose activities 
were repetitive by nature. Permission to participate in 
the study was obtained through the free and informed 
consent form (FICF). The procedures were approved 
by the local Committee for Ethics in Research with 
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Human Subjects, according to the Declaration of 
Helsinki. 

 

2.2. Instruments 

Data were collected using two different tools: an 
esthesiometer composed of a Semmes-Weinstein 
Monofilament kit, whose purpose was to measure 
hand skin sensitivity in the region of the median 
nerve.   

The protocol used for carrying out handgrip 
strength assessments was the same adopted and rec-
ommended by the Brazilian Society of Hand and 
Upper Limb Therapists (Figure3) [1].  
 

 

 
 
Fig. 3 - Handgrip strength. Source: [Athor] 

 
The sensitivity measure corresponds to the thick-

ness of the monofilament perceived by the subjects 
evaluated during the tests, and results could range 
among four categories according to the pressure on 
the skin in the chosen region, measured in grams 
(green – 0.05g, Blue - 0.2 g, Violet -2.0 g and Red - 
4.0 g) from green, which represents normal sensitivi-
ty to red, which represents a total sensitivity deficit 
(Figure 4), and a Jamar® hand dynamometer, used to 
measure the handgrip strength in kg / strength (kgf) 
(Figure 3).  

 
 

 

 
 

Fig. 4 - Sensibilidade do Nervo Mediano Fonte: Fonte: [Autor] 
 

2.3. Data Analysis 

Collected data were statistically analyzed by the 
Pearson correlation test, with the aid of the SPSS 
14.0 software for Windows [7]. 

 
 

3. Results 

According to Table 1 the esthesiometry results 
indicated that 81% of individuals assessed have nor-
mal sensitivity (green) and average handgrip strength 
levels in dominant hand (DH) of 35.30 kgf (± 3.10) 
and in non-dominant hand (NDH) of 28.30 ± 3.09 
kgf. For those who showed decreased sensitivity 
(14%), values were equivalent to 0.2 g and 2.0 g 
(blue and violet) and  handgrip strength levels in DH 
equal to 28.10 kgf (± 2.90) and in NDH to 26.40 kgf 
(± 3.28). Another 5% of the individuals had bilateral 
severe sensitivity deficit (4.0 g) and handgrip 
strength levels in the DH of  kgf 18.20 (± 3.28) and 
in the NDH of 16.10 kgf (± 2 10). The results indi-
cated a strong correlation (r = 0.786) between the 
variables related to the DH and in relation to the 
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NDH, slightly less significant (r = 0.626). These re-
sults indicate a higher probability of carpal tunnel 
syndrome occurrence in the DH, since the smaller the 
handgrip strength, the greater the association with 
hand sensitivity deficit. 
 

Table1 
Influence of Handgrip Strength in the nerve conduction of Medial 

Nerve 
 

 

4. Discussion 

The isometric grip force of hand fingers is an 
important diagnostic of the upper limb functionality, 
and when damaged due to a weak innervation of the 
ulnar, median and radial nerves, represents an 
important indicator of RSI / WRULD [59]. Thus, it is 
important to emphasize that the human hand has high 
sensitivity level, being an organ of extreme 
importance to the social and economic life, its 
movements are manifested and controlled by the 
cerebral cortex and its innervation originates in the 
brachial plexus, in roots from C5 to T1. In this 
context, when this innervation is affected, especially 
in the chronic phase of RSI / WRULD, all the basic 
functions for daily activities (DA), leisure and work 
will be damage, sometimes progressing to a total loss 
of function of this limb [8,16,20,21,48,53,64,72,73]. 

It has been observed that due to the search for 
productivity linked to inappropriate work 
environment and repetitive movements, disorders of 
the peripheral nerves, mainly in the upper limbs are 
frequent, and traumatic, compressive and 
degenerative complications are frequent within work 
organizations [68]. 

Resulting from the compression of the median 
nerve at the carpal tunnel level, the Carpal Tunnel 
Syndrome (CTS) provides motor and sensory 

disorders, affecting mainly strength and sensitivity 
[65,70]. 

Any injury to the peripheral nerves of the upper 
limbs will be perceived by the hand receptors, since 
the neurological block, mainly of roots from C5 to 
T1, will impair the hand somesthesia, so that the use 
of the hand sensitivity is of fundamental importance 
to diagnose the affected nerve [34,61]. 

A nerve dysfunction should be detected early, 
which is a vital factor for an effective prevention of 
the injury, underscoring the hand sensitivity, since a 
compressive neuropathy of the upper limbs will 
provide loss of sensitivity, compromising the motor 
function [38]. 

The prominent growth of compressive syndromes 
of the nervous system concerns the occupational 
medicine, since the early diagnosis is still very 
difficult, mostly due to the lack of information 
provided to the employee or simply due to omission; 
they reach the chronic stage, leading to irreversible 
sequelae to sensitivity and motor functionality [18]. 
These authors report that all symptoms should serve 
as a warning, emphasizing formication, burning, and 
loss of sensitivity, since muscle atrophy and loss of 
strength indicate that the disease is in advanced stage, 
thus allowing for early intervention of nerve 
conduction disorders in order to prevent the reduced 
functionality of the affected nerve. 

When the median nerve is affected, the entire 
handgrip strength will be impaired, since this nerve is 
responsible for the innervation of the thumb, index 
fingers and half of the ulnar nerve, being also 
responsible for the innervation of the opponens 
pollicis muscle, abductor pollicis brevis muscle, short 
flexor of the thumb and lumbrical muscle of middle 
and index fingers [4,26]. Neurological deficit should 
not be confused with fatigue arising from physical 
stress, since lactic acid and high levels of cortisol 
will contribute by the fall of motor units, to slower 
the muscle fiber velocity. These authors also reported 
that in both cases, the force is decreased [27]. 

Individuals affected by deficit of sensitivity have 
great difficulty in the performance of DAs, and falls, 
trips, dropping objects and breaking sensitive 
materials is a constant [22]. Thus, it is observed that 
the loss of sensitivity in the peripheral nerves of the 
upper limbs will contribute to the loss of strength, 
significantly affecting the autonomy of the affected 
individual [22,32,36,55,63].  

Based on these findings, it could be concluded 
that evaluating the nerve conduction of the median 
nerve by hand esthesiometry could be an important 
tool in the ergonomic analysis and periodic examina-

kgf/Gender Handgrip 
force 

Sensitivity of the Medial Nerve 

DH 35.30±3.10 
kgf. 

0.05g - Normal Sensitivity 

NDH 28.30±3.09 
kgf. 

0.05g - Normal Sensitivity 

DH 28.10±2.90 
kgf. 

0.2g and 2.0g  
 Reduced Sensitivity   

NDH 26.40±3.28 
kgf. 

0.2g and 2.0g - Reduced Sensi-
tivity 

DH 18.20±3.28 
kgf. 

4.0g - Sensitivity deficit 

NDH 16.10±2.10 
kgf. 

4.0g - Sensitivity deficit  
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tions of workers from these companies. Thus, this 
low-cost tool can be used in the prevention of the 
Carpal Tunnel Syndrome, preventing it from reach-
ing the chronic stage of the injury. 
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