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Abstract—This study assessed muscle fatigue during low-level
contraction, which is sometimes difficult to observe. Surface
EMG signals were recorded with monopolar and bipolar
configurations during low-level isometric muscle contraction
under a blood flow restriction condition (BFR condition) and a
non-blood flow restriction condition (CON condition). As
indices of fatigue, center frequency (CF) of the power spectral
density (PSD) of the surface EMG and rating of perceived
exertion (RPE) with the Borg CR-10 Scale were used. Results
suggested that the monopolar configuration, which has a wider
detection area relative than the bipolar one, was well suited for
obtaining wave slowing accompanied by muscle fatigue. In
addition, the monopolar configuration could detect differences
in muscle condition in the BFR and CON conditions.

I. INTRODUCTION

EASUREMENT of surface EMG signal is usually

performed with the bipolar (single differential)
configuration, which records the potential difference between
the two electrodes arranged on the skin surface of the active
muscle. However, since not only propagating potentials but
also non-propagating potentials arise in the active muscle, it
is difficult with the bipolar configuration to record
non-propagating potentials. This means that the amount of
information obtained from the surface EMG measured with
the bipolar configuration may be insufficient. If the distance
between the two electrodes is set relatively long, the entire
activity of the target muscle can be obtained, although the
wave shape of the surface EMG is planarized [1], [2].

It is our belief that the bipolar configuration is inadequate
for measurement of wave slowing caused by muscle fatigue
during low-level contraction. Since the monopolar
configuration, the simplest configuration, has a wide
detection area and flat frequency characteristics, the amount
of information from the surface EMG is increased and wave
slowing can be clearly observed, if noise can be minimized
[31-[5].

It has been reported that even during low-level contraction,
on condition of special environments such as nosebleed
territory environment where oxygen is thin, pain and/or
fatigue is experienced within a small amount of time. This
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implies that artificially decreasing muscle blood flow is
useful for detecting muscle fatigue during a low-level
contraction, which is normally difficult to observe [6]—[8].

This study measured the surface EMG signal by means of
monopolar and bipolar configurations during low-level
isometric contraction in a blood flow restriction condition
(BFR condition) and non-blood flow restriction condition
(CON condition), and compared and evaluated their
differences in detection of muscle fatigue.

II. EXPERIMENTAL METHODS

Surface EMG signals were recorded with monopolar and
bipolar configurations during a low-level isometric muscle
contraction under BFR and CON conditions. Subjects did the
exercise while watching their own surface EMG signals
displayed on a monitor, that is, visual feedback was adopted.
In addition, to evaluate subjective fatigue quantitatively
during exercise, rating of perceived exertion (RPE) was
confirmed using the Borg CR-10 Scale every 1 min [9].

The subjects were 4 healthy male adults in their twenties.
They were informed of the content and risk of the experiment
in advance and gave written consent to voluntarily participate
in the experiments. Surface EMG was obtained from the long
head of the biceps brachii muscle, which functions as a
supinator muscle of a forearm. Each subject was seated
comfortably with his dominant upper arm fixed perpendicular
to the body trunk with his forearm supinated and his elbow
extended. Preliminary experiments confirmed that the
exercise intensity in the experiment corresponds to about 20
% of maximum voluntary contraction (MVC). Duration of the
exercise was set at 8 min. During the exercise, each subject
was instructed not to move the body trunk and spine. Each
subject repeated the above exercise three times under each of
the BFR and CON conditions, in order to ensure sufficient
signals and obtain unbiased measurements.

In the BFR condition, forearm blood flow was restricted by
placing a pneumatic cuff (aneroid sphygmomanometer,
Q9917, YAMASU) on the upper arm at a pressure of 200
mmHg. The restriction was maintained for 5 min. Even after
the restriction was discontinued, the exercise was continued
for another 3 min.

Active electrodes (material: gold, shape: disc, diameter: 14
mm, AP-C300, DIGITEX LAB.) were used as recording,
ground and reference electrodes. In the monopolar
configuration, the recording, ground and reference electrodes
were placed over the muscle belly mid-portion of the long
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head of the biceps brachii muscle, the wrist, and the elbow,
respectively. In the bipolar configuration, the recording
electrodes were placed over the same muscle parallel to the
longitudinal axis of the muscle fiber. The recording
electrodes were fixed so as not to sandwich the
neuromuscular junction with them. The electrodes in bipolar
configuration had a center-to-center spacing of 20 mm. The
surface EMG signals recorded by the recording electrodes
were sampled at 1000 Hz using a built-in A-D converter in a
biological signal recording apparatus (Polymatell AP216,
DIGITEX LAB.). To eliminate noise content in the surface
EMG signal after A-D conversion, the signal was filtered
between 10 Hz and 500 Hz (band-pass) and also between 49
Hz and 51 Hz (band-stop).

III. DATA ANALYSIS

In this analysis, the surface EMG data from each 8 min
contraction was segmented nearly equally into noncontiguous
56 epochs. Each epoch was analyzed, and was comprised of
8192 points (8.192 sec). The power spectral density (PSD)
was estimated from each epoch using a Hanning window and
fast fourier transform (FFT), and the center frequency (CF)
was computed. Next, for each 8 min contraction, the values of
CF were normalized against the starting value, which was
assumed to be 100 %. Finally, in each condition,
geometrically averaged values of corresponding epochs were
obtained. In addition, geometrically averaged values of RPE
were computed every 1 min.

Statistical analysis was performed as follows. Values are
presented as means+SE. Prior to the significance test, the
normality of the data was checked with the two-sided
Jarque-Bera test with a significance level of 0.05. The
normality criteria were met. Therefore, the two-sided
one-sample t-test (parametric method) with a significance
level of 0.05 was employed. All statistical analyses were
performed with dedicated software (Ekuseru-Toukei 2010,
Social Survey Research Information). The targets of
comparison of significance testing are shown below.

Comparisons of CF in each experimental condition

(a)BFR-monopolar condition vs. BFR-bipolar condition

(b)CON-monopolar condition vs. CON-bipolar condition

(c)BFR-monopolar  condition vs. CON-monopolar
condition

(d)BFR-bipolar condition vs. CON-bipolar condition

Comparison of RPE in each experimental condition

(e)BFR condition vs. CON condition

IV. RESULTS

Figure 1 shows CF values for the BFR-monopolar and
BFR-bipolar conditions. Both CFs decreased during the BFR
condition but did not change markedly during the CON
condition. At the switching point between the BFR and CON
conditions, both CFs appeared to increase in synchrony. The
CF of the BFR-monopolar condition was below that of the
BFR-bipolar condition from 40 sec, except at 7 min 30 sec
(P<0.05 or P<0.01). Figure 2 shows CF values for the

CON-monopolar and CON-bipolar conditions. Both CFs
decreased nearly throughout the exercise. The CF of the
CON-monopolar condition was below that of the
CON-bipolar condition around 2 min and from 3 min 20 sec
almost continuously (P<0.05 or P<0.01).
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Fig. 1. Changes in center frequency (CF) in the BFR-monopolar and

BFR-bipolar conditions. CF is normalized to its initial value. Values
are meanstSE (standard error) of 12 samples.

S
=
S]
40 4 = *Fwn wx xx % wxkE RE KK Ay Fx %
20 1 ®CON-Bi *: P<0.05
OCON-Mono **:P<0.01
0 T T T T T T T

0 1 2 3 4 5 6 7

Time [min]

Fig. 2. Changes in CF in the CON-monopolar and CON-bipolar
conditions. CF is normalized to its initial value. Values are means+SE
of 12 samples.
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Fig. 3. Changes in CF in the BFR-monopolar and CON-monopolar

conditions. CF is normalized to its initial value. Values are means+SE
of 12 samples.

Figure 3 shows CF values for the BFR-monopolar and
CON-monopolar conditions. The CF of the BFR-monopolar
condition was below that of the CON-bipolar condition from
40 sec to 2 min 50 sec almost continuously (P<0.05 or
P<0.01). Figure 4 shows CF values for the BFR-bipolar and
CON-bipolar conditions. There was no significant difference
between the CFs of these two conditions. Figure 5 shows RPE
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values for the BFR and CON conditions. Both RPEs
increased throughout the exercise. RPE of the BFR condition

was above that of the CON condition from 1 min, except at 7
min (P<0.05 or P<0.01).
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Fig. 4. Changes in CF in the BFR-bipolar and CON-bipolar conditions.

CF is normalized to its initial value. Values are means+SE of 12
samples.
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Fig. 5. Changes in rating of perceived exertion (RPE) on the BFR and
CON conditions. Values are means+SE of 12 samples.

V. DISCUSSION

As indicated in Figs. 1 and 2, CF values of the monopolar
configuration were significant lower than those of the bipolar
configuration in both BFR and CON conditions. The
difference in the BFR condition was particularly pronounced.
The monopolar configuration thus appears to be a more
effective means of detecting muscle fatigue than the bipolar
configuration [3]-[5].

As displayed in Figs. 3 and 4, under the monopolar
configuration, there was a significant difference between the
BFR and CON conditions, specifically in the relatively early
stage, although there was not with the bipolar configuration.
The subjects felt more fatigue from the beginning in the BFR
condition, as shown in Fig. 5. This means that muscle fatigue
progressed faster than in the CON condition. It is known that
fast muscle fibers, which function only minimally during
low-level contraction, are also recruited under the BFR
condition, and fast muscle fibers are fatigable compared to
slow ones. This recruitment is due to intracellular pH shift by
metabolic products of energy metabolism [10], [11]. We
therefore speculate that the results shown in Figs. 3 and 5
reflect such a condition of active muscle. It is possible that the

monopolar configuration is capable of detecting the muscle
condition variation induced by BFR [12].

VI. CONCLUSION

Our findings suggest that the monopolar configuration,
which has a wider detection area than the bipolar
configuration, is well suited to detection of wave slowing
accompanied by muscle fatigue. In addition, the effect of
BFR could also be detected with the monopolar
configuration. To determine the effects of BFR on the surface
EMG during fatiguing exercise from various perspectives, the
authors intend to measure muscle oxidative metabolism using
near-infrared spectroscopy (NIRS) during BFR and CON
conditions.

ACKNOWLEDGMENT

The authors thank the graduate student Yuuhi Yamazaki of
the Niigata Institute of Technology for his help with data
processing.

REFERENCES

[1] Kogi K, Hakamada T, “Frequency analysis of the surface
electromyogram in muscle fatigue,” Rodo Kagaku, vol. 38, pp.
519-528, Sep. 1962.

[2] Lindstrom L, Magnusson R, Petersén I, “Muscular fatigue and action
potential conduction velocity changes studied with frequency analysis
of EMG signals,” Electromyography, vol. 10, no. 4, pp. 341-356,
Nov—Dec. 1970.

[3] Grandjean PA, Mortimer JT, “Recruitment properties of monopolar
and bipolar epimysial electrodes,” Annals of Biomedical Engineering,
vol. 14, no. 1, pp. 53-66, 1986.

[4] Kleine BU, Schumann NP, Stegeman DF, Scholle HC, “Surface EMG
mapping of the human trapezius muscle: the topography of monopolar
and bipolar surface EMG amplitude and spectrum parameters at varied
forces and in fatigue,” Clinical Neurophysiology, vol. 111, no. 4, pp.
686-693, Apr. 2000.

[5] Ohashi J, “Difference in changes of surface EMG during low-level
static contraction between monopolar and bipolar lead,” Applied
Human Science, vol. 14, no. 2, pp. 79-88, Mar. 1995.

[6] Karabulut M, Cramer JT, Abe T, Sato Y, Bemben MG,
“Neuromuscular fatigue following low-intensity dynamic exercise with
externally applied vascular restriction,” J Electromyogr Kinesiol, vol.
20, no. 3, pp. 440447, Jun. 2010.

[7] Fujita S, Mikesky AE, Sato Y, Abe T, “Fatigue Characteristics during
Maximal Concentric Leg Extension Exercise with Blood Flow
Restriction,” International Journal of KAATSU Training Research, vol.
3, pp. 27-31, 2007.

[8] Yasuda T, Brechue WF, Fujita T, Sato Y and Abe T, “Muscle activation
during low-intensity muscle contractions with varying levels of
external limb compression,” Journal of Sports Science and Medicine,
vol. 7, pp. 467474, 2008.

[9]1 Borg G, “Psychophysical scaling with applications in physical work
and the perception of exertion,” Scandinavian Journal of Work
Environment and Health, vol. 16, pp. 55-58, 1990.

[10] Kent-Braun JA, “Central and peripheral contributions to muscle fatigue
in humans during sustained maximal effort,” European Journal of
Applied Physiology and Occupational Physiology, vol. 80, no. 1, pp.
57-63, Jun. 1999.

[11] Gail D, Thomas and Steven S Segal, “Neural control of muscle blood
flow during exercise,” Journal of Applied Physiology, vol. 97, no. 2, pp.
731-738, Aug. 2004.

[12] Noble BJ, Borg GA, Jacobs I, Ceci R, Kaiser P, “A category-ratio
perceived exertion scale: relationship to blood and muscle lactates and
heart rate,” Medicine and Science in Sports and Exercise, vol. 15, no. 6,
pp. 523-528, 1983.

3879



	MAIN MENU
	CD/DVD Help
	Search CD/DVD
	Search Results
	Print
	Author Index
	Keyword Index
	Program in Chronological Order

