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Abstract
Background: It is unclear whether response time is affected by a stimulus cue, such as a light turned on or off, or if
there are differences in response to these cues during a muscle contraction task compared with a muscle relaxation
task. The objective of this study was to assess the response time of a relaxation task, including the contraction portion
of the task, to a stimulus of a light turned on or off. In addition, we investigated the effect of the pre-contraction level
on the relaxation task.
Results: Contraction response time was significantly shorter during the light-on status than during the light-off status
(P <0.01), and relaxation response time in each maximum voluntary contraction was significantly longer during the
light-on status than during the light-off status (P <0.01). The relaxation response time became longer in order of
25% to 75% maximum voluntary contraction regardless of light-on or -off status, and was significantly longer than
the contraction response time (P <0.05-0.01).
Conclusions: This study found that as the contraction level increased, the relaxation response time became longer
than the contraction response time regardless of light status. However, contraction response time or relaxation
response time findings were opposite to this during the light-on status and light-off status: contraction response
time became shorter in the light-on status than in the light-off status and relaxation response time became longer
in the light-on status than in the light-off status. These results suggest that the length of each response time is affected
by motor control in the higher order brain and involves specific processing in the visual system.
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Background
Motor reaction tasks are a reliable assessment of sensorimotor or cognitive function and are used extensively
to evaluate neural processing mechanisms. Response
time (RT) during these tasks reflects the time needed for
processing a sensory stimulus. Measurement of RT using
electromyogram (EMG) can assess processing time of the
nervous system and measure elapsed time from stimulus
cue to EMG onset (for example, contraction) [1,2] or termination (for example, relaxation) [3,4].
Previous studies have reported that the RT to the
stimulus cue of a light turned on lengthens the time of
the muscle relaxation task more than the time of the
contraction task [5]. On the other hand, Goldstone et al.
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[6] showed that the RT of the contraction task shortens
at the stimulus cue of a light turned on more than a
light turned off. Humans change the excitability level
in the higher order brain by observing behaviors and
facilitating response movements for compatible tasks
rather than for incompatible tasks [7-10]. If there is an
association between a stimulus cue (light on or off )
and each task (contraction or relaxation), the RT in the
relaxation task might be shorter during the stimulus
cue of a light turned off than at a light turned on. However, it is not known whether RT is affected by such a
stimulus cue.
The objective of the present study was to assess the
RT of a relaxation task, including the contraction portion of the task, to a light turned on or off. In addition,
we also investigated the effect of the pre-contraction
level on the relaxation task.
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Methods
Participants

Eight healthy male college students aged between 21 and
29 years participated in this study. All participants provided informed consent, and the study protocol was approved by the ethics committee of the National Institute
of Fitness and Sports in Kanoya.
Experimental procedures

Participants were seated comfortably in a customdesigned chair with the right leg fully extended. A visual
signal was positioned by a red light-emitting diode (LED)
at eye height and 1 m distance. The right foot was placed
on a footplate attached to a resistance arm, which was
counterbalanced at ankle joint angles of 90° of plantar
flexion (that is, where the foot is considered to be perpendicular to the leg); the ankle joint was immobilized.
Following the onset (on) or termination (off ) of light,
participants were asked to perform either an isometric
muscle contraction, against the footplate, as quickly as
possible (contraction task) or a quick release from a voluntary muscle contraction (relaxation task) (Figure 1).
When performing the release, participants were specifically instructed not to activate the antagonist muscle. The
light signal was turned on and off at pseudorandom intervals (2 to 4 s) after a warning signal. The relaxation
tasks used three contraction levels, that is, 25%, 50%, or
75% of the maximum voluntary contraction (MVC), and
light signal was administered only if a stable tonic was
achieved at each level. During the relaxation task, the
inter-trial interval was always greater than 3 min to avoid
the effect of fatigue. Participants were allowed to practice
until they became familiar with the experimental procedure and then performed 12 trials of each task during
eight series (1 ‘contraction’ and 3 ‘relaxation’ tasks in the
light-on or light-off condition, randomly mixed).
EMG recording

EMG activity from over the lateral surface of the right
soleus muscle was recorded using EMG electrodes. The
soleus muscle was chosen because it is a single-joint
muscle [11]. A DL 141 single-differential, parallel-bar
configuration (4 Assist, Inc., Japan) was put on the skin
surface over the muscle. The EMG signal was filtered
during acquisition with a bandwidth of 5 to 500 Hz and a
gain of × 1,000. The signals were digitized at 2 kHz (16 bit,
PowerLab, AD Instruments, Japan). Onset and termination
of EMG activity were recorded and stored for off-line analysis (Chart 6, AD Instruments) on a personal computer.
Statistical analysis

The contraction response time (C-RT) was measured from
the light-on or light-off status to the onset of EMG activity.
The relaxation response time (R-RT) was measured from

Figure 1 Study schematic. Schematic of experimental set-up (a),
and an example of EMG recording in soleus muscle during
contraction or relaxation tasks during light-on status or light-off status
(dotted line) (b). Triangles indicate onset or termination of EMG
signal. C-RT, contraction response time; EMG, electromyogram;
MVC, maximum voluntary contraction; R-RT, relaxation response time.

the light-on or light-off status to the termination of EMG
activity. In the C-RT, the onset of EMG activity was identified from EMG signals using the methods described by
Yotani et al. [12]. The EMG signals were processed using
full-wave rectification (time constant: 0.05 s), and baseline
activity was determined from the 50 ms period prior to
visual cue onset. The threshold was set at above 3 standard deviation of the mean of baseline activity. Muscle
activity onset was defined as the first point at which
the EMG exceeded this threshold for at least 12.5 ms
(25 consecutive samples). If the muscle was determined
to be active, we returned to the threshold (+3 standard
deviation) again and adopted a point of less than 1.5 standard deviation to indicate the onset of EMG activity. Furthermore, in the R-RT, termination of EMG activity was
defined (the full-wave rectified traces) as the time when
EMG activity was consistently below a value corresponding
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to the mean level of EMG signal in the pre-analysis period
of the contraction task [3,4]. For the 12 trials of each
task, the maximal and minimal C-RT and R-RT data
were omitted to prevent anticipatory responses or possible
inattention. The mean RT of 10 trials was taken as the
value for each participant. All data were expressed as
mean ± standard error and were analyzed using two-way
analysis of variance (ANOVA) followed by Tukey’s post
hoc test for comparison of C-RT and R-RT. Results were
considered significant at P <0.05.

Results
Figure 2 shows C-RT and R-RT in each MVC (25% to
75%). Two-way analysis revealed a significant main effect
(light-on vs. light-off; F = 5.87, P <0.05, and C-RT vs.
R-RT; F = 161.64, P <0.01). C-RT was significantly shorter
during the light-on status than during the light-off status
(P <0.01), and R-RT in each MVC was significantly longer during the light-on status than during the light-off
status (P <0.01). In addition, the R-RT became longer
in order of 25% to 75% MVC regardless of light-on
or -off status, and was significantly longer than the C-RT
(P <0.05-0.01).
Discussion
There were two main findings in the present study. First,
the stimulus cue of light (on or off ) had a different effect
on C-RT and R-RT. Second, with increases in contraction level, R-RT became longer than C-RT.
The optic nerve has on-fibers and off-fibers that respond to the on and off status of light, respectively [13].

Figure 2 Mean (±standard error) response time during C-RT
and R-RT tasks. * P <0.01, light-on status vs. light-off status; † P <0.01,
C-RT during light-on or -off status vs. R-RT of 25% to 75% MVC during
light-on or -off status; ‡ P <0.01, R-RT of 25% MVC during light-on or -off
status vs. R-RT of 50% 75% MVC during light-on or -off status; § P <0.01,
R-RT of 50% MVC during light-on or -off status vs. R-RT of 75% MVC
during light-on or -off status; # P <0.05, C-RT vs. R-RT of 25% MVC
during light-off status. C-RT, contraction response time; MVC, maximum
voluntary contraction; R-RT, relaxation response time.
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A previous study using electroretinograms reported that
the latency of response was shorter with light-on than
with light-off [14]. Our results regarding the C-RT might
reflect the effect of these latencies [6], whereas our R-RT
findings are unlikely to be explained by this latency. The
posterior parietal cortex is concerned with visuo-motor
integration [15] and interacts with the cerebellum, which
is critically associated with and mimics sensory-motor
states [16]. Thus it seems likely that the visuo-motor
process is associated with input from each optic nerve.
Therefore, the length of C-RT (or R-RT) during the light
on status (or off status) might involve not only afferent
activity but also higher-order brain processing.
Our second key finding was that R-RT became longer
than C-RT as contraction levels increased. The distal
muscles have a larger cortical representation, and a previous study underlined the functional relevance of the
powerful monosynaptic projections of these muscles
[17]. Studies of movement-related cortical potentials and
functional neuroimaging have shown that voluntary
muscle relaxation is preceded and accompanied by activation of primary and supplementary motor areas
[18-22]. In addition, as the neuronal clusters are connected to the primary motor cortex, it appears that these
connections exert an inhibitory influence, at least in part
[23,24]. The inhibitory influence is generally believed to
test excitability of the GABAA-ergic system in the motor
cortex, as well as short-interval intracortical inhibition
(SICI). Indeed, the SICI decreases just before the onset
of a voluntary contraction [25]. Hence removing ongoing
inhibition can contribute to the increased excitability of
the cortical motor pool, and the opposite process would
occur with voluntary relaxation. Toma et al. [22] suggested that there is an increase in the activity of intracortical inhibitory interneurons that do not generate
potentials. Our results showed that R-RT became longer
than C-RT as contraction levels increased. Considering
the report that R-RT of 30% MVC became longer than
C-RT in crural muscle [5], voluntary muscle relaxation
with an increase in contraction level might produce a
greater time-lag between the decrease of motor output
and the increase of inhibitory activity.

Conclusions
In conclusion, this study found that as the contraction
level increased, the R-RT became longer than the C-RT
regardless of light status. However, C-RT or R-RT findings were opposite to this during the light-on status and
light-off status: C-RT became shorter in the light-on status than in the light-off status and R-RT became longer
in the light-on status than in the light-off status. These
results suggest that the length of each RT is affected by
motor control in the higher order brain and involves
specific processing in the visual system.

Yotani et al. Journal of Physiological Anthropology 2014, 33:23
http://www.jphysiolanthropol.com/content/33/1/23

Abbreviations
C-RT: Contraction response time; EMG: Electromyogram; MVC: Maximum
voluntary contraction; R-RT: Relaxation response time; RT: Response time;
SICI: Short interval intracortical inhibition.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
KY designed and carried out the study, performed the statistical analysis,
and wrote the manuscript. SI helped with the data measurement of subjects.
AY and HN helped with drafting the study design, assisted with data
measurement, and interpreted the data. All authors read and approved the
final manuscript.
Acknowledgements
This work was supported in part by a Grant-in-Aid for Young Scientists (B)
from the Japan Society for the Promotion of Science and from the National
Institute of Fitness and Sports in Kanoya.
Author details
1
National Institute of Fitness and Sports in Kanoya, 1 Shiromizu, Kanoya,
Kagoshima 891-2393, Japan. 2Kochi University, 2-5-1 Akebono, Kochi, Kochi
780-8520, Japan.
Received: 8 April 2014 Accepted: 16 July 2014
Published: 1 August 2014
References
1. Harbin G, Durst L, Harbin D: Evaluation of oculomotor response in
relationship to sports performance. Med Sci Sports Exerc 1989, 21:258–262.
2. Lee JB, Matsumoto T, Othman T, Yamauchi M, Taimura A, Kaneda E,
Ohwatari N, Kosaka M: Coactivation of the flexor muscles as a synergist
with the extensors during ballistic finger extension movement in trained
kendo and karate athletes. Int J Sports Med 1999, 20:7–11.
3. Buccolieri A, Avanzino L, Trompetto C, Abbruzzese G: Relaxation in distal
and proximal arm muscles: a reaction time study. Clin Neurophysiol 2003,
114:313–318.
4. Buccolieri A, Avanzino L, Marinelli L, Trompetto C, Marchese R, Abbruzzese G:
Muscle relaxation is impaired in dystonia: a reaction time study. Mov Disord
2004, 19:681–687.
5. Nagami K: The reaction time of contraction and relaxation in human
skeletal muscles. J Phys Fitness Sport Med 1974, 23:1–11.
6. Goldstone S: Reaction time to onset and termination of lights and
sounds. Percept Mot Skills 1968, 27:1023–1029.
7. Brass M, Bekkering H, Prinz W: Movement observation affects movement
execution in a simple response task. Acta Psychol 2001, 106:3–22.
8. Craighero L, Bello A, Fadiga L, Rizzolatti G: Hand action preparation
influences the responses to hand pictures. Neuropsychologia 2002,
40:492–502.
9. Heyes C, Bird G, Johnson H, Haggard P: Experience modulates automatic
imitation. Cogn Brain Res 2005, 22:233–240.
10. Stürmer B, Aschersleben G, Prinz W: Correspondence effects with manual
gestures and postures: a study of imitation. J Exp Psychol Hum Percept
Perform 2000, 26:1746–1759.
11. Winter EM, Brookes FB: Electromechanical response times and muscle
elasticity in men and women. Eur J Appl Physiol Occup Physiol 1991,
63:124–128.
12. Yotani K, Imaizumi H, Kirimoto H, Kitada K, Tamaki H, Ogita F, Takekura H:
Reaction and action time analysis for kendo strikes in response to light
signals using an electromyography. Jpn J Physiol Anthropol 2007,
12:139–146.
13. Hartline HK: The receptive fields of optic nerve fibers. Am J Physiol 1940,
130:690–699.
14. Horn FK, Gottschalk K, Mardin CY, Pangeni G, Jünemann AG, Kremers J: On
and off responses of the photopic fullfield ERG in normal subjects and
glaucoma patients. Doc Ophthalmol 2011, 122:53–62.
15. Iacoboni M: Visuo-motor integration and control in the human posterior
parietal cortex: Evidence from TMS and fMRI. Neuropsychologia 2006,
44:2691–2699.

Page 4 of 4

16. Imamizu H, Miyauchi S, Tamada T, Sasaki Y, Takino R, Pütz B, Yoshioka T,
Kawato M: Human cerebellar activity reflecting an acquired internal
model of a new tool. Nature 2000, 403:192–195.
17. Brouwer B, Ashby P: Corticospinal projections to upper and lower limb
spinal motoneurons in man. Electroencephalogr Clin Neurophysiol 1990,
76:509–519.
18. Terada K, Ikeda A, Nagamine T, Shibasaki H: Movement-related cortical
potentials associated with voluntary muscle relaxation. Electroencephalogr
Clin Neurophysiol 1995, 95:335–345.
19. Dimitrov B, Gantchev GN, Popivanov D: Brain macropotentials associated
with distinct phases of voluntary sustained isometric contraction in man.
Int J Psychophysiol 1996, 22:35–44.
20. Rothwell JC, Higuchi K, Obeso JA: The offset cortical potential: an
electrical correlate of movement inhibition in man. Mov Disord 1998,
13:330–335.
21. Yazawa S, Ikeda A, Kunieda T, Mima T, Nagamine T, Ohara S, Terada K, Taki W,
Kimura J, Shibasaki H: Human supplementary motor area is active in press
for both voluntary muscle relaxation and contraction: subdural recording of
Bereitschafts potential. Neurosci Lett 1998, 244:145–148.
22. Toma K, Honda M, Hanakawa T, Okada T, Fukuyama H, Ikeda A, Nishizawa S,
Konishi J, Shibasaki H: Activities of the primary and supplementary motor
areas increase in press and execution of voluntary muscle relaxation: an
event-related fMRI study. J Neurosci 1999, 19:3527–3534.
23. Capaday C, Devanne H, Bertrand L, Lavoie BA: Intracortical connections
between motor cortical zones controlling antagonistic muscles in the
cat: a combined anatomical and physiological study. Exp Brain Res 1998,
120:223–232.
24. Jackson A, Gee VJ, Baker SN, Lemon RN: Synchrony between neurons with
similar muscle fields in monkey motor cortex. Neuron 2003, 38:115–125.
25. Reynolds C, Ashby P: Inhibition in the human motor cortex is reduced
just before a voluntary contraction. Neurology 1999, 53:730–735.
doi:10.1186/1880-6805-33-23
Cite this article as: Yotani et al.: Muscle contraction and relaxationresponse time in response to on or off status of visual stimulus. Journal
of Physiological Anthropology 2014 33:23.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

