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Moderate intensity and volume downhill run
does not impair knee joint stability at early
and late phases of quadriceps/hamstrings
contraction
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Abstract.

BACKGROUND AND OBJECTIVE: Muscle strength imbalance can be an important factor in hamstrings muscle strain. The
main purpose of this study was to investigate the effects of downhill running on hamstrings/quadriceps torque (H/Qyorque) and the
electromechanical delay (H/Qgump) ratios.

METHODS: Fifteen active male individuals performed two maximal voluntary isometric contractions of the knee extensors
and knee flexors, from which the maximal muscle torque, EMD and H/Qorgue and H/Qgup ratios were extracted. Thereafter,
the participants performed a 30-minute downhill run (—16%) at 70% VOzmax. Dependent variables were assessed immediately
before, immediately following and 48 hours after the effort.

RESULTS: Maximal isometric torque decreased significantly immediately after the downhill run for both the extensors (pre:
271.8 £45.9 N-m; post: 235.5 4= 55.7 N-m) and flexors (pre: 112.2 £ 26.3 N-m; post: 97.7 £ 27.2 N-m). No significant difference
was identified over time for the EMD of the vastus lateralis and biceps femoris muscles. The H/Qorgue and H/Qgyp ratios were
not influenced by the downhill run.

CONCLUSION: We have demonstrated that moderate intensity and volume downhill run does not impair knee joint stability at
early (H/Qgmp) and late phases (H/Qorque) of quadriceps/hamstrings contraction.
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1. Introduction

Muscular fatigue can be defined as a reduction
of the strength-producing capacity of skeletal mus-
cles induced by exercise [1]. Usually, fatigue symp-
toms are fully alleviated 24—48 hours after the exer-
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cise bout. However, in cases where the muscle per-
forms high-volume eccentric contractions, some ultra-
structural sarcomeric components (Z-line, sarcoplas-
mic reticulum, titin, etc.) are compromised, leading to
a prolonged fatigue state known as exercise-induced
muscle damage [2—4]. In this case, strength loss lasts
longer due to the inflammatory response that occurs
in order for the damaged structures to be properly re-
built [2,5]. Many studies have used downhill running
as a damage-inducing model because a large volume
of eccentric contractions is required during this activ-
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ity, which may also lead to fatigue due to its long-term
duration [6,7].

The ratio (H/Qyorque) between the maximal torque
produced by the knee flexors (KF) and extensors (KE)
has been widely studied and could be related to artic-
ular stability in the knee joint [8—10]. Epidemiological
studies have demonstrated that muscle strength imbal-
ance (i.e., impaired H/Q,,,.) may play a central role
in acute non-contact thigh muscle strain and anterior
cruciate ligament injury [11]. Another factor that could
lead to articular imbalance in the knee joint is the dif-
ference between the electromechanical delay (EMD)
of the KE and KF during explosive actions. Hannah
and colleagues [13] have suggested that this delay,
which is defined by the time-course between the on-
set of the electrical stimulus and the onset of the force
output, is longer for the KF than for the KE during
explosive contractions. Notably sport-related injuries
usually occur very early (~ 50 ms) during the con-
traction time-course [14]. Thus, prolonged hamstrings
EMD might be responsible for knee joint instability
and, consequently, some injuries during explosive ac-
tions [13].

It has been suggested that both fatigue and exercise-
induced muscle damage lengthen EMD [15-18]. In
fact, Conchola et al. [17] showed that fatigue induced
by intermittent isometric contractions lengthened both
the KF and KE EMD. However, this lengthening
lasted longer for the KF than for the KE. Addition-
ally, Howatson [18] found that muscle damage induced
by maximal isokinetic eccentric contractions increased
the EMD of the biceps brachii muscle. However, to the
best of our knowledge, there have been no studies in-
vestigating the effects of downhill running-induced fa-
tigue and muscle damage on EMD and markers of knee
joint stability. Downhill running presents the stretch-
shortening cycle and is performed at submaximal in-
tensity. These characteristics can lead to a different
pattern of fatigue and/or muscle damage. Baptista et
al. [19] found that low-frequency fatigue, which is de-
termined by ultrastructural damage, was similar be-
tween contraction types (concentric vs. eccentric) but
was greater after maximal compared to submaximal
eccentric fatiguing contractions. Thus, it would be in-
teresting to investigate if the muscle damage induced
by downhill running would compromise EMD and
markers of knee joint stability.

Therefore, the aim of the present study was to in-
vestigate if the strength loss induced by a 30-minute
downhill run would alter H/Q/y4, and lengthen EMD
immediately and 48 hours after the run, compromising
knee joint stability.

2. Methods
2.1. Farticipants

Fifteen active male undergraduate students partic-
ipated in the present study. The means of their age,
height and body masses were 22.7 + 4.4 years, 173.2
4+ 7 cm and 72.8 £ 9.7 kg, respectively. None of
them had experience with strength or endurance train-
ing during the 6 months that preceded the study as well
as no medical history regarding articular and/or mus-
cular injuries. All procedures adopted in the present
study were conducted in accordance with the declara-
tion of Helsinki for the use of humans as research sub-
jects. The study was analyzed and approved by our in-
stitution’s ethics committee.

2.2. Experimental design

The participants took part in a repeated measures
design involving four laboratory visits over a 2-week
period. All participants visited the laboratory on two
different occasions (Visits 1 and 2) before the start
of the experiment in order to become familiarized
with the equipment and sign an informed consent
form. During the visit 2, their maximal oxygen con-
sumption (VOzmax) and the velocity at VOamax
(vVOgamax) were determined via an incremental ramp
test on a treadmill (h/p/ comos pulsar — 3P, Nussdorf-
Traunstein, Germany) with a 1% inclination gradient
using a gas analysis system (Quark PFT Ergo, Cosmed,
Italy). Thereafter, the participants had 7 days to rest be-
fore returning to the laboratory and performing a 30-
minute downhill run at a speed equivalent to 70% of
their vVOymax at a —16% inclination gradient. De-
pendent variables were assessed immediately before,
immediately after and 48 hours after the downhill run
(Visits 3 and 4).

2.3. Experimental procedures

2.3.1. Downhill run

All participants performed a 30-min downhill run on
the treadmill. The treadmill was set at a —16% gradi-
ent with a target intensity of 70% of vVOymax, as de-
termined from the incremental ramp test. Prior to be-
ginning this run, each participant warmed up for 5 min
on a treadmill set at 0% gradient using self-selected
speeds.
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2.3.2. Isometric peak torque

All criterion measures were analyzed from maxi-
mal voluntary isometric contractions (MVCs) of the
KF and KE performed using a Biodex System 3 isoki-
netic dynamometer (Biodex Medical Systems, Shirley,
NY). Participants were placed in a sitting position and
securely strapped into the test chair. Extraneous move-
ment of the upper body was limited by two cross-
over shoulder harnesses and an abdomen belt. The
trunk/thigh angle was 85°. The axis of the dynamome-
ter was lined up with the right knee flexion-extension
axis, and the lever arm was attached to the shank by
a strap. The volunteer was asked to relax their leg so
that passive determination of the effects of gravity on
the limb and lever arm could be measured. Two 5 sec-
ond MVCs were performed for both the KF and KE
at a fixed knee joint position of 70° (0 = full exten-
sion), with 180-s rest intervals between each MVC.
These tests were performed in random order, using
only the dominant (preferred kicking) limb. The vol-
unteers were instructed to perform the MVC “as hard
and fast as possible” and to hold until they were other-
wise instructed. Examiners gave strong verbal encour-
agement during all MVCs. The MVC with the high-
est isometric peak torque for each muscle group was
selected for analysis.

2.4. Data analyses

The torque data were collected through a data ac-
quisition board (Miotool 200/400, Miotec, Porto Ale-
gre, Brazil) that was fully synchronized with the dy-
namometer at a 1000 Hz frequency. All torque data
were filtered (Butterworth filter, low pass, 40 order,
with a 15 Hz cut-off frequency) and analyzed using
MatLab 6.5 (Mathworks, USA). The torque onset was
defined as the time point where the KE and KF torque
exceeded the baseline by 2.5% of the baseline-to-peak
difference [20]. Isometric peak torque (IPT) was calcu-
lated as the greatest torque value obtained in the torque
production curve. H/Q/y4,. ratio was calculated as the
quotient of the KF IPT values and the KE IPT values.

2.5. Surface EMG recordings

The electromyographic signals (EMGs) of the vas-
tus lateralis and biceps femoris muscles of the par-
ticipants were assessed during all MVCs with the
same data acquisition board (Miotool 200/400, Miotec,
Porto Alegre, Brazil) used for torque analysis at a
1000 Hz frequency. Disposable adherent Ag/AgCl

bipolar electrodes (MediTrace, Sdo Paulo, Brazil), di-
ameter: 2 cm, inter-electrode distance: 2 cm, were
placed over the skin surface of the muscles, and one
simple reference electrode was placed over the ulnar
styloid process; both were connected to a preampli-
fier (100 times gain), following the SENIAM recom-
mendations for electrode placement and EMG assess-
ment [22], and connected to the data acquisition board,
which promoted a 20 times gain. Prior to electrode ap-
plication, the skin was shaved, abraded and cleansed
with alcohol. The data analyses were performed using
MatLab 6.5 while applying a high-pass filter (Butter-
worth, high pass, 2nd grder, with a 20 Hz cut-off fre-
quency) and a low-pass filter (Butterworth, low pass,
4*h order, with a 500 Hz cut-off frequency). The aver-
age root mean square (RMS) value of the EMGs ob-
tained at a 0.5 second interval during the MVC (i.e.,
0.25 seconds before and 0.25 seconds after the IPT)
was normalized by the peak RMS value obtained at the
same time interval during the first experimental MVC.
In this manner, all EMG values are expressed as per-
centages of the maximal RMS value (%RMSy4x) of
the baseline contraction.

2.6. Electromechanical delay

The electromechanical delay (EMD) of the vastus
lateralis and biceps femoris muscles was calculated
during the MVC, taking the time difference between
the KE and KF EMG and torque onsets. For EMG on-
set, the signal was conditioned, and a visual manual de-
tection was then performed [23]. First, the signal was
conditioned with a band-pass 30-300 Hz (6'" order
Butterworth) filter, which facilitates visual onset deter-
mination [24]. Then, the Teager-Kaiser energy opera-
tor (TKEO) was applied. The TKEO conditioning dis-
crete function was defined as:

elz(n)] = 2%(n) — z(n + z(n — 1) (1
where x is the EMG signal and n is the sample number.

After TKEO was applied, the signal was rectified
and low-pass filtered at 50 Hz (2nd order, Butterworth,
zero lag phase filter) to smoothly envelop the signal
and reduce high-frequency noises [25]. Visual detec-
tion was performed with 1 ms resolution, and the onset
was determined as the first muscle electrical activity
above baseline [26,27]. The intraclass correlation coef-
ficient for test-retest reliability for EMD of the vastus
lateralis was previously calculated to be 0.74 [28].

2.7. Statistical analyses

The sample size (n = 15) was calculated consider-
ing a difference between means of 5% (effect size) and
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Fig. 1. Group mean =+ SD values of isometric peak torque of knee ex-
tensor and knee flexor muscles before (pre), immediately after (post)
and 48 h after a downhill run. *p < 0.05 in relation to pre.

a 5% standard deviation, both obtained in pilot stud-
ies performed in the laboratory, adjusting the statisti-
cal power to 0.8 and the alpha error to 0.05. Data nor-
mality was tested using the Shapiro-Wilk test, and all
normal data are expressed as the mean + SD. Changes
in dependent variables measured over time were tested
via repeated ANOVA-F measures. Significance levels
were set at p < 0.05, and all tests were conducted using
SPSS 21.0.

3. Results

The mean VO;max and vVOzmax values of the par-
ticipants were 49.9 + 5.8 mL-kg~'-min~! and 16 +
2.2 km-h™!, respectively. IPT decreased significantly
immediately after the downhill run for both the KE
(pre: 271.8 £ 45.9 N-m; post: 235.5 £ 55.7 N-m) and
KF (pre: 112.2 &+ 26.3 N-m; post: 97.7 + 27.2 N-m)
(p < 0.05). No significant difference was found be-
tween the baseline and 48 hours post-downhill run IPT
values for both muscles (p < 0.05). IPT values are pre-
sented in Fig. 1.

No significant difference was identified over time for
the EMD of the vastus lateralis (pre: 94.5 £ 48.6 ms;
post: 92.3 £ 56 ms; 48: 116.6 £ 74.8 ms) and the
biceps femoris muscle (pre: 105.2 £+ 53.8 ms; post:
69.6 + 39.5 ms; 48: 100.8 £+ 49.7 ms), as shown in
Fig. 2 (p > 0.05). The normalized vastus lateralis
muscle EMG decreased significantly immediately after
the downhill run, returning to baseline levels 48 hours
later (pre: 64.6 £ 23.8% RMSmax; post: 55.1 + 16%
RMSmax; 48: 66.9 4+ 27.2% RMSmax). Similar re-
sults were obtained for the normalized biceps femoris
muscle EMG (pre: 63.9 + 20.5% RMSmax; post: 49
+ 12% RMSmax; 48: 58.4 + 18.5% RMSmax). The

Electromechanical delay
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Fig. 2. Group mean =+ SD values of electromechanical delay of knee

extensor and knee flexor muscles before (pre), immediately after
(post) and 48 h after a downhill run.
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Fig. 3. Group mean £ SD values of normalized electromyographic
signal of knee extensor and knee flexor muscles before (pre), im-
mediately after (post) and 48 h after a downhill run. *p < 0.05 in
relation to pre.

normalized EMGs for both muscles are presented in
Fig. 3.

Although IPT values changed acutely after the
downhill run, H/Qyoq. did not present any significant
alteration in relation to baseline values at any of the
measured time points (pre: 0.41 £ 0.09; post: 0.41 £
0.08; 48: 0.42 £ 0.07) (p > 0.05). The H/Qgup was
also not influenced by the downhill run at any of the
assessed time points (pre: 1.42 + 1.07; post: 1.49 +
2.55;48: 1.15 £ 0.93) (p > 0.05). Both H/Q/r4u and
H/Qgpyp ratio are graphically presented in Fig. 4.

4. Discussion

The main purpose of our study was to investigate
whether downhill running would lead to significant
fatigue, compromising the H/Qo4u and H/Qgyp ra-
tios, which could possibly impair knee joint stability.
Similar to previous studies, we have demonstrated that
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Fig. 4. Group mean + SD values of knee flexors/knee extensors
torque and electromechanical delay ratios before (pre), immediately
after (post) and 48 h after a downhill run.

IPT (KE and KF) [6] and normalized EMG (vastus
lateralis and biceps femoris) [29] were significantly
impaired immediately after exercise-induced muscle
damage. This study reveals, for the first time, that
EMD, H/Qyrque and H/Qgyp were not influenced by
fatigue induced by downhill running. Thus, down-
hill running, performed at moderate intensity and vol-
ume (i.e., 30 min at 70% vVOzmax), might not nec-
essarily impair knee joint stability during very early
(H/Qg p) and late phases (H/Q¢orque ) from the onset
of muscle contraction.

Downhill running is known to lead to fatigue, due
to not only its metabolic requirement but also the ex-
ertional damage induced to the muscle tissue [6,7,30],
which usually prolongs fatigue to 48—96 hours. In our
study, however, strength loss (i.e., fatigue) was only
identified immediately after the downhill running, re-
turning to baseline levels 48 hours after the run. This
fast recovery may be due to the slightly elevated fitness
levels of the subjects who participated in the study [3,
31]. Additionally, if the dependent variables were as-
sessed at a higher frequency (e.g., once a day), re-
covery could be better described. Nevertheless, fatigue
was identified for both the KE and KF immediately af-
ter downhill running. Moreover, we observed that nor-
malized vastus lateralis EMG was reduced immedi-
ately post-eccentric exercise, indicating that peripheral
and/or central alterations occurred concurrently with
IPT loss. Indeed, Racinais et al. [32] have verified that
the torque decrement found immediately after a down-
hill walking exercise was associated with a decrease in
voluntary activation (twitch interpolation). Moreover,
Piitulainen et al. [33] found that the conduction ve-
locity of action potentials was reduced during maxi-
mal voluntary contractions performed immediately af-
ter eccentric exercise. These data suggest that both cen-

tral (neural drive) and peripheral (membrane excitabil-
ity) alterations can explain the reduced muscle activa-
tion (normalized EMG) after exercise-induce muscle
damage.

Most of the studies that investigated the fatiguing ef-
fects of downhill running assessed the strength of the
KE because this type of activity requires numerous ec-
centric contractions of this muscle group, which leads
to exercise-induced muscle damage [7]. Therefore, fa-
tigue in the KE could possibly alter the H/Q;yque. How-
ever, we found that the KF force production was also
impaired, resulting in unaltered H/Q;o/que. The mech-
anisms behind the KE strength loss have been thor-
oughly discussed in the literature [34]. Among these
mechanisms are ruptures in the z-line of the sarcom-
eres, disorganization of the sarcomeric apparatus as a
whole, and sarcoplasmic reticulum disruption [3,33,
35], which are evident immediately after exercise [36].
These symptoms are triggered by a high degree of me-
chanical stress imposed on the muscle by high vol-
umes of eccentric contractions as well as oxidative
stress [37]. On the other hand, in our study, KF also
presented strength loss, which could be justified by
metabolic fatigue because this muscle group is re-
sponsible for part of the leg swing phase during run-
ning [38], which lasted 30 minutes. Therefore, we be-
lieve that, although caused by different mechanisms,
fatigue was proportional in the KE and KF, causing the
H/Q¢orque to remain constant and not alter knee joint
instability.

Hannah et al. [13] presented interesting data regard-
ing the relationship between the EMD of KE and KF
and knee joint stability at an early phase of contrac-
tions. The authors showed that the EMD of the latter
was longer than that of the former, which could lead
to knee joint imbalancing. Because most knee injuries
occur at an early phase of contractions [14], it is impor-
tant to ensure that the knee joint is properly stabilized
at this time point. The mean EMD for the vastus later-
alis (94 ms) and biceps femoris (105 ms) muscle across
pre-exercise trial assessments in the present study was
similar to the EMD observed for the knee extensors
during isometric (106 ms) [39] and isokinetic actions
(95 ms) [40]. There are conflicting reports about the
influence of fatiguing exercise on EMD. Some studies
have indicated that fatigue imposed by isometric [17],
eccentric and concentric isoKinetic contractions [34]
leads to strength loss, which augments the EMD. How-
ever, as demonstrated in ours and other studies [39]
neither of the assessed muscles had their EMD com-
promised by downhill running. H/Qgyp was, conse-
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quently, not altered by fatigue. We believe that one
of the reasons for this finding is the type of exercise
performed. Previous studies have indicated that high-
intensity contractions induced fatigue and alterations
in EMD [15,16,18,34]. However, downhill running in-
volvesthe stretch-shortening cycle and was based on
moderate volumes of low-intensity eccentric contrac-
tions of the KE. Both characteristics can determine a
lower disturbance in the neuromuscular apparatus [41],
blunting the effects of fatigue on EMD.

Finally, there are a number of limitations that need to
considered. First, no dynamic (concentric/concentric)
or functional (eccentric/concentric) ratios were con-
sidered in the present study. Indeed, some studies
have demonstrated that muscle fatigue differs accord-
ing to the types of contraction utilized during its de-
termination [42]. However, when multiple neuromus-
cular measures are performed, muscle fatigue can be
underestimated, since significant recovery in skeletal
muscle function occurs within the first 1-2 min af-
ter exercise [43]. Second, both fatigue and exercise-
induced muscle damage are dependent on exercise du-
ration/intensity. Thus, future studies should focus on
investigating the effects of greater volumes of downbhill
and/or level runs on these ratios as well as on dynamic
and functional ratios in order to better understand the
effects of fatigue on knee joint stability.

5. Conclusion

Although acutely manifested, downhill running-
induced fatigue does not impair H/Q/,4,. and H/Qgyp
ratios. Strength loss after this type of activity does not
appear to be necessarily related to increased EMD and
altered H/Qyorque and H/Qgyp ratios of the KE and KF,
which from a clinical point of view is a positive find-
ing as knee joint stability is maintained. The two ra-
tios represent distinct and important phases of mus-
cle contraction (i.e., very early and late phases, respec-
tively) that can affect knee joint injuries during sports
and daily activities. Therefore, a fatigued status of the
knee muscles after downhill run might not be of con-
cern for coaches and practitioners.
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