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ABSTRACT: To examine whether adding preconditioning hamstring resistance exercises to a regular warm-
up prior to a repeated sprinting exercise provides protection against the sprinting-induced muscle damage. Ten
female soccer players (mean =+ SD age: 21.3 + 4.5yrs; height: 171.34 = 8.29 cm; weight: 68.53 = 11.27 kg)
participated in this study. After the familiarization visit, the subjects completed three separate randomly sequenced
experimental visits, during which three different warm-up interventions were performed before the muscle-
damaging protocol (12 sets of 30-m maximal repeated sprints): 1. Regular running and static stretching (Control);
2. Control with hyperextensions (HE); 3. Control with single leg Romanian deadlift (SLRD). Before (Pre), inmediately
(Post0), 24 hours (24hr), and 48 hours after (48hr) the sprints, hamstring muscle thickness, muscle stiffness,
knee flexion eccentric peak torque, knee extension concentric peak torque, and functional hamstring to quadriceps
ratios were measured. Repeated sprints have induced muscle damage (e.g., an average of 42% knee flexion
eccentric strength reduction) in all three conditions. After the SLRD, hamstring muscle thickness decreased from
24hrto 48hr (p < 0.001). Additionally, muscle stiffness and eccentric strength for the SLRD showed no difference
from baseline at 24hr and 48hr, respectively. When compared with the SLRD at 48hr, the muscle stiffness and
the eccentric strength were greater and lower, respectively, in other protocols. The SLRD protocol had protective
effect on sprinting-induced muscle damage markers than other protocols. Athletes whose competitions/training
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are densely scheduled may take advantage of this strategy to facilitate muscle recovery.
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Hamstrings strain injuries (HSIs) often occur in sporting activities
which contain high-speed open kinetic chain type muscle contrac-
tions such as sprinting [1]. During the terminal swing phase of
a sprint, the hip is flexing and the knee is extending rapidly, creating
a situation where a large amount of force is required from the length-
ening knee flexors. This eccentric portion of the sprinting activity
plays an important role decreasing the hamstring muscle strength,
muscle activation, and flexibility for a prolonged period of time, known
as the eccentric exercise-induced muscle damage [2, 3]. Many team
sports (e.g. soccer, rugby, hockey) require athletes to perform numer-
ous intermittent and repeated sprints, which may increase the like-
lihood of muscle damage, thereafter leading to a decline in perfor-
mance. In fact, Keane et al. [4] reported reduced countermovement
jump height and sprint performance with increased muscle soreness
and creatine kinase level following the repeated sprints, even in

well-trained athletes [5]. Therefore, athletes who perform maximal
sprinting activities on a regular basis may suffer from impaired per-
formance. In addition, if their competitions are densely scheduled
(e.g., 2-3 times per week), full muscle/performance recovery between
competitions cannot be guaranteed, which not only negatively affects
their sports performance, but serves as a common HSI risk factor
during the competition season [2, 6, 7].

Besides eccentric exercise-induced muscle damage, other common
HSI risk factors include inadequate warm-up, muscle soreness,
muscle stiffness, muscle imbalance (hamstrings/quadriceps strength
ratio), etc. [8]. Thus, different interventions such as stretching and
resistance training have been used to improve hamstring muscle
functions, in order to prevent HSIs [9, 101. It has been reported that
adequate warm-up with proper stretching exercises may improve
sports performance [11], however, their influence on subsequent
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exercise-induced muscle damage remain controversial [12, 13]. For
example, Johansson and colleagues [3] found that 4 sets of 20-s
static stretching for the hamstring muscle group has no preventive
effect on muscular soreness, tenderness and force loss following the
muscle-damaging knee flexion eccentric exercise. On the other hand,
a brief warm-up combined with static active or dynamic active
stretches attenuated the symptoms of muscle damage after eccentric
exercise [14].

In addition to a variety of warm-up and stretching programs,
hamstring strength training has also been considered as a primary
tool to improve hamstring strength, thereby reducing HSls. For ex-
ample, injury prevention programs that include the Nordic hamstring
lower exercise reduced HSIs up to 51% when compared with the
ones did not incorporate injury prevention programs [15]. A 10-week
hip extension training also significantly increased biceps femoris long
head fascicle length and muscle volume, making the hamstrings less
likely to strain [16]. Considering the positive effects of chronic ham-
string strength training, it would be interesting to incorporate such
resistance exercises as a preconditioning bout prior to high intensity
repeated sprints, and to examine whether such interventions could
attenuate potential muscle damage and HSI risk factors. It has been
reported that preconditioning low-intensity eccentric exercises on
knee flexors and extensors could provide protection against subse-
quent eccentric exercise-induced muscle damage [17]. This term is
referred to as the repeated bout effect, however, the effective time
window between the first bout and second bout, as well as how long
this effect can last, differ across a variety of populations. In addition,
it is also unclear whether resistance exercises with different intensi-
ties and eccentric contractions portions would impose differential
effects on sprinting-induced muscle damage [18, 191.

Therefore, the purpose of this investigation was to examine wheth-
er adding preconditioning non-fatiguing hamstring resistance exer-
cises to the regular warm-up prior to a bout of repeated maximal
sprints provide protective effects against sprint-induced muscle dam-
age in female soccer players. Instead of the Nordic hamstring lower
exercise, the hyperextension off the table (HE) and the single leg
Romanian deadlift (SLRD) exercises were separately incorporated
into the regular warm-up protocol, as the intensity of Nordic hamstring
lower exercise is considered to be high, which may affect subsequent
sports performance, and has rarely been used as a warm-up protocol.

MATERIALS AND METHO DS 15
Subjects

Ten female soccer players (mean + SD age: 21.3 = 4.5yrs; height:
171.34 + 8.29 cm; weight: 68.53 + 11.27 kg) voluntarily par-
ticipated in this investigation. Subjects were eligible to participate if
they practiced soccer at a university or recreational league level. In
addition, they had to participate in at least two training sessions per
week, who all had at least a year of training experience. Subjects
were excluded from the study if they had any injuries on the ankles,
knees, hips, low back, or hamstring muscles over the past one year.
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All subjects provided written informed consent before testing. This
study was approved by the Ethics Committee on Human Research
of the National Taiwan University. Subjects were instructed to avoid
their regular training throughout the experimental period and refrained
from vigorous physical activities 72 hours before each testing visit.
All experimental procedures were in accordance with the ethical
standards of the Helsinki Declaration of 1975.

Design

This investigation used a crossover design to examine the effects of
different warm-up interventions on muscle damage markers following
a maximal repeated sprinting protocol. All subjects visited the labo-
ratory on 4 separate occasions. The first visit was to familiarize the
subjects with all the measurement tests, as well as the different
warm-up protocols. The following three experimental visits were
conducted in a randomized order, during which different warm-up
interventions were performed before the repeated maximal sprints:
1. Only regular running and static stretching (Control); 2. Regular
running and static stretching followed by hyperextensions off table
exercise (HE); 3. Regular running and static stretching followed by
single leg Romanian deadlift exercise (SLRD). At least 7 days of rest
were provided between consecutive experimental visits. All dependent
variables were measured at the baseline (Pre), immediately (Post0),
24 hours (24hr), and 48 hours (48hr) after the maximal repeated
sprints. The measurements were always performed at the dominant
side of the subjects, determined by which foot the subjects would
kick a soccer ball.

Procedures

At each experimental testing visit, the subjects started with a regular
warm-up protocol which began with 5 minutes of running at 60-100%
of their perceived maximum speed with a series of dynamic sprint
drills (high knees, heel-flicks, and walking lunges). Following the
running exercise, subjects were given 5 minutes to perform unas-
sisted static stretching exercises on their gluteus, psoas, adductors,
hamstrings and quadriceps muscles. Each unassisted stretching
exercise was performed one time for 30 seconds to the level of mild
discomfort, but not pain on each leg. A detailed description of the
stretching exercises is listed in Ayala et al [20]. Following the stretch-
ing protocol, subjects were instructed to perform one of the three
warm-up intervention protocols: 1) Control: during which the subjects
rested for 5 minutes with the sitting position; 2) HE: the subject lay
down on a hyperextension bench with the prone position. With the
legs fixated by a research staff, the subject’s hip and upper body were
hanging off the bench’s edge. The subject then started to bend down
slowly with the back flat until a stretch is felt on the hamstrings.
With one second pause at the bottom, the upper body was raised
again until the hip is fully extended. The subjects performed this
exercise for 12 repetitions with full range of motion and controlled
manner; 3) SLRD: the subject started with the standing position on
one foot and with the knee slightly flexed (10-15°), then she slowly
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bent the upper body forward until reaching the end range of motion
of the hip flexion. The subject then simultaneously extended the knee
to stretch the hamstring muscles to the point of discomfort but with-
out pain. With one second pause at the bottom, the upper body was
raised back to the standing position. This exercise was performed on
each leg with 12 repetitions with controlled manner.

Following the warm-up intervention protocol, the baseline (Pre)
measurements were conducted in the following order: muscle thick-
ness, muscle stiffness, and isokinetic knee flexion/extension peak
torque. The maximal repeated sprints protocol began after the base-
line measurements. The subjects performed 12 sets of 30-m maxi-
mal repeated sprints, with a 10-m acceleration and a 15-m decel-
eration for each sprint. The rest interval between consecutive sprints
were 60 seconds. Immediately (PostQ), 24 hours (24hr), and
48 hours (48hr) after the sprinting exercise, dependent variables
were measured again with the same order and manner as they were
measured at the baseline.

Measurements

Muscle Thickness

Muscle thickness was determined from the ultrasound images taken
along the longitudinal axis of the muscle belly using a two-dimen-
sional, B-mode ultrasound equipment (Siemens ACUSON S2000™,
Siemens Healthcare, Erlangen, Germany) with a 7.5 MHz linear
probe. The images were then analyzed digitally off-line. With the
subjects lying in the prone position with lower limbs relaxed, the
probe was placed on the subject’s dominant leg at the halfway point
between the ischial tuberosity and the knee joint fold, along the line
of the long head of the biceps femoris (BFIh). The muscle thickness
was quantified as the mean of the vertical distances delimited by
superficial and deep aponeuroses measured at both image extremi-
ties.

Muscle Stiffness

Muscle stiffness was measured in real time based on the acoustic
radiation force impulse (ARFI) technique. Using the ARFI-based
elastography examination mode to measure the shear wave velocity
(SWV, m/s) provides an indicator of muscle stiffness of the BFIh. The
ARFI measurement was performed with the same ultrasound system
as the muscle thickness was measured. The probe was held over the
BFIh, parallel to the long axis of the muscle, to obtain a valid SWV
measurement.

Isokinetic Strength and Functional Hamstring to Quadriceps Ratios
(f-H:Q)

An isokinetic dynamometer (Biodex System Pro 4, Biodex Medical
Systems, Inc., Shirley, NY) was used to assess hamstring and quad-
riceps muscle strength performance. The subject sat with a comfort-
able position on the dynamometer. The mechanical axis of the dy-
namometer was aligned with the lateral epicondyle of the knee. The
trunk, the waist, the thigh, and the chest were strapped with belts

to minimize extraneous body movements. The range of motion of the
dominant knee was set before the strength testing. The subjects
performed a standardized warm-up composed of 3 submaximal (50%
of perceived maximal effort) eccentric contractions at the designated
angular speed before each test. After a 2-minute rest, they were
asked to perform 3 maximal eccentric knee flexion contractions at
the angular speed of 30°s, and the eccentric peak torques were then
recorded. A 45-second rest period was provided between consecutive
maximal voluntary contractions (MVCs). Two minutes after the knee
flexion eccentric strength testing, the subjects performed concentric
knee extension warm-up followed by 3 maximal concentric knee
extension contractions at 60°s, and the concentric peak torques of
the knee extensors were recorded. The highest peak torque of the
three maximal contractions for each test was collected for data
analysis. The functional hamstring to quadriceps ratios (f-H:Q) was
calculated as the maximal eccentric knee flexion peak torque di-
vided by the maximal concentric knee extension peak torque. As the
ratio increases, the hamstrings have an increased functional capac-
ity for providing stability to the knee joint [21].

Statistical Analyses

A priori power analyses (G*Power 3.1) indicated that a sample size
of 9 subjects resulted in statistical power values of 0.80 or greater
for all the dependent variables. Separate two-way repeated measures
(time [Pre, PostO, 24hr, 48hr] x protocol: [Control, HE, SLRD]
analyses of variance (ANOVAs) were conducted to examine the po-
tential changes of each dependent variable over time among different
protocols. When appropriate, follow-up tests included one-way re-
peated measures ANOVAs and pairwise comparisons with Bonfer-
roni adjustments. All statistical tests were conducted using a statis-
tical software (IBM SPSS Statistics 22.0, Armonk, NY), with alpha
setat p < 0.05.

RIES U LTS /500
Table 1 shows the means and standard deviations (SD) for hamstrings
muscle thickness, muscle stiffness, knee flexion eccentric peak torque,
knee extension concentric peak torque, and functional hamstring
eccentric/quadriceps concentric ratio.

For muscle thickness, the 2-way repeated measures ANOVA in-
dicated that there was a time X protocol interaction (p = 0.004).
The follow-up analyses showed significant muscle thickness increase
from Pre to 24hr for control (p = 0.037); from Pre to PostO
(p = 0.002), from Pre to 24hr (p = 0.002), from Pre to 48hr
(p = 0.021), and from Post0 to 24hr (p = 0.038) for HE; and from
Pre to PostO (p = 0.029), from Pre to 24hr (p < 0.001), from PostO
to 24hr (p = 0.013), but significant decrease from 24hr to 48hr
(p < 0.001) for SLRD. In addition, the muscle thickness was sig-
nificantly lower for SLRD than that for HE at 48hr (p = 0.03) (Fig-
ure 1A).

For muscle stiffness, there was a significant 2-way interaction
(p = 0.001). The follow-up analyses indicated that muscle stiffness
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TABLE 1. Mean + Standard Deviation (SD) before (Pre), immediately after (Post-0), 24 hours after (Post-24), and 48 hours after
(Post-48) the repeated sprints for muscle thickness, muscle stiffness, knee flexion eccentric peak torque, knee extension concentric
peak torque, and functional hamstring to quadriceps strength ratios (f-H:Q ratio).

Pre Post-0 Post-24 Post-48
CON 17.27+2.81 19.16+2.46 19.56+2.59 18.79+2.54
m:f;r'zss ) HE 17.41+3.09 19.21+3.03 21.20+1.87 20.63+2.25
SLW 17.05+2.58 18.70%2.44 20.55+1.92 17.57+2.05
CON 1.28+0.47 1.59+0.32 1.87+0.19 1.88+0.20
gi‘]ﬂfsn‘i‘; ms) HE 1.26+0.29 1.64+0.39 1.93+0.34 1.89+0.21
SLW 1.39+0.38 1.61+0.45 1.65+0.42 1.47+0.39
Knee flexion CON 134.84+36.96 66.66+25.25 79.97+23.12 95.99+23.73
eccentric peak HE 132.20+32.71 67.93+12.91 76.76+15.86 94.75+23.01
torque (N-m) SLW 136.67+35.07 99.16+17.45 107.23+25.23 134.18+29.98
Knee extension CON 129.40+48.07 107.50+43.96 112.10+49.36 111.23+53.23
concentric peak HE 126.61+50.77 109.79+47.48 113.49+42.42 112.98+38.35
torque (N-m) SLW 127.11+48.61 113.24+40.92 109.22+40.30 116.87+44.73
CON 1.12+0.36 0.66+0.24 0.78+0.27 1.00+0.35
f-H:Q ratio HE 1.18+0.46 0.70+0.22 0.76+0.30 0.89+0.22
SLW 1.17+0.37 0.96+0.30 1.07+0.31 1.27+0.38

significantly increased from Pre to PostO, from Pre to 24hr, from Pre
to 48hr, and from PostO to 24hr for Control and HE; and only from
Pre to PostO (p = 0.047) for SLRD. In addition, the muscle stiffness
was significantly lower for SLRD than those for both Control
(p = 0.031) and HE (p = 0.019) at 48hr (Figure 1B).

For knee flexion eccentric peak torque, there was a significant
2-way interaction (p < 0.001). The follow-up analyses revealed that
the knee flexion eccentric peak torque significantly decreased from
Pre to PostO, from Pre to 24hr, from Pre to 48hr, but increased from
PostO to 48hr and from 24hr to 48hr for both Control and HE. The
SLRD shared the similar patterns as the other two conditions, but
the peak torque at 48hr showed no significant difference from the
Pre value. In addition, at PostO, 24hr, and 48hr, the peak torque
values for SLRD were significantly greater than those from other
protocols (Figure 2A).

For knee extension concentric peak torque, the 2-way repeated
measures ANOVA showed no significant interaction (p = 0.851).
However, there was a significant main effect for time (p < 0.001).
When collapsed across protocol, the combined mean knee extension
concentric peak torque value significantly decreased from Pre to PostO
(p < 0.001), from Pre to 24hr (p = 0.012), and from Pre to 48hr
(p = 0.04) (Figure 2B).

For functional hamstring/quadriceps strength ratio (f-H:Q), there
was no significant 2-way interaction (p = 0.073). However, there
were main effects for both time (p < 0.001) and protocol (p = 0.006).
When collapsed across protocol, the combined mean ratio signifi-

cantly decreased from Pre to PostO (p < 0.001) and from Pre to
24hr (p < 0.001), but significantly increased from PostO to 48hr
(p = 0.028) and from 24hr to 48hr (p = 0.034) (Figure 2C). When
collapsed across time, the combined mean ratio for SLRD was sig-
nificantly greater than that for Control (p = 0.023), but a trend toward
significance for HE (p = 0.053).

DISCU'S S 1O /N 15
The main purpose of this study was to examine the effects of a reg-
ular warm-up combined with different hamstring exercises on mus-
cle damage markers following a muscle-damaging exercise protocol
(repeated maximal sprints). First of all, our results confirmed that
the repeated sprints induced a large degree of muscle damage in all
three interventions. This damage was qualified by indirect markers
that included prolonged depression of muscle strength [22], accom-
panied with the elevated muscle thickness [23] and muscle stiff-
ness [24] for at least 24 hours following the sprints.

With the presence of the sprinting-induced muscle damage,
a novel finding of this investigation is that the combination of the
regular warm-up exercise with one set of SLRD prior to the maximal
sprints resulted in significantly less muscle damage and faster recov-
ery than the other two conditions (Control and HE). Specifically,
48 hours following the repeated sprints, the values for muscle thick-
ness, muscle stiffness, and knee flexion eccentric strength returned
to baseline for SLRD, and they were different from the values of the
other two conditions. In addition, as a common HSI risk factor, the
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combined (across three interventions) functional hamstring to quad-
riceps strength ratio returned to baseline, with the SLRD showing
significantly greater treatment effect than the Control, and a near-
significance greater effect than the HE. All these findings indicate
the superior effects of adding 12 repetitions of SLRD on protecting
against the subsequent sprinting-induced muscle damage than
other two warm-up interventions.

It has been reported that low-intensity (varied between 10% and
40% of MVIC) preconditioning eccentric exercise can attenuate sub-
sequent maximal or submaximal eccentric exercise-induced muscle
damage and accelerate the recovery [25, 26]. This protective effect
has been attributed to several different mechanisms, including neu-
ral, mechanical, and cellular adaptations [27]. From the same group
of researchers [28], this low-intensity eccentric exercise-induced
protective effect can last up to two weeks. A main difference between

Muscle Thickness (mm)

% #

Pre Post0 24hr

Muslce Stiffness (m/s)
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«# %

Pre Post0 24hr 48hr B

FIGURE 1. Muscle thickness (A) and muscle stiffness (B) before
(Pre), immediately after (PostO), 24 hours after (24hr), and 48
hours after (48hr) the repeated sprints.

Solid line with round dots: regular warm-up (Control); Long dash
line with square dots: regular warm-up with a set of hyperextension
off table exercise (HE); Short dash line with triangle dots: regular
warm-up with a set of single leg Romanian deadlift (SLRD)

*: significant difference between different time points for Control
(p < 0.05); #: significant difference between different time points
for HE (p < 0.05); %: significant difference between different
time points for SLRD (p < 0.05); t: significant difference between
different protocols (p < 0.05).

the current investigation and the previous studies, however, should
be pointed out: unlike the previous experiments during which the
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FIGURE 2. Knee flexion eccentric peak torque (A), knee extension
concentric peak torque (B), and functional hamstrings/quadriceps
strength ratio (C) before (Pre), immediately after (Post0), 24 hours
after (24hr), and 48 hours after (48hr) the repeated sprints.
Solid line with round dots: regular warm-up (Control); Long dash
line with square dots: regular warm-up with a set of hyperextension
off table exercise (HE); Short dash line with triangle dots: regular
warm-up with a set of single leg Romanian deadlift (SLRD)
Sub-figures B and C are demonstrating the combined mean values
across three interventions (Control, HE, and SLRD).

: significant difference between different time points for combined
mean values (p < 0.05)

*: significant difference between different time points for Control
(p < 0.05); #: significant difference between different time points
for HE (p < 0.05); %: significant difference between different
time points for SLRD (p < 0.05); 1: significant difference between
different protocols (p < 0.05)
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researchers delivered the muscle damaging protocols at least 2 days
after the preconditioning eccentric exercise, our subjects performed
the repeated sprints immediately after the preconditioning exercises
(HE and SLRD). As far as we know, this is the first investigation to
examine the influence of adding a set of resistance exercise (HE or
SLRD) to regular warm-up protocol on exercise-induced muscle dam-
age. In addition, only 12 repetitions of SLRD was sufficient to at-
tenuate the sprinting-induced muscle damage. Thus, the protection
from adding a set of SLRD was effective immediately. Similar to the
current research design, our previous experiment suggested that a
bout of static active stretching right before a muscle-damaging ec-
centric exercise protocol can also attenuate muscle damage [141].
Unlike the SLRD, adding a set of HE seemed to exacerbate the
sprint-induced muscle damage. Several mechanisms might have
influenced this result. First, it could be possibly due to the different
muscle activation strategies used in two exercises. According to Ze-
bis et al. [19] the HE specifically targets the biceps femoris muscle
during the concentric shortening phase, requiring relatively high
level of muscle activity for the hamstring muscles (75-87% of the
maximal EMG amplitude). On the other hand, electrical activity mea-
sured in the hamstring muscles during the SLRD exercise were low
(<50% of the maximal EMG amplitude), with greater muscle activa-
tion recorded during the lengthening phase [18). Therefore, the SLRD
could have served as a low-intensity preconditioning eccentric exer-
cise protocol, attenuating the subsequent sprinting-induced muscle
damage. However, the concentric-based HE exercise was not likely
to induce the protective effect for the following muscle-damaging
sprints. This hypothesis is supported by a previous report where a
bout of light concentric exercise showed no effect on the recovery of
subsequent eccentric exercise-induced muscle damage [29]. Second,
due to the high-intensity nature of the HE, local muscle temperature
probably increased more than the SLRD situation. According to Ev-
ans et al. [30] active warm-up non-fatiguing protocol (elbow flexion
exercise) increased biceps muscle temperature by 1°C, but exhibited
a greater circumferential increase than controls did following the
muscle-damaging protocol. The authors [30] attributed this to active
exercise-induced higher myotatic feedback loop activation and in-
creased stiffness, which might have limited fiber elongation, thereby
increasing the chance of fiber strain damage during eccentric exer-
cise [31]. In addition, we have anecdotally observed that some
subjects viewed the HE protocol as a relatively intense workout,
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which might have exacerbated the muscle-damaging effects of that
exercise.

Limitations

The novel findings of this investigation must be balanced against
some limitations. First and foremost, even though all the precondi-
tioning exercises were short in duration and low in volume, we do
not know for sure how long the preconditioning effect would last. If
the effect could have lasted more than a week, then it indeed could
have influenced the results. Second, we are not able to provide more
specific details regarding the physiological mechanisms associated
with the SLRD-induced protective effect. Indeed, changes in neural,
mechanical, and cellular factors following low-intensity eccentric
contractions could all elicit acute adaptations contributing to our
results. However, considering the protective effect happened im-
mediately, it is likely that neural factors played a more important role.
Thus, future research should focus on quantifying the contribution
from each factor under different exercising conditions.

CONCLU SO /N S 5
Adding a set of SLRD to a regular warm-up protocol prior to re-
peated sprints has superior effect on recovery from repeated maximal
sprinting-induced muscle damage than regular warm-up exercise
only and the combination of regular warm-up with HE exercise.
Muscle damage markers and hamstring performance retuned to base-
line 48 hours after the muscle-damaging protocol. A possible expla-
nation is that the eccentric-based SLRD exercise imposed a protec-
tive effect against the following sprinting exercise. Practically, athletes
who have high density competition schedules (e.g., competing 2-3
times per week) during the competition season, adding a set of SLRD
to the regular warm-up prior to the competition may help facilitate
the recovery from sprint-induced muscle damage, thus to poten-
tially enhance the sports performance and to decrease the possibil-
ity of HSIs for the following competitions.
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