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Abstract. [Purpose] This study aimed to examine the effects of muscle fatigue on skin sensation by looking at
changes in two-point discrimination (2PD) after inducing muscle fatigue. [Subjects] Thirty-four young and healthy
adults with no pathological symptoms (17 males; 17 females) participated in this study. [Methods] Continuous iso-
metric contraction was applied to the upper and lower extremities with an intensity of 50% of the maximal muscle
strength to trigger muscle fatigue, and then the 2PD test was conducted on the 3 cm medial area of the elbow and
5 cm area of the knee bone. [Results] After muscle fatigue was induced, the 2PD distance significantly increased in
the upper and lower extremities of both males and females. Before triggering muscle fatigue, the 2PD distance was
longer in males than females, but after causing muscle fatigue, there was no difference between males and females.
The increase in 2PD distance after the experiment was more significant in females than males. [Conclusion] Muscle
fatigue has an effect of reducing the skin’s sensory faculty by increasing the 2PD distance in the skin. There is a
difference in the response of the skin according to body area and gender; therefore, caution is needed to avoid trig-

gering fatigue during exercise.
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INTRODUCTION

Sensory information about human movements is obtained
by comprehensively processing proprioceptive sensations
provided by cutaneous afferent sensory organs as well as
articular mechanoreceptors and muscle receptors!). Humans
maintain an appropriate posture and perform precise motions
based on information sent by proprioceptive sensory organs.
Among the different senses, the tactile sense provides
sensory information that flows from the external environ-
ment’s stimulating sensory organs within the skin. It works
as a protection mechanism against harmful stimuli, enables
communications between the external environment and the
human body, and plays an important role in postural control
and maintenance during human movement and work?.

However, the sensations are influenced by age®), weight®),
skin temperature®), disease®, muscle fatigue”), and gender®.
Among the factors that affect sensation, muscle fatigue that
occurs due to muscle contraction activity lowers position
sense ability, possibly triggering problems with motor and
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postural control capabilities”. It is known that during iso-
metric exercise, the intramuscular temperature goes up; as
a result, afferent sensory fibers of the muscle spindles and
the Golgi tendon organs are activated, and activity of the
secondary sensory ending is reduced or stopped, leading to
errors in proprioceptive sensation and as a result decreasing
tactile sense sensitivity in the skin'?.

Many studies have evaluated changes in proprioceptive
senses using a joint repositioning ability test’: ! and a
force reproduction test!? of certain muscles after triggering
muscle fatigue through muscle contraction exercises. These
studies have limitations in that they focused on changes
in sensory receptor and motor neuron activation, and such
tests are difficult to conduct. On the other hand, among the
different methods used to evaluate proprioceptive sensation,
two-point discrimination (2PD) is a technique that measures
tactile spatial acuity'?. It is not difficult to take a precise
and reliable measurement with this method; therefore, it is
widely used to assess proprioceptive sensation®. As a kind
of cutaneous sensory assessment technique, 2PD is an essen-
tial evaluation method to test the sensory ability of patients
with peripheral afferent nerve injury'®). Many clinicians use
it in order to judge sensory perception ability and changes by
measuring intracutaneous sensory innervation density and
functional tactile sensitivity of the distal segments!.

Currently, there are not many studies that have examined
the effects of muscle fatigue on cutaneous tactile sense. Ac-
cordingly, the aim of this study was to examine the effects
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of muscle fatigue on skin sensation by looking at changes
in 2PD after triggering muscle fatigue using isometric exer-
cises of the upper and lower extremities.

SUBJECTS AND METHODS

Thirty-four young and healthy adults (17 males; 17
females) participated in this study. They had no musculo-
skeletal system disease, skin disease, scars, burns, or dermal
hypersensitivity. All subjects read and signed consent forms
in accordance with the ethical standards of the Declaration
of Helsinki. In order to cause muscle fatigue of the upper
and lower extremities, an mtd feedback ball system (MTD
Systems LLC, Neunburg v. Wald, Germany) was used to
measure maximal muscle strength of the upper and lower
limbs. The mtd feedback ball system is a motoric rehabilita-
tion tool, and it offers the ability to perform measurement
and training of various individual functions up to complex
ADL functions in physical therapy. Then the subjects were
instructed to maintain 50% of maximal muscle strength.
The point at which they failed to maintain 50% of maximal
muscle strength was designated as the point when muscle
fatigue was triggered. A 2PD test was carried out using an
aesthesiometer (Instrument Company, Lafayette, IN, USA),
a tool for a 2PD test, right after muscle fatigue was induced.
The test was conducted while the subjects closed their eyes.
The shortest for which two points could be felt was con-
sidered the measured value for the 2PD. When the biceps
muscle of the upper extremities was tested, the location
was the 3 cm medial area of the elbow. The rectus femoris
muscle of the lower extremities was also tested, and a 5 cm
area of the knee bone was measured. Measurements were
taken three times for each test, and average values were used
for analysis.

A Wilcoxon test was used to examine 2PD differences
between before and after fatigue, and a Mann-Whitney test
was performed to compare differences in 2DP between the
two groups before and after fatigue. An alpha level of 0.05
was used to test for significance. All data were analyzed us-
ing the SPSS 21.0 statistical software.

RESULTS

The 2PD perception distance significantly increased
in both males and females after including muscle fatigue
(p<0.05) (Tables 1 and 2), which means the sensitivity of
skin sensation decreased after induction of muscle fatigue.
The 2PD perception distance of male subjects was sig-
nificantly longer than that of female subjects (p<0.05). After
muscle fatigue was triggered, the 2PD perception distance
of the male subjects was longer than that of their female
counterparts, but there was no significant difference between
them (p>0.05) (Table 1). The 2PD perception distance of the
upper and lower extremities significantly increased after
muscle fatigue was induced (p<0.05) (Table 2); however,
the 2PD perception distance of the lower extremities was
significantly longer than that of the upper extremities before
and after induction of muscle fatigue (p<0.05) (Table 2).
The 2PD perception distance increased more significantly
in females than males after muscle fatigue was triggered

Table 1. Comparison of distance of 2PD between males and
females before and after fatigue (mean+SD)

units: mm
Variable Time Upper limb ~ Lower limb
. Before 42.8+11.1 31.2+11.12
Distance of 2PD
After 56.29+12.3%  50.24+13.8°

aSignificant difference between males and females (p<0.05)
bSignificant difference between before and after fatigue
(p<0.05)

2PD: two-point discrimination

Table 2. Comparisons of distance of 2PD between the upper
and lower limbs before and after fatigue (mean+SD)

units: mm
Variable Time Upper limb ~ Lower limb
. Before 29.949.0 44141142
Distance of 2PD
After 45.3+10.5° 61.2+10.7°

aSignificant difference between the upper limb and lower
limbs (p<0.05). bSignificant difference between before and
after fatigue (p<0.05)

2PD: two-point discrimination

Table 3. Comparisons of the changes of 2PD between
groups following fatigue (mean+SD)

units: mm
Variable Sex or Limb
Male Female
13.54£3.5 19.0+£7.0*
Changes of 2PD ) .
Upper limb Lower limb
15.4+4.7 17.2+£7.3

*Significant difference between groups (p<0.05)
2PD: two-point discrimination

(p<0.05). The changes in the 2PD perception distance of
the lower extremities were greater than those of the upper
extremities, but they did not significantly differ (p>0.05)
(Table 3). This shows that sensitivity of females to skin sen-
sations decreases more than that of males after the induction
of muscle fatigue.

DISCUSSION

Cutaneous sensory assessment is a general neurologic
examination that evaluates the function of peripheral sen-
sory nerves and appraises temperature, pressure, light touch,
and vibration. In particular, light tough stimulates two points
so0 as not to trigger discomfort on the skin, and the sensory
ability of the skin is evaluated for light touch using the 2PD
test, which estimates the ability to discriminate the distance
between two points'?.

In the present study, how muscle fatigue influences upper
and lower extremity skin sensation of males and females was
examined using 2PD. Using healthy adults in their 20s as the
subjects, this study applied continuous isometric contrac-
tion and triggered muscle fatigue, and it then compared the



result of 2PD tests conducted before and after muscle fatigue
induction. The results showed that both male and female
subjects saw the 2PD perception distance of their upper and
lower limbs significantly increase after muscle fatigue was
triggered.

The reason why muscle fatigue reduces the sensitivity of
2PD on the skin is because the signal transmission speed
goes down in the muscle spindle (the intramuscular motor
system), the Golgi tendon organ, and the intracutaneous so-
matosensory system. As a result, the time taken for sensory
information to be input into the central nervous system and
trigger a response is delayed", and changes in information
input from such sensory organs give rise to errors in the
information processing procedures in the central nervous
system'”. Such changes affect proprioceptive sensation
perception, triggering disability in position sense perception
in the skin, influencing postural control'®), and possibly trig-
gering problems with skin protection mechanisms'®.

Shields et al.D reported that muscle fatigue in the ankle
dorsiflexor decreased the repositioning ability of the ankle,
and Lee and Ha'? noted that muscle fatigue resulting from
isometric contraction considerably reduced the force re-
production ability of the elbow flexors compared with the
ability before muscle fatigue induction. They observed that
these phenomena were due to proprioceptive hypoesthesia
caused by muscle fatigue adversely affecting the motor
control ability of the joints.

Nolan'® performed the 2PD test on the upper limbs of
healthy males and females in their 20s and compared the
results. The forearm was more sensitive than the upper arm,
and the 2PD values of the males were lower than those of the
females. The palmar surface of the hand showed consider-
ably higher sensitivity than other areas of the upper limb.
In a study by Lee®, 2PD sensitivity varied among different
body parts; 2PD was short in the shoulder bone, the thigh,
the lower arm, the top of the foot, and the top of the hand.
In the present study, sensitivity also differed according to
different body areas; 2PD was relatively greater in the lower
limb than in the upper limb both prior to and after muscle
fatigue induction. This is because the upper limbs are areas
that perform more precise movements than the lower limbs;
therefore, they have a higher sensory organ density than the
lower limbs. In this regard, Nolan'® noted that differences
in sensitivity according to different body parts were due to
individual differences rather than embryological differences
or the spinal cord nerve sensitivity of certain areas. The
reason for individual differences has not yet been elucidated.

The present study also identified changes in 2PD accord-
ing to gender. Before muscle fatigue was triggered, the 2PD
distance of the males was significantly longer than that of
the females, but after muscle fatigue was induced, there was
no difference between them. When the changes after muscle
fatigue induction were compared between the two genders,
the changes of the female subjects were relatively larger than
those of the male subjects, and sensitivity to fatigue was
greater in females than males. Nolan'3) compared 2PD be-
tween males and females and found that the medial surface
of the forearm of males was statistically significantly more
sensitive than that of females, but there was no difference
between them in other areas. According to Lee®, the 2PD
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ability of females was better that that of males in the shoul-
der bone, the top of the hand, and the top of the foot; there
was no significant difference between them in the lower arm
and thigh.

Muscles have different nerve signal transmission speeds
and varying action potentials in motor units due to muscle fi-
ber type. The rate of type 1 muscle fibers is higher in females
than males, and the rate of type 2 muscle fibers is higher in
males than females. The cross-sectional areas of fibers are
larger in males than females, action potential intensity tends
to be lower in females than males, torque induction ability
is better in males than females, and resistance to muscle
contraction fatigue is stronger in females than males!®.

In the present and previous studies, 2PD sensitivity dif-
fered according to gender. Overall, this is due to anatomo-
physiological differences in male and female muscles, higher
skin sensitivity in females than males, and environmental
changes affecting females more than males.

In general, a warming-up exercise!” and a moderate
muscular exercise'® are known to improve proprioceptive
sensation. As shown in previous studies, however, exercise
that causes fatigue in the muscles lowers proprioceptive
sensory function, negatively affecting physical control.
The decrease in 2PD capabilities in the present study led to
lower pressure sense perception ability®), which may trigger
problems with object perception ability using tactile senses
as well as postural control ability due to problems with
weight perception by the lower extremities'?). Therefore,
when exercise is prescribed for patients whose propriocep-
tive sensation has been lowered, an exercise regimen that
does not trigger fatigue should be applied in consideration
of differences in sensory perception ability according to age,
gender, and body part. In addition, additional research to dis-
cover anatomo-physiological causes of cutaneous sensibility
differences according to gender is considered necessary.
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