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Introduction
Sensory perception enables human beings to gather infor-
mation on the external environment and is an essential com-
ponent in protection of the body, acquisition of new knowl-
edge and motor skill, and enrichment of everyday life[1-4]. 
Sensation is classically categorized according to superficial 
sense (i.e., pain, temperature, light touch, pressure which re-
ceiving stimulus from cutaneous receptors), deep sense (i.e., 
awareness of joint position and movement which receiving 
stimulus from proprioceptive receptors in tendon, ligament, 
and muscle), and combined cortical sense (i.e., two-point 
discrimination, tactile localization, graphesthesia, which are 
perceived as a combination of multimodal sensory mod-
ules)[5-6]. Internal process of these senses is transferred from 
each sensory receptor to multiple brain structures via the an-
teriolateral spinothalamic tract or the dorsal column-lemin-
scal pathway[3, 5]. It plays an important role in performance 
of coordinated and delicate movement and in learning new 
motor skills by association with many aspects of the motor 
system. On account of prominent issues related to human 
life, an understanding of the sensory processing mechanism 
has been constantly highlighted in the field of neuroscience. 

In addition, various clinical tests have been implemented 
for evaluation of sensory perceptual ability and degree of 
sensory damage. Recent studies have reported that physical 
and neurological functions in humans are physiologically 
modulated by circadian rhythm[7-9]. During a 24-hour time 

period, circadian system controls various physiologic func-
tions in terms of cognitive ability, physical function, and 
metabolic process[5, 10]. Critical time periods to reach optimal 
functional level exist throughout the circadian cycle depend-
ing on various human functions, although there is rhythmic 
deviation of individual characteristics. In particular, abun-
dant features of the sensorimotor system fluctuate according 
to biological rhythm. Many previous chronobiological stud-
ies have reported on detection of circadian fluctuation in 
performing simple motor tasks, fine skilled movement, and 
anaerobic exercise[11-16]. However, to the best of our knowl-
edge, literature concerning variation of sensory function 
according to the circadian cycle is lacking. Therefore, we at-
tempted to investigate the question that whether the function 
of three different sensory modules (i.e., tactile sense, joint 
reposition sense, and two-point discrimination) fluctuated 
according to the effect of the time-of-day in healthy subjects. 

Results
Tactile sense
In tactile sense, the threshold of sensory perception for elec-
tro-tactile stimulation provoked at 18:00 was lower than at 
9:00 and 13:00, although no statistical significance was ob-
served (F(2, 60) = 2.628, P = 0.081). However, the distribution 
of ranking for perception ability in each individual was sig-
nificantly higher at 18:00 than at the other two time points (χ2 
= 34.857, P < 0.05; Table 1).
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Joint reposition sense
In the joint reposition test, no significant differences in raw 
value (F(2, 60) = 0.420, P = 0.651) and distribution of ranking 
for angular error of joint position (χ2 = 4.286, P > 0.05) were 
observed among the three different time points, although per-
formance at 18:00 showed the lowest angular error (Table 1). 

Two-point discrimination
In the sense of two-point discrimination, minimal distance 
for the ability to perceive two points was shorter at 18:00, 
compared to at 9:00 and 13:00, although no statistical signif-
icance was observed (F(2, 60) = 2.513, P = 0.090). However, the 
distribution of ranking for accuracy in perceiving distance 
between two points was significantly higher at 18:00 than at 
the other two time points (χ2 = 34.286, P < 0.05; Table 1).

Discussion
This current study was conducted in order to investigate the 
question that whether optimized threshold of three different 
sensory modules (i.e., tactile sense, joint reposition sense, 
and two-point discrimination) fluctuated with the course of 
time in the day. According to the results, sensory thresholds 
of all modules were generally more sensitive at 18:00, com-
pared with at 9:00 and 13:00, although no significant statis-
tical differences were observed. This nonsignificance is likely 
attributed to the diverse individual differences of receptive 
threshold in each sensory module. However, the distribution 
of order of priority for perceptual ability among three time 
points (i.e., at 9:00, at 13:00, and at 18:00) in each individual 
showed a significant difference in tactile sense and two-point 
discrimination. For example, the distribution of optimized 
perceptual ability at 18:00 was higher than at 9:00 and 13:00 
in the two sensory modules. Accordingly, we confirmed that 
sensory perceptual ability such as somatosensory, proprio-
ception, and discriminative sensation could fluctuate accord-
ing to the effect of time of day, and that sensory threshold 
was optimally more sensitive in the early evening, compared 
with morning and afternoon. 

As these results of our study, many previous investigations 
have reported that various physiologic functions in the hu-
man body fluctuated according to diurnal pattern in terms 
of metabolism, cognitive ability, and motor behavioral func-
tion[5, 8-9, 17-18]. In particular, according to experiments con-

cerning the diurnal effect of motor performances, Bessot et 
al.[19] reported on the chronobiological effect on muscle ac-
tivity and efficient force production during cycling at differ-
ent pedal rates, and Dosseville et al.[20] reported that sponta-
neous motor tempo fluctuated throughout the day in parallel 
with diurnal variation in heart rate. In addition, time-de-
pendent changes in muscle torque under isometric condi-
tion and neuromuscular efficiency in the contractile state of 
muscle by the influence of time of day was observed[11-12, 21-23]. 
As a possible explanation for these fluctuations throughout 
the day, it might be assumed to be physiological changes of 
diurnal pattern, such as body temperature and hormone 
secretion. Many previous studies have suggested a close asso-
ciation of body temperature with muscle performance and 
cognitive abilities[7, 12, 23-25]. Therefore, our results were in ac-
cordance with converging evidence, indicating the existence 
of circadian fluctuation in human physiological components 
from basic biologic function to complex motor ability. 

In comparison among three time periods, the results 
showed that proportion of optimized perceptual perfor-
mance was significantly higher in the early evening than at 
other time points in each of the sensory modules. To the 
best of our knowledge, no evidence concerning time of day 
effect of sensory function has been published. Therefore, 
at present, it is impossible to perform a direct comparison 
of our findings with those of previous studies. However, 
through studies regarding time of day effect on postural 
control ability, we can infer that threshold of human sensory 
receptors also fluctuates throughout the day as a diurnal pat-
tern. Successful execution of postural control is the product 
of dynamic sensorimotor processes by the interaction of 
various sensory modules in terms of vision, somatosensory, 
and proprioception. Many previous studies have reported 
that optimal performance of postural balance was changed 
by the effect of time of day throughout the day. In addition, 
Bougard et al.[26] reported that postural ability is the best 
at 18:00, whereas Forsman et al.[27] reported that it was low 
around midday. These previous results showed correspon-
dence with our findings, indicating that optimized time 
period of the day for perceptual ability was approximately at 
evening time. Possibility of circadian fluctuation might be 
suggested as a rhythm that is close to that of hormone secre-
tion, body temperature, and/or vigilance[25, 28-31]. To the best 
of our knowledge, beside this explanation, no mechanisms

Raw values were expressed as mean ± SD. The first/second/third means distribution of order of priority for perceptual ability among three time 
points (i.e., at 9:00, at 13:00, and at 18:00) in each individual.

Table 1  Variation of three different sensory modules according to time of day

Time of day

At 9:00 At 13:00 At 18:00 P value

Tactile sense Raw value (mV) 1.52±0.47 1.35±0.37 1.25±0.29 0.081

First/second/third 3/4/14 3/14/4 15/3/3 0.000

Joint reposition sense Raw value (V) 11.03±9.28 12.98±10.36 10.50±7.84 0.651

First/second/third 9/4/8 6/7/8 6/10/5 0.369

Two-point discrimination Raw value (mm) 12.00±1.91 11.60±1.92 10.66±2.13 0.090

First/second/third 2/4/15 4/12/5 15/5/1 0.000
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have been clearly clarified to date. Accordingly, circadian 
fluctuation of postural balance might be accompanied by di-
urnal pattern of somatosensory and proprioception, because 
it is closely related to these two sensory modules. 

In summary, we have provided evidence indicating that 
a circadian rhythmic pattern existed in the human senso-
ry system in sensory modules in terms of somatosensory, 
proprioception, and discriminative sensation, along with 
other physiologic functions. In particular, all of the sensory 
modules were modulated into an optimized threshold in the 
early evening at approximately 18:00. A better understand-
ing of the circadian pattern of the sensory system has clinical 
implications for clinicians in performance of a more detailed 
evaluation of sensory function and planning therapeutic 
intervention in patients with neurological dysfunction. This 
study has limitations due to small sample size and just one 
day of observation of circadian rhythm. We suggest that 
further studies including a large sample size and repetitive 
measurements for several days will be required in order to 
solve these limitations. These procedures will lead to high 
generalization and statistical power for elucidation of the 
effect of time of day. 
 

Subjects and Methods
Subjects
Twenty healthy subjects voluntarily participated in this 
study. We recruited them through advertisements posted in 
Yeungnam University College News. The demographic in-
formation is shown in Table 2. They were recruited accord-
ing to the following criteria: (1) no history of neurological 
impairment in brain and spinal cord; (2) no history of mus-
culoskeletal and peripheral nerve injury in the right upper 
limb within the past 3 years; (3) no medication uptake for 
any medical problems within 1 month; (4) no neuropsycho-
logical or psychiatric symptoms. Participants who did not 
have adequate sleep, for at least 7 hours, or who consumed 
alcohol on the day before the experiment, were excluded. 
After attaining a full understanding of the purpose of this 
study, all participants were asked to sign a written informed 
consent form prior to conduct of the experiment. The study 
was approved by the Institutional Review Board of the local 
ethics committee, in accordance with the ethical standards 
of the Declaration of Helsinki.

Methods
Participants were asked to sit comfortably on a chair with 
a back rest in a calm laboratory room. All measurements 
of sensory ability were performed at three time points, ap-
proximately 9:00, 13:00, and 18:00. Measurements of three 

different types of sensory modules were repeated in an order 
that was counterbalanced across the participants for preven-
tion of learning effect. Each one-third of participants was 
allocated into one of three different experimental schedules 
according to time sequence, such as schedule I (i.e., 9:00, 
13:00, and 18:00), schedule II (i.e., 13:00, 18:00, and 9:00 of 
the next day), and schedule III (18:00, 9:00 and 13:00 of the 
next day). All experimental procedures were performed in 
the same laboratory room at the condition of under 55 dB 
noise level. On the day of measurements, all participants 
were asked to perform general daily activity of life without 
heavy physical performance. 

Assessments
Tactile sensory stimulation was generated using a Biopac ST-
M100C stimulator module with a STMISOC isolation unit 
(Biopac Systems, Inc., Goleta, CA, USA). The STMISOC unit 
modulated the current voltage output from the electrodes, 
with constant square pulse. The stimulator module was con-
nected through a serial-interface to a laptop that controlled 
the constant current voltage. Electrical stimulation was 
delivered to the dorsum of the right hand through Ag-AgCl 
disposable electrodes placed 2−4 cm apart, which was mod-
ulated by intensity of current voltage with a gradual increase. 
Participants were asked to notify the experimenter of the 
time point when they felt stimulation of the dorsal skin of 
the hand. The experimenter recorded intensity of current 
voltage (mV) when the participant initially perceived the 
electrical stimulation.

Joint reposition test was performed on the metacarpopha-
langeal joint of the right hand, using a plastic-made frame 
device with an embedded potentiometer. The potentiome-
ter detected flexion and extension motion generated in the 
metacarpophalangeal joint, and these quantities of the joint 
motion were transferred from the analog signal to a laptop 
computer. The signals were analyzed using analog-to-digital 
data acquisition software. The subjects were instructed to 
actively reproduce the position of the metacarpophalan-
geal joint with eyes blinded after 15 seconds, and then the 
joint position was held by the examiner for approximately 
5 seconds. The passively positioned angle was located on 
approximately 50% flexed angles of total range of motion in 
the metacarpophalangeal joint. Angular error (volt) of joint 
reposition between the passively positioned and the actively 
positioned angles was measured. Two assessments were per-
formed repetitively, and the mean value of those trials was 
used. 

Two-point discrimination test was performed using a 
Digimatic caliper (CD-15CPS, Mitutoyo, Kawasaki, Japan), 
in which the tips of two pointers were blunt in order to avoid 
provoking a pain sensation. The instrument was capable of 
digitally applying a gap of 0.01 mm between the two points. 
Two-point sense was touched simultaneously with equal 
pressure on the dorsum of the right hand just proximally be-
low the third metacarpophalangeal joint. Distance between 
the two points was made close with the value gap of 0.2 mm, 
within 5 mm to 20 mm intervals. Minimal value for consis-
tent discrimination of the two points by the participant was 
adopted. Adequate resting time was provided in each stim-

Table 2  Demographic information of subjects

Subjects (n = 21)

Sex (male/female, n) 8/13

Age (year) 22.0±1.6

Height (cm) 165.1±9.9

Weight (kg) 59.0±9.6
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ulus interval in order to minimize neural accommodation 
to the sensory stimulation. For test reliability, all procedures 
were performed by the same examiner.

Statistical analysis
Statistical analysis of all data was performed using PASW 
18.0 statistical package (SPSS, Chicago, IL, USA). One-way 
analysis of variance was used for comparison of differences 
in raw values among the three different time points of the 
day, in terms of tactile sense, joint reposition sense, and two-
point discrimination. In addition, distribution of ranking 
for sensory perceptual ability in each sensory module was 
analyzed by chi-square test. The measurement data were 
expressed as mean ± SD. Criterion for statistical significance 
was set at the level of P < 0.05. 
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