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Differences in activation patterns between eccentric and
concentric quadriceps contractions
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Previous studies analysing electromyograms (EMGs) from indwelling electrodes have indicated that fast-twitch
motor units are selectively recruited for low-intensity cccentric contractions. The aim of this study was to
compare the frequency content of surface EMGs from quadriceps muscles during eccentric and concentric
contractions at various contraction intensities. Electromyograms were recorded from the rectus femoris, vastus
lateralis and vastus medialis muscles of 10 men during isokinetic (1.05 rad's ') eccentric and concentric knee
extension contractions at 25%, 50%, 75% and 100% of maximal voluntary contraction (MV() for each contrac-
tion mode. Additionally, isometric contractions (70°) were performed at cach intensity. The mean [requency
and roor mean square (RMS) of the surface EMG were computed. Mean frequency was higher for eccentric
than concentric contractions at 25% (P< 0.01), 50% (P<0.01) and 75% (I’< 0.05) but not at 100% MVC. Ir
increased with increasing contracrion intensity for isometric (P < 0.001) and concentric (P < 0.01) contractions
but not for eccentric contractions (P=0,27). The EMG amplitude (RMS) increased with increasing conrraction
intensity similarly in each contraction mode (P< 0.0001). Higher mean frequencies for cccentric than con-
centric contractions ar submaximal contraction intensities 1s consistent with more fast-twitch motor units being
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acrive during ecccntric contractions.
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Introduction

Many studies have reporred that fewer motor units are
activated for eccentric than concentric contractions at
the same force (Bigland and Lippold, 1954; Komi et al.,
1987; Tesch er al., 1990; Adams er al., 1992; Potvin,
1997). Additionally, studies using indwelling electrodes
have indicated that there is a reversal of normal motor
unit recruitment for eccentric contractions (Nardone
and Schieppati, 1988; Nardone er al., 1989; Howell
et al., 1995; Enoka, 1996). In these studies, motor units
were identified as fast-twitch or slow-twitch based on
the shape and amplitude of the action potennals.

The electromyogram (EMG) frequency content has
also been used ro provide an indirect measure of motor
unit recruitment during isometric contractions in both
humans (Moritani and Muro, 1987; Bernardi et al.,

* Author to whom all correspondence should be addressed. e-mail:
mchughf@nismat.org

1997) and amimals (Solomonow et al, 1990). An
increase in mean or median frequency with increasing
contraction intensity is thought to indicate increased
recruitment of fast-twitch motor units (Bilodeau et al.,
1995: Bernardi er al., 1997). Therefore, if more fast-
twitch motor units are recruited during eccentric con-
tractions, the EMG frequency content would be higher
than with concentric contractions at a given sub-
maximal intensity. In a recent study of EMG activity
in exercise leading to symptoms of muscle damage,
the median frequency of the hamstring muscles was
markedly higher in individuals performing eccentric
contractions than in those performing concentric con-
tractions (McHugh er al., 2000). This was thought to
reflect greater recruitment of fast-twitch motor units
for eccentric contractions., However, since comparisons
were made berween and not within individuals, and
muscle length was not controlled during frequency
computations, these conclusions are far tfrom definitive.
The observed differences could have been due to fibre
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type differences between individuals (Gerdle ¢r al.,
1988) or sampling data at shorter muscle lengths in
eccentric than in concentric contractions, since mean
frequency is directly affected by muscle length (Potvin,
1997).

Several studies (Moritani er al., 1988; Tesch er al.,
1990; Nakazawa et al., 1993; Potvin, 1997; Aagaard
et al., 2000b; Komi er al., 2000) using frequency analysis
of the surtace EMG during eccentric and concentric
contractions have failed to confirm greater recruitment
of fast-twitch mortor units. Together, the results of these
studies indicate that fast-twitch motor units are not
selectively recruited for low-intensity eccentric con-
tractions of the elbow flexors (Moritani er al., 1988;
Nakazawa ez al., 1993; Potvin, 1997; Komi ¢t al., 2000)
or maximal quadriceps contractions (Tesch er al., 1990
Aagaard et al., 2000b).

Previous studies comparing EMG frequency
measures between eccentric and concentric con-
tractions (Moritanm er al., 1988; Tesch ¢r al., 1990;
Nakazawa er al., 1993; Potvin, 1997; Aagaard er al,
2000b; Komi er al., 2000) did not measure the fre-
quency response to increasing contraction intensity.
Since normal recruitment is expected with concentric
contractions (Nardone and Schieppati, 1988; Nardone
et al., 1989; Howell er al., 1995; Enoka, 1996), an
increase in  frequency with increasing concentric
contraction intensity can provide an insight into the
sensitivity of frequency measures ro detect increased
recruitment of fast-rwitch motor units. The aim of the
present study was to compare the frequency content
of the surface EMG from quadriceps muscles during

cccentric and  concentric  contractions at  various
Inrensiries.

Methods

Experimental prorocol

Ten healthy males volunteered to participate in the
study, each of whom provided wrirten informed con-
sent. The study was approved by the institutional review
board. The parucipants’ age, height and body mass were
31.0 £ 7.2 years, 1.79 = 0.06 m and 8B.6 + 6.6 kg
respectively (mean +5). They performed maximum
volunrary contractions (MVC) of the knee extensors
followed by submaximal contractions at 25%, 50%
and 75% of MVC. This sequence was performed
separately in eccentric, concentric and isometric con-
traction modes and the order of contraction mode was
randomized. This protocol was performed on two
separate occasions, initially for familiarization purposes
and again 1 week later for data acquisition.

For all contractions, the parrticipants were seated in
an upright position with the hips at approximately
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90° flexion. The knee joint was aligned with the axis of
rotation of the dynamometer (Biodex System 2, Shirley,
NY) and the leg was secured to the dynamometer arm at
the ankle. Eccentric and concentric contractions were
performed isokinerically at a speed of 1.05 rad-s .
Eccentric contractions were performed from full exten-
sion (0%) to 1007 knee flexion. The participants con-
tracted their quadriceps in response to the initiation of
movement of the dynamometer arm from the starting
position (full extension). The quadriceps remained
relaxed between contractions while the dynamometer
returned to the starting position. A similar protocol
was used for concentric contractions, which were per-
formed from 100° to full extension. Consistent verbal
encouragement was provided to ensure maximal effort.
For subsequent submaximal contracrions, a visual
display of the targer force was provided. The target
force was indicated by a line using the manufacturer’s
software (Biodex System 2, Shirley, NY) and the par-
ticipants tried to control peak torque production to
match the line. Five contractions were performed ar
each intensity. A rest of 2 min was allowed berween tests
at each intensity and berween rests in each contraction
mode,

For isometric contractions, the knee joint was ser
at 70° flexion and the participants were instructed to
maximally contract the knee extensors. This angle repre-
sents the optimum angle for knee extension torque pro-
duction (Aagaard er al., 2000a) and allows for the best
comparison of maximum torque production between
eccentric, concentric and isometric modes. For sub-
maximal contractions, a visual display of the target force
was provided as described above. Three 3 s contractions
were performed at each intensity, at a knee flexion angle
of 70°, with a 10 s delay between contractions, A delay
of 10 s was used because, during the familiarization
session, the participants were better able to march the
target forces the shorter the rime between contractions.
A 2 min rest was provided between sets of contractions
at each intensity.

EMG measurements

During all contractions, EMG activity was recorded
from surface electrodes placed over the rectus femoris,
vasrus lareralis and vastus medialis muscles. The skin
was shaved, cleaned and abraded before application
of Ag/AgCl elecrrodes 10 mm in diameter. Pairs of
electrodes were placed along the long axis of the
muscles. For the rectus femoris, a pair of electrodes was
placed midway along a line between the anterior
superior iliac spine and the superior pole of the patella.
For the vastus lateralis, electrodes were placed four
fingerbreadths proximal to rthe superiolateral border
of the partella along the assumed line of the fibres. For
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the vastus medialis, electrodes were placed two finger-
breadths proximal to the superiomedial border of the
patella along the assumed line of the fibres. An inter-
electrode distance of 3 cm (centre to centre) was used
and a ground electrode was placed on the patella. The
telemetered EMGs were bandpass filtered from 10 to
500 Hz and sampled at 1000 Hz, with a common-mode
rejection ratio of 130 dB (Telemyo, Noraxon, Scotts-
dale, AZ). Torque, velocity, angle and the three EMGs
were recorded simultaneously on a personal computer.,

Data processing

The EMG amplitude was quantified by computing
the root mean square (RMS) of the raw signal with slid-
ing 50 ms windows. This provided a smoothed curve
from which a peak could be identified. The frequency
content of the raw EMG was guantified by computing
512 point Fast Fourier Transforms (FFT) with a
Hanning window function. Mean frequency was com-
puted from the FFT. All computations were performed
using software supplied by the manufacturer (Noraxon,

vastus
lateralis
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Scottsdale, AZ). For isometric contractions, FFTs were
computed on 512 ms of EMG acuvity (512 data
points at a sampling frequency of 1000 Hz) immediately
before peak torque. For eccentric and concentric con-
tractions, FI'T's were computed on 512 ms of acnviry
between 30° and 60° of knee flexion to ensure similar
muscle lengths berween measures (Fig. 1). Although
peak torque occurred between 60° and 80° during
maximum eccentric and concentric contractions,
during the submaximal contractions the target torque
occurred in the mid-range, always between 30° and
60°. Therefore, we chose the activity within this range
for computing the FFTs. At 1.05 rad's ', with a
sampling rate of 1000 Hz, there are 500 points in 30°
of motion. The number of points in an FEF'I' must be a
power of two (e.g. 512 points). Therefore, the FFT was
performed on 30.7° of motion. The mean frequency,
peak RMS EMG and peak torque between 30° and
60° were recorded for eccentric and concentric con-
tractions. Although no artempr was made to docu-
ment the reliability of these EMG techniques, it has
previously been shown that there is acceptable reliability
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Fig. 1. Raw EMG, torgque and angle recordings for one concentric conrracrion of the knee extensors at 50% of concentric MVC
(approximately 2 s of dara are shown). Fast Fourier Transforms (FFTs) were computed on the EMG activity between the
perpendicular lines that identfy the portion between 60° and 30° of knee flexion. The RMS EMG was compured for the same
time period as the FFT.
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tor within-session trials (Vitasalo and Komi, 1975).
Furthermore, based on previously demonstrated dif-
ferences in mean frequency between contraction modes
in the hamstrings (McHugh et al., 2000), we estimated
that a sample size of 10 would be sufficient to demon-
strate a difference 1n mean frequency between eccentric
and concentric modes,

Statistical analysts

Torque, RMS EMG and mean frequency values were
averaged for each contraction intensity within each con-
traction mode. A 2 x 4 X 3 repeated-measures analysis
of variance (ANOVA) was used to determine the main
effects and interacrions berween contraction mode
(eccentric, concentric), contraction intensity (25%,
50%, 75%, 100%) and muscle (recrus femaoris, vastus
lateralis, vastus medialis) on mean frequency. Isometric
contractions were not included in this analysis to avoid
comparison of dynamic and static contractions analysed
at different muscle lengths. The main reason for col-
lecting the isometric data was to demonstrate an effect
of contraction intensity on mean frequency, thereby
cnsuring that the measurement technique was able
ro derect expected normal changes in recruitment
from low-intensity to moderate-intensity contractions,
as cstablished previously for the quadriceps (Bernardi
et al., 1997). The effects of contraction mode, intensity
and muscle on EMG RMS were analysed using a
3 x4 x3 repeated-measures ANOVA. Greenhouse-
Geisser corrections (indicated by ) were applied
to significant F-ratios that did not meet Mauchly’s
assumption of spherecity. All post-hoc pairwise com-
parisons were made with Bonferroni corrections.
Significance was set at P < 0.05.

Results

The torque values and percentage of MVC at each con-
traction mtensity for each contraction mode are shown
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in Table 1. Peak knee extension torque was significantly
lower (P < 0.001) for concentric than for eccenrtric and
isometric contractions. Eccentric and isometric peak
torque were similar. Mean frequency was higher for
eccentric contractions than for concentric contracrions
(mode effect, P< 0.0001; Table 2). The difference in
mean frequency berween contraction modes was greater
at the lower contraction intensities (contraction
mode X intensity, P < 0.05; Fig. 2) and more apparent in
the recrus femoris and vastus lateralis than in the vastus
medialis (contraction mode X muscle, P< 0.05; Fig. 3).
Mean frequency increased wirh increasing contraction
intensity for isometric (effect of intensity, P< 0.001;
Table 2) and concentric (P < 0.01, Fig. 2) contracrions,
but not for eccentric contractions (P = 0.27; Fig. 2), For
1sometric and concentric contractions, mean frequency

increased significantly from 25% to 50% MVC
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Fig. 2. Interacrion berween contraction mode (eccentric,
concentric) and contracrion intensity (25%, 50%, 75%,
100%) on mean frequency (MF) (P < 0.05). B, eccentric; [ |,
concenrric. Values are averaged across the three muscles
tested. The difference in mean frequency between eccentric
and concentric contractions decreased with increasing con-
traction intensiry. **P<0.01, *P<0.05: eccentric greater
than concentric, Values arc the mean + 5.

Table 1. Torque and percentage MVC for concentric, eccentric and isometric contraction modes

(mean + s)
Torque (IN-m) Percentage MVC
Concentric Eccentric Isometric Concentric Eccentric Isomertric
25% MVC 68.11+152 120£250 82.3+10.8 29.3+ 7.0 36.9+ 6.6 264+22
50% MVC 136 + 15.2 188 + 23.4 164 + 27.2 58.0+ 4.7 57.81 6.0 52. 71 4.1
75% MVC 194 + 30.7 259+23.4 253 +37.3 82.9+9.2 799+ 12,3 81.1+£5.7
100% MVC 234+ 23.7 326 + 35.4 3121+ 44.6 100 100 100

Nore: Concentric torques were significantly lower than eccentric and 1sometric torques (2 < 0.01). Percentage

MVC was similar between modes of contraction.
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Table 2. Mean frequency for the rectus femoris (RI¥), vastus lateralis (VL.) and
vastus medialis (VM) during concentric, eccentric and 1sometric contractions at
target intensities of 25%, 50%, 75% and 100% MVC (mean + s5)

25% 50% 75% 100%
Concentric
Rectus femoris 80.4+7.3 85.0+ 7.6 87.9+12.6 8944 11.7
Vastus lateralis 742+ 7.6 77.1+89 76.7 +R.9 77.6+R.5
Vastus medialis 70,0+ 7.0 74.11+ 7.6 75.9+ 8.5 774+ 10.1
Eccentric
Recrus femoris 90.1 £ 8.9 94,0+ 8.9 03.81+90.2 03 4+8.2
Vastus lateralis 81.31t11.4 82.7+10.8 R2.0+12.3 82.2+12.3
Vastus medialis 77.3+ 9 R 77.8+7.9 7731 8.2 76.0 £ 8.5
Isometric
Recrus temoris 75.7T + 4.7 851.0+5.1 £83.9+ 7.0 79.3+7.6
Vastus lateralis 71.81+9.5 73.5+10.1 76.6 1+ 10.1 T4.0+11.4
Vastus medialis 71,5189 73.61+ 8.0 75.6+10.1 73.3+10.1

Nute: Effect of contraction mode: eccentric > concentric, I’< (.001; conrtracrion mode
(eccentric, concentric) x muscle (RIF, VL, VM), < 0.05; contraction mode (eccentric,
concentric) % intensity (25%, 50%, 75%, 100%), P < 0.05. Effect of contraction intensity:
concentric, P< 0.01 {25-50% MVC, P< 0.01); eccentric, I?=0.27; 1somertric, ?< 0.001
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(25-50% MVC, P<0.01). Effect of muscle, P < 0.01 (RF > VM, < (.05).

100 **

MF (Hz)

RF VL VM
Muscle

Fig. 3. Interaction between contraction mode (eccentric,
concentric) and muscle (RF, rectus femoris; VL, vastus latera-
lis; VM, vastus medialis) on mean frequency (MF) (P < 0.05).
B, eccenrric; [, concentric. The difference 1n mean frequency
between eccentric and concentric contractions was significant
for the rectus femoris (**P<0.01) and wvasrus lareralis
(*P < 0.05), bur not the vastus medialis (= 0.33). Values are

the mean * 5.

(P<0.01), bur not from 50% to 75% MVC or from
75% to 100% MVC. There was a main effect of muscle
on mean frequency (P<0.01), with post-hoc analyses
indicating a higher mean frequency for the rectus
femoris than the wvastus medialis across contraction
modes and contraction intensities (7 < 0.05; Table 2).

As expected, EMG RMS increased with increasing
contraction intensity in each contraction mode and
similarly for each muscle (all P<0.0001.5). The RMS
EMG relative to torgue was significantly lower for
eccentric than concentric contracrions (P < 0.001). The
difference in RMS EMG per unit torque berween
eccentric and concentric contractions was Imore
apparent at the lower contraction mtensitues (mode X
intensity, P< 0.0555; 48% lower at 25% MVC, 40%
lower at 50% MVC, 35% lower at 75% MVC and
30% lower at 100% MVC).

Discussion

The main finding in the present study was that mean
frequency was higher for eccentric than for concentric
contractions of the quadriceps femoris, across a range of
submaximal contraction intensities. These results are
contrary to those of previous studies, in which there was
no difference or a lower mean frequency for eccentric
than for concentric contractions of the elbow flexors
(Moritani er al., 1988; Nakazawa er al., 1993; Potvin,
1997; Komi ¢t al., 2000) and quadriceps femoris (" Iesch
et al., 1990; Aagaard et al., 2000b). The only notable
differences in EMG techmiques were that Nakazawa
et al. (1993) used an autoregressive model rather than
an FFT to estimate the power spectrum, Moritani er al.
(1988) used a smaller inter-electrode distance and
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processed the data with a Hamming window function
(we used a Hanning window) and Komi et al. (2000)
used a smaller inter-electrode distance but did not use a
window function. It is important to note that these
previous studies did not investigate the relationship
between contraction intensity and mean frequency
and, therefore, did not esrablish that the measurement
techniques could detect the progressive recruitment
of fast-twitch motor units with increasing contraction
intensity.

Mean frequency was compared between contraction
modes to provide an indirect indication of possible
differences in motor unit recruitment. The association
berween mean frequency and recruitment is based
on mean frequency primarily reflecting muscle fibre
conduction velocity (Kupa er al., 1995; Kamen and
Caldwell, 1996). Since fast-twitch muscle fibres have
taster conduction velocities, muscles with a high propor-
tion of fast-twitch fibres tend ro have a higher frequency
(Gerdle er al, 1988; Kupa et al, 1995). Similarly,
mean frequency increases with increasing contracrion
intensity as higher-threshold (fast-twirch) mortor units
arc progressively recruited (Moritani and Muro, 1987;
Bernardi er al., 1997). This effect was apparent in the
present study for 1sometric and concentric contractions,
but not for eccentric conrtractions. The increase in mean
frequency of the rectus femoris from 25% to 50% MVC
during isometric contractions was 5 Hz, compared with
7 Hz in the study of Bernardi et a/. (1997). A similar
plateau in mean frequency at 60% MVC was evident
(Bernardi et al., 1997), but values for other quadriceps
muscles were not reported. That mean frequencies
decreased slightly from 75% to 100% MVC in the
1sometric mode contradicts this explananon. However,
this effect has been demonstrared in the tibialis anterior
(Broman er al., 1985) and may be due to synchroniza-
tion of motor unit firing rates at maximal intensities
(Broman er al., 1985).

In the present study, mean frequency was higher
for the rectus femoris than the vastus medialis, which
is consistent with the findings of Gerdle et al. (1988)
and may reflect a higher percentage of fast-twitch fibres
in the biarticular rectus femoris compared with the
uniarticular vastus medialis (Garretr er al., 1984). How-
ever, differences in fibre direction with respect to
electrode placement between the bipennate recrus
femoris and the unipennate vastus medialis may have
had an eftect on the results.

The increase in mean frequency with increasing con-
traction intensity and the higher mean frequency in
the recrus femoris indicate that the technigue used
was able to detect differences in the proportions of
active fast-twitch motor units. The increase in mean
frequency with increasing intensity of concentric
contractions is consistent with progressively greater
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recruitment of fast-twitch motor units, In contrast,
that mean frequency did not increase with increasing
eccentric contraction intensity could indicate thar equal
proportions of fast-twitch and slow-twitch motor units
were recruited at each intensity. Therefore, higher mean
frequencies for submaximal eccentric than submaximal
concentric quadriceps contractions 1s consistent with a
greater proportion of fast-twitch motor units being
active during eccentric contractions. It follows thar at
100% MVC the difference in mean frequency berween
ceccentric and concentric contractions was minimal,
since most motor units were recruited in both modes.
Alternatively, the differences in mean frequency
between conrtraction modes could be attributed to
differences in motor unit firing rate. However, mean
frequency is relatively insensitive to motor unit firing
rates except at veryv low contraction intensities
(Fuglsang-Frederiksen and Renager, 1988; Solomonow
et al., 1990; Hagg, 1992; Kamen and Caldwell, 1996).

Other biological factors thart affect the frequency con-
tent of the EMG include motor unit synchronization
and muscle temperature. Motor unit synchronization
decreases mean frequency regardless of the type of units
firing. However, there is no evidence to suggest that
higher mean frequencies for eccentric contractions
could be due to less synchronizarion. Eccentric con-
tractions are associated with higher intramuscular tem-
peratures (Nadel et al., 1972), which could theorerically
increase mean frequency. However, having our partici-
pants perform only five contractions at each intensity,
providing adequate rest between sets and randomizing
contraction mode order should have eliminated any
possible temperature effects.

Many technical factors affect surface EMG measure-
ments and can lead to erroneous interpretations of
results. Conrtrolling such factors as inter-electrode
spacing, electrode configuration, electrode placement
with respect to the innervarion zone and changing
muscle length is essential for proper interpretation of
mean frequency values (Kamen and Caldwell, 1996),
In the present study, data were collected within a
single session and, therefore, electrode spacing and
configuration were consistent across all trials. That
the electrode placements did nor account for the
innervation zones may have affected the results,
since the innervation zones were moving in opposite
directions during eccentric and concentric contractions.
However, standard electrode placements were used,
similar to those used in previous studies (Tesch er al.,
1990; Cesarelh et al., 1999).

Given the inherent limirations of applying the FFT
algorithm to surface EMGs during dynamic conrtrac-
tions, the present results are surprising. The continuous
changes in muscle fibre lengths during dynamic con-
tractions pose a major technical problem in analysing
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surface EMGs. At shorter muscle lengths, muscle fibre
diameter i1s increased, resulting in a higher mean fre-
quency (Potvin, 1997). Additionally, motor unit firing
rate 1s higher at shorter muscle lengths (Christova et al.,
1968). In the present study, muscle length was con-
trolled by computing mean frequency from FFTs of
EMGs berween 30° and 60° of knee flexion during
eccentric and concentric contractions. It i1s also
more difficult to ensure signal stationarity during
dynamic than during 1sometric contractions. A Hanning
window function was used to control signal stationarity.
These limitations increase measurement variability and
decrease the likelihood of detectung differences in mean
frequency between contractions. However, a marked
difference between eccentric and concentric con-
tractions was apparent. This can be artributed to either
a true difference in motor unit behaviour or to a
fixed measurement error (bias). However, there 158 no
apparent evidence to support measurement bias.

When comparing mean frequency between contrac-
tion modes, it 18 important that signal-to-noise ratios are
similar. This is more important when the amplitude of
the signal differs between contraction modes, since at
lower amplitudes a greater proportion of the signal 18
due to noise. The signal-to-noise ratio can be optimized
by ensuring that inter-electrode impedance is low.
Although impedance was not measured in the present
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even at the lowest intensities (Fig. 4). Therefore, the
potential for high-frequency noise to adversely affect
mean frequency during eccentric contractions appears
unlikely.

In general, the target torques were well matched
during the submaximal contractions (Table 1). How-
ever, in the eccentric mode, the target of 25% was
exceeded and the mean value was 37% of MVC. It
18 possible that this contributed to the observed dif-
ferences in mean frequency between eccentric and con-
centric contractions at this target intensiry. However,
it should be noted thar the average RMS EMG at this
target intensity was similar for eccentric (178 £ 90 ©V)
and concentric (189 + 91 4V) modes (P=0.43).
Despite similar EMG amplitudes, mean frequency was
8 + 7 Hz lower for eccentric contractions.

In conclusion, a higher mean frequency was demon-
strated for eccentric than for concentric contractions of
the quadriceps femoris across a range of submaximal
intensities. Higher mean frequencies for eccentric
contractions 18 consistent with a greater proportion of
fast-twitch motor units being active during submaximal
eccentric contractions. These results are in line with
those of previous srudies using indwelling electrodes
in the plantar flexors (Nardone and Schieppati, 1088;
Nardone et al., 1989) and the first dorsal interasseous
muscle (Howell er al., 1995) in humans. However,

study, minimal noise was evident in the EMGs these previous studies were confined to low-intensity
Concentric Eccentric Isometric

0.25 mV

e e il

Fig. 4. Raw EMGs from the vasrus lareralis (VL.), vasrus medialis (VM) and rectus femoris (RF) muscles during concentric,
eccentric and 1sometric contractions at the lowest intensity tested (25% MVC) in a randomly selecred parrticipant. Note that the
baseline signal noise is minimal in relation to the contractile activity.
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contractions. Greater relative recruitment of fast-
twitch motor units during eccentric contractions
may have training implications for sports that place
a high demand on fast-twitch fibre function and for

rehabilitation of injuries that primarily affect fast-twitch
fibres.
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