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ABSTRACT

This study aimed to examine how horizontal resistance affects spatiotemporal kinematics and the elec-
tromyographic (EMG) activity of the biceps femoris long head (BFlh) and semitendinosus (ST) in
sprinting.

Eleven trained male football players (n = 10) performed 40 m sprints under three resistance conditions
(0, 10, and 20% decrements in maximum sprint velocity, %vdec). Spatiotemporal variables were captured
using a photoelectric system, while high-density surface EMG recorded regional muscle activity in BFlh and
ST. Analyses were conducted at both maximum speed and matched running speed across conditions to
isolate the effects of resistance and velocity. Regional EMG distribution (centroid analysis) was evaluated in
a subset of participants with sufficient signal quality (n = 5).

At matched speed, spatiotemporal variables showed no differences across resistance levels, however ST
EMG activity was higher at 0 %vg4.. condition compare to 10 %vg.. condition during the swing phase
(70.50-75.70% P = 0.001). At maximum speed, moderate differences were found in step length and
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2 Physiology International

frequency. ST EMG activity was higher at 0 %vg4.. compare to 20 %Vvge. during stance phase (10.22-18.02%
P = 0.001) and 0 %Vvge. compare to 10 %vg.. during swing phase (68.50-71.00% P = 0.004). Centroid
analysis revealed individual-specific shifts in the region of the highest EMG amplitude within the muscles.

Moderate horizontal resistance has no or small impact on global hamstring EMG activity or sprint
mechanics at matched speed but may induce individual shifts in regional EMG activity. Future studies
should examine how these acute neuromuscular responses translate into long-term neuromuscular
adaptations.
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INTRODUCTION

The skill of sprinting holds significance across various sports like soccer, football, rugby, and
athletics [1, 2]. High propulsive forces applied to the ground predict acceleration performance
and contribute to maintaining high running speed [3, 4]. Modelling studies [5, 6] have shown
the vital role of hamstrings in sprinting by contributing significantly to horizontal propulsion,
especially at high running speed. Morin et al. [7] have shown that the amount of horizontal
ground reaction force produced during sprint acceleration is related to the excitation of the
biceps femoris long head (BFlh) prior to ground contact. Hence, BFIh might serve to pre-activate
the muscle and prepare for an effective propulsion in the stance phase. Additional to the BFlh,
the semitendinosus (ST) is likely to contribute to superior sprint performance [8, 9] by gener-
ating large hip extension torques [10] at maximal velocity phase.

Running speed significantly alters running kinematics and kinetics, requiring adaptive
changes in joint motion and muscle function. For instance, at slower speeds runners increase
speed primarily through longer step length, whereas at faster speeds they rely more on higher
step frequency [11]. Joint ranges of motion and angular velocities—especially at the hip and
knee—also increase with increasing running speed. In the stance phase, the ankle plantar flexors
dominate energy generation at low speeds but are overtaken by hip extensors at higher speeds.
Meanwhile, the hamstrings perform negative work during the swing phase, which also increases
with increasing speed [11].

Previous studies found substantial increase in hamstring electromyographic (EMG) activity
with increasing running speed [12-14]. However, these studies examined hamstrings EMG
activity at steady-speed running, and there are only a few studies that examined hamstrings
EMG activity in a maximal overground sprint acceleration. During overground sprinting, the
EMG activity of hamstring muscles is relatively high from the terminal swing to the early stance
phase [15], and increases with increasing running speed [16]. Consistent with these findings,
recent evidence confirmed that hamstring EMG activity—especially in the BFlh—increases sub-
stantially with speed, showing a 23% rise at maximum velocity [17].

Resisted sprinting is a common training method to improve sprint acceleration performance
[18, 19]. Resistance is often applied by using sleds, resistance bands, resistance chute or motor-
ised equipment to enhance muscular strength and power during sprinting. A number of studies
have assessed the acute effects on kinematics in response to increasing resistance. They found a
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decreased step length, decreased swing phase duration and step frequency, but increased contact
time [20, 21], when increasing the resistance by 10-40 % body mass, relative to unresisted
sprinting. Furthermore, resistance increased trunk lean [19] and decreased knee flexion angle
[22] in the acceleration phase. In line with these kinematic adaptations, recent findings [17]
demonstrated that increasing resistance during sprinting leads to a systematic reduction in
hamstring muscle activation, particularly in the stance phase. The effects of resistance were
substantial in the semitendinosus and semimembranosus, but not as much in the biceps femoris
long head. However, these studies only recorded from a small muscle region when examining
the interplay between hamstring muscles, without considering possible proximal-distal differ-
ences in EMG activity. Another limitation of these studies is that the effect of resistance was
compared at maximum speed of each resistance condition. However, the higher the resistance
the lower the maximum running speed, i.e., it is challenging to understand whether the effects
are due to increasing resistance or decreasing the speed at which these conditions are compared.
To better understand the acute effects of increasing resistance, it has been suggested to compare
speed-matched steps at different resistance conditions [23].

The aim of the current study was to examine the impact of increasing resistance in sprinting
on the spatiotemporal characteristics of the sprint and on the EMG activity of the BFlh and ST.
We aimed to perform the analysis at the maximum speed of each condition (i.e., matched sprint
phases but different speed), and at matched speed (i.e., different sprint phases) to separate the
effect of running speed and resistance. We hypothesized that, when comparing each resistance
condition at its maximum speed, regional activation of the BFlh will shift proximally and the
EMG amplitude will increase with higher maximum speeds, whereas semitendinosus (ST)
activity will remain relatively stable. This is suggested by Cerone et al., who found proximal
shifts in BFlh EMG centroid with increasing running velocity [24]. If running velocity is the
primary determinant of regional hamstring excitation, then when steps are matched for
running speed across resistance conditions there will be no systematic differences in regional
EMG distribution or overall EMG amplitude for BFlh and ST. Alternatively, if external load
imposes an additive effect independent of velocity, increasing resistance will produce increased
EMG amplitude and alterations in the regional distribution of activation (for BFlh and/or ST)
regardless of whether runs are compared at matched speed or at each condition’s maximum
speed.

METHODS

Participants were 11 male amateur football (soccer) players (age 22.7 + 2.8 years, height
1.81 + 0.04 m, weight 78.5 + 6.8 kg) with regular training and match exposure (minimum three
times per week), and were recruited from different local teams between 2022 October and 2024
Jun. Participants had no known history of hamstring injury or any lower extremity/lower back
injuries in the past. The players who participated in the study did not have prior experience with
the resisted sprint modalities employed. The final sample size was limited due to injuries and
data quality issues inherent to high-density EMG recordings during maximal sprinting. The
planned sample size was informed by previous studies [14, 23] investigating sprint kinematics
and region-specific hamstring EMG activity using similar methodologies with fewer than 15 par-
ticipants. All participants provided written informed consent for this study, which was approved
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(TE-KEB/34/2020) by the ethics committee of Hungarian University of Sports Science. Testing
procedures were performed in accordance with the Declaration of Helsinki.

Procedures

Before the main testing session, two familiarisation sessions were implemented where the
participants became familiar with the tools, procedures, and expectations. The familiarization
sessions began with general warm up, which consisted of running at gradually increasing
intensity (from 60 to 100% intensity) of 5 X 40 m sprints series and dynamic stretching. During
the familiarisation, participants performed two 40 m sprints at three different resistance condi-
tions to determine the required resistance for the targeted decrements of individual maximum
velocity (%vgec). The familiarization always started with the free sprint (0 %vge), followed by the
targeted 10 %V4e. and 20 %vg4e resistance conditions. The free sprint meant a minimal resistance
was applied (0.488 kg) by the robotic resistance device.

Following the familiarisation sessions, the measurement session began with preparation,
then the above warm-up protocol was followed by two free sprints. The individual maximum
velocity of the measurement session was used to calculate the 10 and 20 %vy,. target for the
testing (maximal speed — maximal speed x target %Vge.). The participants performed the 40 m
sprints at each resistance condition in a randomized order. The number of the sprints at each
condition varied between one and three repetitions, depending on how many repetitions were
needed to find the resistance which resulted in no or minimal deviation from the target decre-
ments of individual maximum velocity (+2.0 %). A minimum of five minutes’ rest was provided
in-between sprints to ensure recovery was maximised between trials [25]. Each trial required the
athlete to take up a standing split-stance behind a marked line, and sprint forward without any
backward movement prior to accelerating forward. Verbal encouragement was provided to
ensure a maximal effort throughout each trial.

Data collection

Resistance was applied with a robotic resistance device (dynaSpeed, Ergotest Technology AS,
Langesund, Norway). The motor was attached to a composite fiber cord that was wrapped
around a spool and was attached to the athlete by a hip harness around the pelvis. The device
consists of a line connected to a motor that can smoothly adjust pulling force per 0.1 kg. The
subject’s speed was collected with the dynySpeed device (sampling frequency = 1,000Hz) and
recorded with MuscleLab software (v10.202.93.5131, Ergotest Technology AS, Langesund,
Norway).

A 40-m long optical measurement system consisting of two parallel bars placed along the
running track containing light-emitting diodes (LED) was used to collect spatiotemporal kine-
matic data of the running at a sampling frequency of 1,000 Hz with an accuracy of 0.01 m
(Optojumo, Microgate Inc, Italy). The system detects an interruption in communication
between the transmitter and receiver bars and uses the duration of the interruption to calculate
kinematic variables such as step velocity, step length, step frequency, contact time, and flight
time. Previous study reported that calculations of step parameters during running show
high concurrent validity with force plates (mean bias = 0.4-2.7 %, intraclass correlation
coefficient = 0.96-0.99) [26].
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Monopolar EMG data was collected with a 64-channel high density surface EMG
(HD-sEMG, Sessantaquattro, Bioelettronica, Turin, Italy). Signals were amplified (256 V/V)
and then digitized at 2,000 Hz with a 16 bit A/D converter (BioLab + v1, OT Bioelectronica).
Ultrasonography (Hitachi-Aloka EUB 405 plus, Japan) was used to identify and mark the
borders of the right BFlh and ST: a linear array of 16 electrodes (10 mm inter-electrode distance;
OT Bioelectronica, Torino, Italy) was placed along each muscle, after shaving and cleaning the
skin. A muscle-specific electrode placement was then applied. For the BFlh, channels 8-9 from
the distal end were aligned with the midpoint between the ischial tuberosity and the popliteal
fossa, ensuring that the midpoint of the electrodes corresponds accurately to recommended
anatomical landmarks [27]. In the case of the ST, the array was positioned one centimeter distal
to the tendinous inscription of the muscle [28, 29]. It is important to note that this placement
focuses on the distal portion of the muscle belly, which may limit the representation of the
proximal compartment that has been shown to have distinct innervation patterns. In both cases
the electrode medio-lateral placement was the midway of the muscles’ borders determined by
ultrasonography and it was aligned parallel to the muscle longitudinal axis (Fig. 1). The arrays
were secured to the skin using double-sided adhesive pads, and 20 pl of conductive gel was
applied into each electrode cavity to ensure proper skin-electrode contact. A reference electrode
was placed over the sacrum. Synchronisation between the HD-sEMG and Optojump systems

Ischial tuberosity

Tendinous inscription F=——

Fig. 1. Linear EMG arrays were placed over the biceps femoris long head (BFlh) and semitendinosus (ST)
after defining muscle borders with ultrasonography
For the BFlh, the middle of the EMG arrays were aligned with the midpoint between the ischial tuberosity
and the popliteal fossa. For the ST, the array was positioned one centimeter distal to the tendinous
inscription of the muscle
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was ensured by tapping a force sensor (FlexiForce™ Standard Model A201) before each sprint
that was taped onto the ground between the Optpjump bars. The force signal was sampled
synchronously with the EMG signals; thereby, the event of tapping was detected by both
the Optojump and HD-sEMG systems simultaneously. The force sensor was connected to the
HD-sEMG system by a cable for the synchronisation procedure, which was then removed for
the sprint.

Data analysis

To examine the differences between resistance conditions in the spatiotemporal and HD-sEMG
variables, two different approaches were implemented: sprint phase-matched and speed-
matched. For the sprint phase-matched approach, the three fastest steps in each resistance
condition were averaged and compared between conditions. The fastest steps were defined based
on step speed calculated by Optojump Next software after ensuring that no steps in the decel-
eration phase were included in the analysis using the acceleration data extracted from the
Dynaspeed, which estimated the horizontal velocity of the body centre of mass. This method
allows for comparisons at the same phase of the sprint (i.e., maximum speed). However, in this
case the absolute speed is different between conditions due to the different resistance applied in
each condition. Therefore, for speed-matched comparisons, we also compared conditions after
selecting matched speed steps: three steps in the free sprint and three steps in the 10 %vgec
were matched to the fastest steps in the 20 %vq.. condition. For this, we selected consecutive
steps, the average of which resulted in a similar speed to the average speed of the fastest steps in
20 %Vgec- As a result, the speed in the matched condition was 6.67 + 0.59 m's ' for 0 %Vgee
6.60 + 0.43m's ' for 10 %Vgeo, and 6.64 + 0.52m's ' for 20 %Vgec.

Spatiotemporal variables such as step length, step frequency, contact time, and flight time
were extracted from the Optojump next software. The contact time was considered to begin once
at least one LED was activated and finished once the number of activated LEDs returned to 0.
The minimum threshold for flight time and contact time was set at 0.01 s. Data were imported to
Matlab (MathWorks, Natick, MA, USA) to be processed along with the EMG data.

EMG data and the trigger signal from the force sensor were imported to Matlab. First, the
EMG data was time-aligned with the Optojump data by removing all signals before the rise of
the force signal detected by the force sensor. Then, the processing of EMG signals started with a
thorough visual inspection of the monopolar and bipolar signals. During the visual inspection
EMG signals were filtered offline using a 2™¢ order zero-lag Butterworth band-pass filter
(15-350 Hz) and 50 Hz notch filter was applied. Monopolar channels of insufficient quality
were excluded from the analysis [30]. For the BFlh and ST, a total of 11 + 5 and 11.5 + 4
(median + interquartile range) channels were analysed, respectively. Bipolar EMGs were derived
from the raw monopolar signals then bipolar signals were filtered offline using a 4th order
zero-lag Butterworth band-pass filter (10-500 Hz) and subsequently rectified. A 20 Hz low-pass,
zero-phase Butterworth filter was then applied to each channel to smooth the signals for curve
analysis. Smoothed curves of all channels were averaged to estimate the overall excitation of each
muscle separately. Foot strike (FS) and toe-off (TO) events were defined based on Optojump
spatiotemporal kinematic data. Then, EMG curves for each muscle were time-normalised for
each stride (1-101 points from FS until the consecutive FS) and then averaged for each resis-
tance condition and individual. These curves were included in the statistical analysis. Regional
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differences in muscle excitation under resisted conditions were evaluated by calculating the
centroid of channels, including channels with EMG envelopes exceeding 70% of peak ampli-
tudes [31]. This analysis was performed on a small number of subjects (n = 5) who had at least
nine high-quality channels evenly distributed across the muscle. The number of segmented
channels was used to estimate the size of the activated muscle region, while the centroid was
used to identify the central location of this activated region within the muscle.

Statistical analysis

Statistical analysis on the kinematic variables was performed using IBM SPSS Statistics (IBM
SPSS Statistics for Windows, Version 30.0, IBM Corp. New York). A Shapiro-Wilk test was used
to test for normal distribution and Levene test for homogeneity of variance. Two-way ANOVA
with repeated measures was used to test for differences between resistance conditions and two
different calculation approach in the case of normal distribution (Step velocity, Step length, Step
frequency, Flight Time). A Related-Samples Friedman’s Two-Way Analysis test was performed
in the case of non-normally distributed kinematic variables (Contact Time). The significance
level was set to 0.05, and in case of a significant main effect, post hoc tests were applied with
Bonferroni corrections.

EMG curve analyses were conducted using Statistical Parametric Mapping (SPM, v0.4, www.
spmld.org) in Matlab. Two-way repeated measures ANOVAs were performed across time-
normalized running strides for each muscle. SPM{F}test statistics were calculated to test resis-
tance condition x EMG interactions for each muscle. Family-wise type I error rate was set at
0.05. In case of an interaction at any timepoint across the conditions and speeds, locations of the
differences were tested using paired-sample t-tests with Bonferroni correction (P = 0.017). In all
SPM analyses, the test statistic (SPM{F} or SPM{t}) was calculated first, and the critical threshold
(F* or ") was then defined. Whenever the test statistic trajectory crossed the critical threshold
(forming so-called suprathreshold clusters) the difference was considered statistically significant.
Finally, P values were calculated for each suprathreshold cluster. SPM technical details are
described elsewhere [32, 33].

RESULTS

Spatiotemporal kinematics

The averaged step velocity at maximal speed under 0, 10 and 20 %v,,, resistance conditions were
8.03 + 0.51, 7.30 + 0.46 and 6.73 + 0.45 m's~ ", respectively. In the case of the matched speed the
average step velocity was 6.78 + 0.48, 6.67 + 0.37 and 6.73 + 0.45 m's™ ', respectively. Significant
condition x speed interaction effect was found (Fig. 2). At maximal speed, step velocity was
significantly higher (P < 0.001) at 0 %vg.. condition compared to 20 %vg.. condition (4+16%
Clos o [11.6 %, 20.7 %]). However, no significant differences were found between conditions at
matched speed (F [2, 27] = 5.149, P = 0.863, n2 = 0.011). Step velocity was significantly higher
at maximal speed compared to matched speed in both the 0 %vg.. (¢ = 10.526, P < 0.001,
d = 0.374) and 10 %vg.. (t = 7.086, P < 0.001, d = 0.281) conditions (16 % Clos o, [12.2 %,
18.9 %] and 9 % Clgs o, [5.9 %, 11.4 %], respectively).
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In the case of step frequency, we found significant main effect of resistance condition only
(Fig. 2). Post-hoc comparison showed higher (P = 0.002) step frequency at the 0 %v4.. compare
to 20 %vge. condition at maximal speed (4+5 % Clos o, [2.0 %, 7.3 %]). Step frequency was
not significantly different between the maximal and matched speed at any given conditions
(F [1, 9] = 0.001, P = 0.971, 52 = 0.000).

For step length, significant effects were found in the case of the resistance, speed, and
resistance x speed interaction. Post-hoc comparison showed at maximal speed, step length
was significantly longer (P < 0.001) at 0 %vge. condition compared to 20 %vg.. condition
(+12 % Clyse, [8.4 %, 14.8 %]). No significant differences were found between conditions at
matched speed (F [2, 27] = 0.856, P = 0.436, n2 = 0.600). Step length was significantly longer at
maximal speed compared to matched speed both 0 %vg.. (t = 8.527, P < 0.001, d = 10.458)
and 10 %vge. (t = 9.325, P < 0.001, d = 5.482) conditions (15 % Close, [11.1 %, 19.0 %] and
9 % Close, [7.0 %, 11.4 %] respectively).

In the case of flight time no significant differences were found between conditions neither
at maximum speed (F [2, 27] = 1.683, P = 0.205, #2 = 0.111), nor at matched speed
(F [2, 27] = 0.101, P = 0.904, n2 = 0.007). Flight time was significantly longer at maximal
speed compared to matched speed, for both 0%vg4.. (t = 3.744, P = 0.005, d = 0.011) and
10%Vge (t = 3.774, P = 0.004, d = 0.006) conditions (13 % Clgse, [4.8 %, 20.2 %] and 8 % Clgse,
[3.0 %, 12.1 %] respectively).

The related-Samples Friedman’s Two-Way Analysis test revealed significant shorter contact time
at maximal speed at 0 %v4.. compare to 20 %vg4. condition (—18 % Clgse, [—3.9 %, —21.2 %)).
No significant differences were found between conditions at matched speed. TContact was not
significantly different between the maximal and matched speed at any given conditions (Fig. 2).

EMG results

Figure 3 presents the EMG activity at different resistance conditions. Differences were found in ST
EMG activity for a short period during maximal speed steps between 0 %vge. and 20 %vgec
at stance phase (10.22-18.02% P = 0.001) and between 0 %vg4e. and 10 %vg4.. at swing phase
(68.50-71.00% P = 0.004). ST EMG activity showed differences in EMG activity during matched
speed between 0 %V4ec and 10 %vye. in the swing phase (70.50-75.70% P = 0.001). There was no
difference in the BF or ST activity between the maximum and matched speed conditions.

Centroid results

Figure 4A represents a single participant's EMG envelopes from the ST muscle. The location of the
greatest EMGs within the ST and BF between resistance conditions are presented on (Fig. 4B).
During the stance and the swing phase of running, individual variations were present, with the
EMG amplitude centroid shifting by approximately 2-5 cm in either proximal or distal directions.

DISCUSSION

This study aimed to investigate the effects of horizontal resistance on sprint mechanics and
electromyographic (EMQG) activity in the hamstrings, particularly in the biceps femoris long
head (BFlh) and semitendinosus (ST), during maximal sprint acceleration. Our results revealed
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minimal differences in spatiotemporal and EMG variables between resistance conditions when
compared at matched running velocities, supporting the hypothesis that resistance does not
substantially alter sprint mechanics at equivalent speeds. Although moderate spatiotemporal
differences were observed at maximal running speed, these were not accompanied by notable
alterations in BFlh and ST EMG activity. Regarding sprint kinematics, our findings at maximal
velocity running align with Osterwald et al. [22], who found decreased step lengths with heavier
loads. Additionally, in the previous study, this was accompanied with an increased trunk lean,
potentially limiting athletes’ ability to transition into optimal sprinting posture during maximal
velocity phases. Similarly, van den Tillaar et al. [34] observed decreased step length, increased
contact time, and minimal change in step frequency with incremental resistance, particularly
within the acceleration phases (first 10-20 m) of resisted sprinting. However, our results demon-
strated minor alterations in sprint kinematics when velocity was matched across different
resisted conditions, reinforcing previous findings that external resistance does not impact sprint
mechanics substantially at matched running speeds [23]. Collectively, these observations empha-
size that the critical determinant of kinetic and kinematic variables during sprint acceleration is
the running velocity itself, rather than the imposed horizontal resistance.

We found relatively consistent EMG activity across resistance levels from light to medium. It
has been shown that relatively heavier resistance produces significant changes in muscle exci-
tation when compared at the maximum speed of each condition [17, 35]. For example, Macchi
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Fig. 4. (A) Spatio-temporal representation of EMG envelopes from the ST muscle (1-15 channels, distal to
proximal respectively), for a single participant and for the 0 %vdec (left) 10 %vdec (middle) and 20 %vdec
(right) resistance condition at maximal speed steps. Crossed circles denote the centroids computed for
stance phase and swing phase of the stride cycle. Mean value of the toe-off represented by dashed vertical
lines, (B) Individual-level centroid results for the different resistance conditions and two muscles in stance
and swing phase
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et al. [17] used 25 and 75 % of body weight (%BW) resistance and reported decreased EMG
activity in the BFlh, ST and SM muscles during the maximal speed phase with increasing
resistance. Conversely, van den Tillaar [35] found activity changes in ST only for female
sprinters at 30 and 40 % BW resistance. We measured at relative moderate 10 %vge. (~5.9 +
0.7 %BW) and 20 %Vge. (~11.8 + 0.9 %BW) resistance due to their documented effect on the
speed at maximal velocity phase in different athletic populations [36, 37]. The incremental
resistance used here (up to 20 % decrement in velocity) had no substantial effect on the
EMG activity of BFlh and ST in a trained male population when compared at the same sprint
phase between conditions. Future research should investigate dose-response relationships
between resistance magnitude and hamstring activation to determine the threshold at which
significant acute neuromuscular adaptations occur in the hamstrings.

The centroid analysis revealed individual tendencies for regional shifts in both BFlh and ST
when different resistances were applied. These shifts were observed at matched as well as at
maximum running speeds. This suggests that changes in the intramuscular distribution of EMG
activity appears independent of running speed. Cerone et al. [24] demonstrated that increasing
running speed elicits a shift in EMG activity toward the proximal region of the BFlh muscle
when increasing running speed from 70 to 100% of the maximum running speed. Based on a
small number of subjects in our study, we also observed a proximal shift toward the proximal
origin of the BFlh with increasing resistance both at stance and swing phase. The observed
effects in ST were less consistent across individuals, although our sample size was very limited.
Because these activity shifts persist across resistance conditions in the matched speed conditions,
it seems that underlying individual activation strategies related to the resistance. This theory is
reinforced by Macchi et al. [17], who observed high inter-individual variability in the EMG
activity change during the swing phase of maximal velocity resisted sprint running. Further-
more, their analysis confirmed that alterations in hamstring EMG activity were predominantly
present around their peak activation periods, i.e., in the first half of stance and the late swing
phase. While strong conclusions cannot be drawn, this suggests that future studies should
investigate the distribution of EMG activity at an individual level instead of relying on group
level analyses. Additionally, the heterogeneity in the EMG amplitudes within the muscle re-
inforces previous suggestions to use high-density EMG to accurately describe the excitation of
hamstring muscles in sprinting [14]. It is worth noting that during dynamic movements, shifts
between the muscle and the surface electrodes can affect the accuracy of high density EMG
recordings [30]. Therefore, regional differences in activation, especially under non-isometric
conditions, should be interpreted with caution due to inherent limitations of surface EMG
[38, 39].

Several limitations warrant consideration. First, our study had a limited sample size (n = 10),
which reduces statistical power and limits generalizability. In addition, the regional EMG
(centroid) analysis was conducted in a limited subset of participants (n = 5) who met strict
signal-quality criteria required for high-density EMG recordings during maximal sprinting. As a
result, these centroid findings should be interpreted as exploratory and descriptive, and no
group-level inferences can be drawn. Second, a fundamental limitation of surface EMG is the
potential contamination of signals by neighbouring muscles’ excitation (i.e., cross-talk). Given
we analysed single-differential EMGs collected by 1 cm spaced electrodes [38] positioned
centrally within the target muscles, we believe that cross-talk from neighbour muscles to be
negligible. However, it is important to acknowledge that our electrode placement strategy for the
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semitendinosus (ST) muscle focused primarily on its distal compartment, with the array posi-
tioned 1 cm distal to the tendinous inscription. While this methodological choice aimed to
minimize interference from different innervation sites and enhance the clarity of localized
findings, it necessarily limits our representation of the proximal compartment. Third, EMG
amplitudes may not reflect the neural input to the muscle, although intramuscular differences
have also been observed at the level of the motor units [39]. Fourth, the present study did not
include analyses specifically designed to examine the effects of horizontal resistance on the
segmental and joint kinetics and kinematics, which should be addressed in future studies to
comprehensively understand the link between the neuromuscular and mechanical characteris-
tics of resisted sprints. Finally, participants had no prior experience with the resisted sprint
modality employed in this study, which may have influenced sprint mechanics and neuromus-
cular activation patterns. However, two dedicated familiarization sessions were implemented
before testing to minimize learning effects, although residual influences of task novelty cannot
be fully excluded. Additionally, the participants in this study were limited to well-trained male
amateur football players and it remains possible that the effects of horizontal resistance may vary
according to sex, age, running technique, or physical fitness level. These factors should be
explored in future investigations.

In conclusion, our findings suggest that light-to-moderate horizontal resistance does not
affect sprint spatiotemporal kinematics at matched speeds and does not alter hamstring EMG
amplitudes. These insights contribute to a growing body of literature emphasizing the nuanced
acute effect of resisted sprinting on sprint kinematics and muscle function. Future studies should
examine higher resistance ranges (>50% velocity decrement) and include larger, longitudinal
samples to determine dose-response effects and individual variability in intramuscular EMG
responses.
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