ORIGINAL RESEARCH

| 35
Medicina Sportiva

Med Sport 13 (1): 35-42, 2009

DOI: 10.2478/v10036-009-0007-4

Copyright © 2009 Medicina Sportiva

GENDER DIFFERENCES AFTER DOWNHILL RUNNING
FOR VOLUNTARY ISOMETRIC CONTRACTIONS OF KNEE
EXTENSOR MUSCLES USING SURFACE EMG

Mark ET. Willems“®SPE) | Simon R. Northcott®SPP

Faculty of Sport, Education & Social Sciences, University of Chichester, United Kingdom

Abstract

Introduction: We examined gender differences for performance and surface electromyograms (SEMG) of knee exten-
sors 1hr after downhill running.

Methods: Maximal voluntary isometric force (MVIF) and sEMG of vastus lateralis (VL) and vastus medialis (VM)
muscles during 50%MVIF were measured in 8 males (22t4yr, 75.846.1kg, 179.2.0+5.0cm) and 8 females (27+8yr,
60.8+7.2kg, 166.3+5.0cm) before and 1 hr after downhill running [(5x8 min, -12%, 60%V__ (females: 7.7+0.9km-h"', males:
10.4£0.5km-h")].

Results: Males had higher MVIF values (674.3+59.8N versus 480.6+49.9N, P<0.001) and longer endurance times du-
ring 50%MVIF than females (78.7+24.1s versus 57.2+12.6s, P<0.05) before downhill running. After downhill running, MVIF
deficits were similar (males: 11.7+7.2%, females: 7.5+7.7%) with no changes in endurance times during 50%MVIF. After
the downhill run, there was a trend in females, but not males, of an increased ratio for the root mean square (RMS) values
of the VL and VM muscles during MVIF testing by 23% (P=0.054). After the downhill run, females, but not males, lowered
during 50%MVIF the change in RMS for VM from 48+32% to 30+31% and for VL from 36+23% to 21+18% (P<0.05). For
males, a trend was observed for the change in median frequency in VL during 50%MVIF (P=0.05). After downhill running,
females, altered the vastus medialis and vastus lateralis contributions to maximal isometric force production and the activity
pattern of these muscles during submaximal isometric fatigue.

Conclusion: Acute neuromuscular adaptations after downhill running occur during voluntary isometric contractions of

max

knee extensor muscles in females, but not in males.
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Introduction

Following unaccustomed high-intensity muscle
contractions, humans experience an immediate inabi-
lity to produce maximal force. Such acute reductions
in strength appear more common with eccentric
rather than isometric or concentric contractions and
the cause may be linked to injury rather than fatigue
(1). The acute force loss by eccentric exercise is due to
damage to force producing structures and excitation-
contraction coupling failure (2,3).

These mechanisms for muscle injury are also
present following downhill running, an activity that
is biased toward voluntary eccentric contractions of
knee extensor muscles. After downhill running, acute
force loss of knee extensor muscles occurred simulta-
neously with low-frequency fatigue (4), indicative of
excitation-contraction coupling failure. In addition,
extensive disorganization of the myofibrillar ultra-
structure of the vastus lateralis muscle (5) combined
with other indirect injury markers such as elevations of
serum creatine kinase, myoglobin, troponin I, myosin
heavy chain, plasma soluble intercellular adhesion
molecule-1, collagen degrading enzymes and delayed
onset muscle soreness are common observations after
downhill running (6-11).

Apparently, alterations occur also in motoneuron
pool excitability after downhill running (12). Others
showed neuromuscular disturbances following eccen-
tric exercise with elbow flexors (13,14) and quadriceps
femoris muscles (15). There is further evidence of
selective damage of fast twitch muscle fibers after
eccentric exercise in elbow flexors (16) and gastroc-
nemius muscle (17). For whole muscles, the amount
of injury experienced by individual knee extensor
muscles was different after eccentric knee extension
exercise (18). Taken together these observations, if
all or some of these events would occur immediately
after downhill running, additional fatiguing exercise
might be accomplished with neural adaptations due
to muscle fiber type and muscle specific force losses
by the eccentric contractions. For injured skeletal
muscles that are part of a synergistic group such as the
quadriceps femoris, i.e. the bi-articular rectus femoris
and the mono-articular vastus medialis, vastus lateralis
and vastus intermedius muscles, task redundancy in
the system may allow performance of a submaximal
task with different contributions from the individual
muscles. Such task redundancy has been shown for
knee extension exercise that was preceded by electro-
stimulated-fatigue of vastus lateralis (19).
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As far as we know, acute neural adaptations in
damaged skeletal muscles following downhill running
have not been studied. In the present study, neural
adaptations after downhill running will be examined
during sustained fatiguing isometric contractions
using surface electromyography (SEMG). The surface
electromyograms allow analysis of the signal amplitude
in the time domain, quantified as the root mean square
(RMS). RMS values are taken as an index of muscle
activity as changes in this parameter during sustained
fatiguing isometric contractions provide information
on the recruitment of motor units and the mean firing
rate of individual motor units (20). Surface electromy-
ograms can also reveal the median frequency (MDF),
a SEMG parameter that provides information on the
power spectrum and shifts towards lower frequencies
during sustained isometric contractions. Such shifts
are taken as an index of muscle fatigue (20,21).

Several studies examined the susceptibility for
eccentric exercise between males and females in rats
(22,23) and humans (4,24-26). Downhill running cau-
sed larger increases in serum levels of skeletal muscle
proteins and enzymes in males than in females, pro-
bably due to an involvement of a larger muscle mass
in males (10). However, animal and human studies re-
ported no differences between acute maximal strength
losses in males and females. Nevertheless, a difference
in injury susceptibility could arise between males and
females because of a difference in amount of slow and
fast twitch muscle fibers (27,28) that will not show up
with maximal exercise. Any gender effect on muscle
injury and neuromuscular adaptation as a result of
downhill running might show up with submaximal
exercise performed by synergistic muscles.

The purpose of this study was to determine the
effect of gender on muscle performance of knee
extensors after downhill running in young adults. It
was hypothesized that after downhill running females
and males would change the activation pattern of knee
extensor muscles during maximal voluntary isome-
tric contractions and sustained fatiguing isometric
contractions.

Methods

Healthy female (n = 8, mean + SD, age: 27 £ 8 yr,
body mass: 60.8 £ 7.2 kg, height: 166.3 £ 5.0 cm) and
male university students (n = 8, age: 22 +4 yr, body
mass: 75.8 £ 6.1 kg, height: 179.2.0 £ 5.0 cm) volun-
teered to participate in this investigation. Participants
had no history of joint problems for knee and ankle.
Female subjects were similar in age (P=0.1), had lo-
wer body mass and were shorter than male subjects
(P<0.001). All experimental procedures were approved
by the Ethics committee of the University of Chichester
and performed according to the Declaration of Hel-
sinki. Subjects were informed about the procedures,

purposes and risks of the study and provided written
informed consent prior to entering the study. All
subjects were familiarized for performance of force
measurements of the knee extensor muscles. A prima-
ry goal of the experiments was to determine whether
there was an effect of gender on the force and surface
electromyography of knee extensor muscles during
maximal and submaximal voluntary contractions
after a bout of downbhill running. Each cycle of testing
before and after downhill running consisted of 1) three
warm-up contractions, 2) three maximal voluntary
isometric contractions (MVIF), 3) a 50%MVIF test
to failure and 4) a MVIF 20 seconds after task failure.
All mechanical recordings and surface electromyogra-
phy were measured before and 1 hour after a bout of
downhill running.

Mechanical recordings

Force recordings of knee extensor muscles of the
non-dominant leg occurred with subjects seated in a
custom-built chair with the upper body firmly restra-
ined against the back of the chair using strap belts over
chest and lower thigh. Both hip and knee joint angles
were kept at 90° (full extension is 0°). Participants
had their arms crossed over the chest during all force
testing. The ankle of the participant was connected
with a chain to a calibrated stainless steel force trans-
ducer (model 616, Tedea-Huntleigh, Cardift, UK) with
a maximum of 2500 N. Real-time force recorded by
the force transducer was displayed using Chart for
Windows (v. 3.4.1) on a computer screen positioned
about 1.5 m in front of the subject, sampled and stored
with a frequency of 1000 Hz. Subjects performed three
warm-up contractions (duration 4-6 s) with a rest time
of 1-min at an estimated intensity of about 30% of the
force during maximal voluntary isometric contractions
(MVIF), based on familiarization data. Then, subjects
were instructed to perform three “all-out” maximal
voluntary isometric contractions (MVIF) for about 2-5
s with a recovery time of 2-min between trials. Partici-
pants were encouraged to exceed the maximum force
value visible on the computer screen. Strong verbal
encouragement was provided during MVIF (29). Fol-
lowing the MVIE, the monitor screen information for
the Chart for Windows program was adjusted so that
top and bottom of the screen represented 52.5%MVIF
and 47.5%MVIF, respectively. The target force for
50%MVIF was shown as a narrow horizontal bar in the
middle of the screen. For the 50%MVIF test, subjects
were instructed to gradually increase the contraction
force in order to minimize corrections needed in order
to get the force signal on the screen after producing
forces larger than 52.5%MVIE. Subjects received
strong verbal encouragement to keep the force signal
visible within the screen for as long as possible. Each
50%MIVF was stopped by the experimenter when
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the force signal became lower than 2.5% of the target
force for more than 2 s. Our feedback protocol allowed
subjects to produce force values close to 50%MVIE.
Before and after downhill running, mean force values
over the total endurance time were 49.3 + 0.8%MVIF
and 50.0 + 1.2%MVTF for males and 49.2 + 1.5%MVTIF
and 49.3 £ 1.2%MVIF for females. Twenty seconds
on completion of the isometric fatigue task, subject
performed one final “all-out” MVIE

Surface electromyography

Bipolar surface EMG electrodes (Delsys, Boston,
MA, USA), consisting of two parallel silver (99.9%)
bars, each 10 mm in length and 1.0 mm wide, with a
interelectrode distance (center-to-center) of 10 mm,
were placed over the vastus medialis (VM) and vastus
lateralis (VL) muscle of the non-dominant leg. The
common-mode rejection ratio of the EMG electro-
des is < 92dB. The reference electrode was placed
over the patella. Before electrode placement, the skin
was shaved, lightly abraded to reduce impedance
between the electrode and cleansed with alcohol
swabs. Electrodes were fastened to the skin with tape
and location was traced with a marker pen to enable
electrode placement at the same location in various
sessions. Raw EMG signals were amplified (x1000)
per channel, sampled at a rate of 1024 Hz and stored
on computer.

Downhill running

Subjects performed an incremental treadmill
protocol on a Woodway Ergo ELG 70 (Cranlea and
Co., Birmingham, UK) (gradient 1%) with increases
in speed of 1 km-h'every minute. The speed that
could be maintained for a complete minute during
the maximal test was taken as maximal speed (V__ )
(30).V_ was17.4+0.9 km-h" and 12.9+1.5 km-h" for
males and females, respectively. Speed and gradient of
the treadmill for the downhill run was set at 60%V_
and -12%, respectively. Subjects ran 5 bouts of 8 min
separated by a 2 min recovery (31) in which subjects
remained standing on the non-moving part of the
treadmill.

Data analysis

For each MVIE, the maximal force was quantified as
the highest mean value over a 0.5 s period that included
the peak force. The maximal force measured during
any of the three trials was then taken as a measure of
MVIF (i.e. MVIF ). Fatigue induced by the sustained
isometric contraction was quantified by the ratio (per
cent) of the force value 20 seconds after completion
of the isometric fatigue task to the maximal force
value of the MVIF before the isometric fatigue task
[(ie. 100% - (MVIE, /MVIE _x 100%)]. Start of the
endurance time was taken when the force signal was

between 47.5% and 52.5% MVIF for at least 2 s. The
failure point was the time at which force fell below
47.5% MVIF for longer than 2 s. EMGworks software
(Delsys, Boston, MA, USA) was used for bandpass
filtering (20-500 Hz) of the raw EMG signals and
calculation of the EMG parameters root mean square
(RMS) and median frequency (MDF) for each muscle.
The RMS and MDF values were taken as an index of
muscle activity and muscle fatigue, respectively. For
MVIEFE the ratio of the RMS of the vastus lateralis
muscle to the RMS of the vastus medialis muscle (i.e.
RMS, /RMS, ) was calculated. A change in this ratio
would provide information on a change in contribu-
tion of these muscles to the maximal force producing
capability of the knee extensor muscles after downhill
running. EMG parameters for the 50%MVIF (i.e. MDF
and RMS) were calculated for successive sampling
intervals for the first and last 10% of the duration time
to task failure (i.e. endurance time) for the VL and
VM muscles. The RMS of the EMG signal during the
50%MVIF was normalized with respect to the RMS
values determined during the trail that provided maxi-
mal force. The percent change in RMS in the last 10%
time intervals (i.e. 90-100%) from the first 10% time
interval (i.e. 0-10%) and the absolute change in MDF
in the last 10% time interval was calculated for each
muscle before and after downhill running.

Statistical analysis

Unpaired student t-tests were used to test between
males and females 1) MIVF before downhill running,
2) MVIF deficits after downhill running, 3) ratio of
the RMS values of the vastus lateralis and vastus me-
dialis muscles (i.e. RMS, / RMS, ) before downhill
running, 4) a change in the ratio RMS,, /RMS,  after
downhill running, and 5) endurance times before
downhill running, 6) the change in endurance times
after downhill running, 7) the change in value of 100%
- (MVIF 20S/MVIFpre x 100%) (i.e. the force loss that was
present 20 seconds after failure of the 50%MVIF), 8)
the percent change in RMS in the last 10% time interval
for either vastus medialis and vastus lateralis, 9) MDF
values between vastus lateralis and vastus medialis
in the beginning of the 50%MVIE, 10) the absolute
change in MDF at the end of the 50%MVIF for either
vastus medialis and vastus lateralis. Data are presented
as mean £ SD. Significance was accepted at P < 0.05.

Results
Maximal voluntary isometric contractions
Maximal voluntary isometric force (MVIF)

Force of the knee extensor muscles of the female
subjects (480.6 = 49.9 N, range from 419.8 to 561.0
N) was 71% of the force value for the male subjects
(674.3 £59.8 N, range from 592.7 to 744.4 N) (P<0.05)
(Figure 1). Both female and male subjects showed a
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significant deficit in force of the knee extensor muscles
1 hr after the downhill run (Figure 1), but the force
deficits were similar (i.e. male: 11.7 +7.2 %, range from
3.8 to 26.0%, female: 7.5 £ 7.7%, range from -5.5 to
16.1%) suggesting that there was no gender effect on
the susceptibility for maximal isometric force decline
by muscle injury from a bout of downbhill running.

7501 *
T *k 5
Z 500- l
s
o
s
B 2501
0-
pre 1 hr post pre 1 hr post
Males Females

Fig. 1. Force (mean=SD) of the knee extensor muscles of female and male
subjects before and 1 hr after downhill running (i.e. pre and 1 hr post). *
Significantly different from pre values for males and females, P < 0.05. **
Significantly different from pre value of males

Surface electromyograms

Before the downbhill run, the ratio for the RMS
values of the vastus lateralis (VL) and vastus medialis
(VM) muscles (i.e. RMS, /RMS, ) was similar for ma-
les (0.49 £ 0.25, range from 0.19 to 1.04) and females
(0.44 £ 0.08, range from 0.33 to 0.54) (Figure 2). This
suggests that for both males and females the contribu-
tions of VL and VM to voluntary maximal isometric
force of the knee extensors were similar. However, 1
hr after the downbhill, there was a trend for the ratio
RMS, / RMS  to be increased by 23% in female
subjects (Figure 2) (P=0.054) but it was not changed
for the male subjects. This observation suggests that
downbhill running changed the contribution of the VL
and VM to the task of producing maximal isometric
force by the knee extensor muscles in females, but
not in males.
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Fig. 2. Ratio of the RMS values of the vastus lateralis (VL) and vastus medialis
(VM) muscles (i.e. RMS,, /RMS,, ) for males and females during voluntary
maximal isometric contractions (i.e. MVIF) before and 1 hr after downhill
running (i.e. pre and 1 hr post). Data are presented as mean=*SD. &, trend
to be different from pre values, P=0.054

Submaximal isometric fatiguing contractions
Endurance time

The endurance time of knee extensor muscles du-
ring a sustained 50%MVIF was 55% higher for males
(78.7 £ 24.1 s, range: 46.2 to 113.3 s) compared to
females (57.2 £ 12.6 s, range: 38.8 to 74.4) (P<0.05).
Endurance times in both males and females were not
changed 1 hr after the downhill run (males: 70.3
38.1 s, range: 32.9 to 135.0 s; females: 55.9 £ 14.3 s,
range: 38.9to 81.4 s). The 50%MVIF resulted in similar
declines in the force 20 seconds after failure (i.e. male:
16.0 £ 7.6 %, range: 6.9 to 28.2%, female: 16.9 +4.0 %,
range: 9.7 to 21.2%) with no changes for these declines
when the 50%MVIF test was performed 1 hr after
the downbhill run (i.e. male: 13.4 £ 5.5 %, range: 7.2 to
22.7%, female: 17.7 £ 5.2 %, range: 12.0 to 24.7%).

Electromyograms

For the vastus medialis and vastus lateralis musc-
les of male subjects, the change in root mean square
(RMS) during the sustained isometric contraction was
not altered after the downhill run [(e.g. VM, before:
35.24+42.5 %, range: 2.0 to 132.2 %; after 44.1 +£42.0 %,
range: -1.3 to 100.6 %)] (Figure 3). In contrast, for the
vastus medialis and vastus lateralis muscle of female
subjects, the change in RMS was significantly lowered
(VM: before 47.7 £31.5 %, range: 11.1 to 114.1 %; after
30.1 £ 31.2 %, range: 7.8 to 99.0 %; VL: before 35.5 £
22.7%, range: 2.1 to 60.4%; after 20.7 £ 17.6%, range:
-0.6 to 49.1%) (Figure 3) (P<0.05).

At the beginning of the 50%MVIF and before the
downhill run, median frequency (MDF) values were
higher in vastus lateralis muscle (99 + 22 Hz, range:
65 to 139 Hz) compared to vastus medialis muscle
(74 £ 7 Hz, range: 66.6 to 81.2 Hz) in male subjects
(P=0.01). Such a difference was not present for the
median frequency in female subjects [(VL: 72 £ 13
Hz, range: 54 to 95 Hz; VM: 70 £ 7 Hz, range: 61 to
82 Hz)]. Downhill running did not change the MDF
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Fig. 3. Change in root mean square (RMS) during the sustained isometric
contraction (50%MVIF) for the vastus medialis and vastus lateralis muscles
of male and female subjects before and after downhill running. Data are
presented as mean=SD. * Significantly different from pre values, P < 0.05
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value at the beginning of the 50%MVIF in female and
male subjects. For male subjects, there was a trend for
a change in the shift of the MDF value of the vastus
lateralis during a 50%MVIF after downhill running
(male: before -17 + 11 Hz, range: 1 to -27 Hz; after -10
+ 7 Hz, range: 2 to -19 Hz) (P=0.05). Such a shift was
not observed in the vastus medialis of male subjects.
For female subjects, there was no change in the shift of
the MDF value of vastus medialis and vastus lateralis
during a 50%MVIF after downhill running (e.g. VL
before: -9 + 9 Hz, range: 7 to -25 Hz; after -10 = 6 Hz,
range: 0 to -21 Hz).

Discussion

The novel findings of the present study were that
after a bout of mild downhill running females, but not
males, alter the recruitment strategy of knee extensor
muscles during voluntary efforts 1) to produce maxi-
mal isometric force and 2) to sustain a submaximal
isometric force until failure. Evidence of neuromuscu-
lar adaptation was provided by the significant change
in the ratio of the RMS values for the vastus lateralis
and vastus medialis muscles. After downhill running,
females, but not males, produced maximal isometric
force of the knee extensor muscles with an increased
and decreased contribution, respectively, of the vastus
lateralis and vastus medialis muscles. In addition,
females, but not males, performed the submaximal
isometric fatigue task at 50%MVIF with a reduced
change in RMS values of the vastus medialis and vastus
lateralis muscles. This alteration of recruitment stra-
tegy in females was not associated with an observable
change in muscle fatigue (i.e. median frequency) in the
vastii muscles. For males, the only observable change
after the downhill run was the diminished ability to
produce maximal isometric force (i.e. an isometric for-
ce deficit) and a trend for a smaller shift of the median
frequency of the vastus lateralis muscle.

Isometric force deficits are considered to be the
best measure of eccentric-contraction-induced mu-
scle injury (32). Skeletal muscles from females and
males suffer similar acute isometric force deficits
from various types of eccentric exercise (e.g. 4,25,26)
including downbhill running (our study, males: 11.7%,
females: 7.5%). Other downbhill running studies repor-
ted isometric force deficits of 6% (33) and 22% (31).
Our force deficits were relatively mild compared to
eccentric exercise in elbow flexor muscles for which
deficits over 40% are not uncommon (26,34,35). Part
of the isometric force deficits may have been due to a
depression in voluntary activation which was shown
to occur after intermittent one-legged downbhill run-
ning (4). However, intermittent one-legged downhill
running for 30 minutes seemed to be more severe
than our protocol and resulted in larger force deficits
of 13.6% for males and 17% for females (4). The force

deficits were most likely caused by muscle injury due
to excitation-contraction coupling failure and damage
to force producing structures. However, caution is ne-
eded when comparing potential mechanisms for force
deficits from different studies because of differences in
exercise intensity, exercise duration of the contractions,
subject characteristics and muscle type. Nevertheless,
both females and males in our study experienced the
downhill run as an exercise of mild intensity and they
did not report any subjective feelings of weakness 1
hr after the downbhill run. If subjects had experienced
some weakness from the downbhill run, this may led
to reduced endurance times during the 50%MVIF
which was not the case. Similarity in endurance times
before and after downhill running was associated with
similar changes in median frequency values during the
50%MVIF for both females and only for males a trend
for smaller change in the vastus lateralis muscle. For
males, the endurance time for knee extensor muscles
to produce a 50%MVIF until failure was 78.7 £+ 24.1
s. For studies in which males participated, large varia-
tion can be found for the average endurance time for
knee extensor muscles during a 50%MVIF: it ranges
from values of 53 + 12 s to 120 + 21 s (33,36-42). We
are aware of only one study that measured for fema-
les the endurance times of knee extensor muscles for
50%MVIF (endurance time 59 + 15 s, 40) which was
similar as the endurance time in our study (i.e. 57.2
+ 12.6 s). Neither females or males showed a change
in endurance times after the downhill run which is
in contrast with Donnelly et al (33). A change from
62 to 55 seconds was observed after a downhill run
of 45 min, However, this measurement was taken 6
hours following the run (33). Constancy of endurance
times for 50%MVIF before and after downhill running
may indicate that any contribution of total agonist
and antagonist muscle activity towards maintaining a
50%MVIF was not changed.

After the downhill run, the MIVF was produced
with a change in the ratio for the RMS values of
the vastus lateralis and vastus medialis muscles (i.e.
RMS  /RMS, ) in females, but not in males. This
observation suggests that the contribution of the va-
stus lateralis and vastus medialis muscles to the task
of producing maximal isometric force with the knee
extensor muscles was changed in females, but not in
males. If we assume that the change in RMS values can
be taken as an indication of motoneuron activation
(43), females, but not males, reduce central and/or
peripheral activation of motoneurons to the vastus
medialis muscle after downhill running. Interestingly,
females also performed the 50%MVIF after the down-
hill run with reduced changes in activity of the vastus
medialis and vastus lateralis muscle. Because group
IIT and IV afferents are known to become activated
following injury to muscle fibers, it is possible that
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these afferents from injured vastus medialis and va-
stus lateralis muscles in females may have reduced the
descending drive to motoneurons (43), thus inhibiting
spinal motoneurons responsible for activation of the
vastii muscle. A recent study showed that eccentric
contractions modulated central and peripheral fatigue
during a 60 s maximal voluntary contraction 2 and 4
days after the exercise: central and peripheral fatigue
progressed faster (44). A faster progress of central and
peripheral fatigue in our study could have resulted in
decreased endurance times but this was not the case.
However, we need to emphasize again that our protocol
was relatively mild in intensity. Interestingly, several
studies have reported errors in the matching of force
and position with elbow flexors immediately after
eccentric exercise (34,35,45). Such errors point to a
disturbance in proprioception and indicate a change
in motor control during submaximal force tasks. Any
neuromuscular adaptation could be related to exerci-
se-induced changes in afferent feedback from tendon
organs (46) but not from muscle spindles because
responses of muscle spindles during contractions were
not changed after a series of eccentric contractions
(47). Bulbulian et al (12) found evidence of reduced
motoneuron pool excitability after downhill running
by measuring the change in the ratio of the Hoffman
reflex (H-wave) and the maximally electrically sti-
mulated muscle action potential (M-wave) and after
stimulation of the tibial nerve. However, we can only
speculate at this point why such a muscle- and gen-
der-specific neuromuscular adaptation occurred and
cannot determine whether the changes occurred at
the spinal or supraspinal level.

Differences in muscle activity during downhill run-
ning between males and females could have caused the
adaptation in females. However, electromyographic
studies have shown that preactivition for the quadri-
ceps muscles during downhill running was similar for
males and females (48). Similarity in preactivation,
however, does not provide information on muscle
activity during downbhill running. Differences in ki-
nematics between males and females during downhill
running might make the females more susceptible
for injury and therefore, potentially more damage is
possible in specific muscles which warrant neuromu-
scular adaptation in females. However, many factors
such as shoe characteristics influence the kinematic
adaptations during running (49) and these were not
controlled in our study. Interestingly, eccentric exercise
with seated knee extension resulted in signs of greater
muscle injury in rectus femoris (RF) compared to the
vastii muscles based on magnetic resonance obse-
rvations (18). These authors reasoned that restricted
movement around the hip during seated knee eccentric
extension exposed the rectus femoris to higher peak
forces and displacements that would normally not be

experienced during unrestricted movements (18). An
increased susceptibility of the rectus femoris muscle
for injury compared to the vastii muscles was sugge-
sted by Deschenes et al (15) based on an increase in
integrated EMG of the rectus femoris muscle only
after maximal concentric/eccentric knee exercise.
Downbhill running allows unrestricted movement of
the vastii and rectus femoris muscles and differences
in kinematics during downhill between females and
males could have led to variation in the degree of injury
experienced by the individual knee extensor muscles.
Small differences in muscle specific fiber length chan-
ges during eccentric contractions and eccentric forces
for individual knee extensor muscles during downbhill
running may have been unfavourable for one or more
of the knee extensor muscles of females. Subjects were
not instructed regarding their control of stride length
during the downhill run. We can only speculate at this
point why the females would change neuromuscular
strategy to perform maximal and submaximal iso-
metric contractions after downhill running. Possibly,
muscle-specific injury requires compensation by other
muscles (i.e. rectus femoris and vastus obliquus) of
the knee extensor group to perform maximal and
submaximal isometric contractions. Such compen-
sation by synergistic muscles is not uncommon. For
example, compensation by vastus medialis and rectus
femoris during fatiguing submaximal knee extension
has been shown when the exercise was preceded by
electrostimulated-fatigue of vastus lateralis only (19).
Thus, acute modifications of neuromuscular coordi-
nation among synergistic muscles allow to perform
the exercise during muscle-specific fatigue (19). Our
monitoring of only vastus lateralis and vastus medialis
does not allow to pinpoint which of the knee extensor
muscles may have been more injury susceptible, if this
was the case at all. The neuromuscular adaptation
in females might not be even linked to the degree of
muscle injury resulting from the downhill running.
Fast-twitch muscle fibers are thought to be suscep-
tible for eccentric contraction-induced injury than
slow-twitch muscle fibers (50) and differences in fiber
type distributions in individual knee extensor muscles
between males and females were reported (28,51) but
were not found by others (52). However, there exist
large variations in fiber type distributions in males
and females and taking into account that our sample
size was relatively small, it would make a speculative
discussion of a possible effect of fiber type. Further-
more, no relationship exists between endurance time
for a 50%MVIF and myosin heavy chain composition
of vastus lateralis muscle (42) and the similarity in me-
dian frequency during the 50%MVIF before and after
downbhill running suggested that there was no specific
effect on fast twitch muscle fibers. This is in contrast
with eccentric exercise of elbow flexors for which lower
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median frequency values were recorded 1 hr after the
exercise (16). Further studies should examine whether
neuromuscular adaptations would occur in males and
females with downhill running protocols of more se-
vere intensity and for isometric fatigue tasks at force
levels lower and higher than 50%MVC.

Conclusion

It is concluded that after downhill running females
but not males change the neural drive to vastus media-
lis and vastus lateralis muscle during submaximal iso-
metric contractions. It may be possible that dispropor-
tionate muscle injury in females might have required
a change in recruitment strategy to produce voluntary
isometric contractions. Mild injury to synergistic mu-
scles in females caused by eccentric contractions may
alter the recruitment patterns of individual muscles
during voluntary isometric contractions.
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