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ORIGINAL INVESTIGATION

Impact of Sled Loads on Performance and Kinematics
of Elite Sprinters and Rugby Players

Fernando Pareja-Blanco, Lucas A. Pereira, Valter P. Reis, Victor Fernandes, Ademir F.S. Arruda,
Aristide Guerriero, Pedro E. Alcaraz, Tomas T. Freitas, and Irineu Loturco

Purpose: To examine the changes in resisted sprint performance and kinematics provoked by different sled loads in elite sprinters
and rugby players. Methods: Eight elite male sprinters and 10 rugby union players performed 20-m sprints under 3 loading
conditions (0%, 20%, and 60% body mass [BM]). Sprint time was measured in 0 to 5, 5 to 10, and 10 to 20 m, while stride length
and hip, knee, and ankle angles were measured using an 8-sensor motion analysis system at the same distances. Results: Sprinters
were significantly faster than rugby players in unresisted and resisted sprints using 20% BM (effect size, “ES” [90% confidence
limit, CL] range: 0.65 [0.03 to 1.27]; 3.95 [3.10 to 4.81]), but these differences were not significant at 60% BM. Compared
to rugby players, sprinters showed lower velocity decrement in resisted sprints using 20% BM (ES [90% CL] range: 0.75 [0.06 to
1.447; 2.43 [0.83 to 4.02], but higher velocity decrement using 60% BM (ES [90% CL] range: 1.13 [0.43 to 1.82]; 1.46 [0.81 to
2.11]). No significant differences were detected in stride length between sprinters and rugby players for any sprint condition (ES
[90% CL] range: 0.02 [-0.72 to 0.76]; 0.84 [0.13 to 1.54]). Rugby players showed higher hip flexion in resisted sprints (ES [90%
CL] range: 0.30 [-0.54 to 1.14]; 1.17 [0.20 to 2.15]) and lower plantar flexion in both unresisted and resisted sprints (ES [90%
CL] range: 0.78 [0.18 to 1.38]; 1.69 [1.00 to 2.38] than sprinters. Conclusions: The alterations induced by resisted sprints in
sprint velocity and running technique differed between sprinters and rugby players. Some caution should be taken with general
sled loads prescriptions, especially when relative loads are based on distinct percentages of BM, as training responses vary among

sports and individuals.

Keywords: sprint training, acceleration, maximum speed, sled towing, track and field, team sports

Resisted sprint methods allow athletes to reproduce the un-
resisted sprinting technique with the advantage of providing specific
mechanical overload.! One of the most popular resisted sprint
methods is resisted sled training (RST), which involves maximum
sprint efforts while towing a sled device.>? A meta-analysis showed
that RST may induce substantial improvements in sprint perfor-
mance, mainly during the maximum acceleration phase (ie, <10 m),
with trivial effects in the maximum velocity phase (ie, 220 m).?

However, sled loading strategies vary greatly between studies.
Light loads (ie, 10%—12.5% of body mass [BM]) are commonly
recommended, since they bear close resemblance to the “tradi-
tional” sprinting technique.*® In this regard, some studies sug-
gested that running velocity should not fall below 90% of the
athlete’s maximum velocity, especially when seeking improve-
ments in the high-velocity end of the force—velocity continuum
(ie, top-speed phase).”® Conversely, it has recently been suggested
that heavier loads (from 40% to 80% BM) should be used to
promote greater improvements at the opposite end of this contin-
uum (ie, high-force/low-velocity portion).’~!2 Training under these
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loading conditions results in higher velocity decrements and
increased contact times,'3'* which may potentially induce negative
effects on maximum velocity.® Nevertheless, these loading con-
ditions also allow athletes to increase horizontal force production,
which is key for sprint acceleration.!>

From a kinematic standpoint, heavier sled loads cause greater
alterations in sprint technique (eg, decrease in step length, flight
time, and running velocity; higher trunk lean and hip flexion) than
lighter loads.”-'%-13.16.17 However, the great interindividual variabil-
ity in sprint velocity decrements induced by each percentage of BM
(interindividual coefficient of variations from 10% to 30%) should
be highlighted.'® Accordingly, it has been shown that differences in
speed, strength, and power abilities may explain the individual
responses during sled towing, since faster, stronger, and more
powerful athletes require heavier sled loads (relative to % BM) to
experience similar decrements in sprint velocity.!® Thus, it is likely
that a given percentage of BM could provide heterogeneous
training stimuli for different types of athletes. To date, no study
has analyzed the alterations in resisted sprint performance pro-
voked by various load ranges in athletes with distinct character-
istics and training backgrounds.

Knowledge of the particular requirements and characteristics
of each sport will assist practitioners in properly designing effective
training programs. For example, although rugby players are stron-
ger in absolute terms, sprinters exhibit higher relative strength
levels.!®20 In addition, whereas rugby players rely heavily on high
levels of dynamic and isometric strength to effectively execute their
game tasks,?!?2 sprinters need to be able to apply large amounts of
force at higher velocities.!”?> Nonetheless, despite the clear dif-
ference in the level of importance, speed ability is paramount for
performance in both sport disciplines.?*2> Therefore, there is a
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strong case for coaches implementing RST to enhance the com-
petitive performance of these athletes. The current understanding
of RST prescription is based on general data (eg, sled loads
prescribed according to %BM).>-16 Whether this criterion is equally
applicable to athletes with different physical characteristics and
needs such as rugby players and sprinters is still unclear. As
running technique varies with sprint distances'>-!¢ and the rele-
vance of acceleration and maximal velocity phases also differs
between rugby players and sprinters,?® comparisons between un-
resisted and resisted conditions across sprint distances are required.
This information could help coaches to select more appropriate sled
loads for different types of athletes. The purpose of this study was
to compare the changes in resisted sprint performance and kine-
matics provoked by different sled loads in sprinters and rugby
players.

Methods

Participants

Eight elite male sprinters (23.3 [2.6] y; 75.2 [7.6] kg; 1.78 [0.06] m)
and 10 professional male rugby union players (21.3 [3.3] y; 89.7
[18.8] kg; 1.79 [0.05] m) participated in this study. The sample
comprised 1 sprinter who participated in the last Olympic Games
(Rio 2016) and the other subjects had recently been involved in Pan
American and South American competitions. Rugby players were
members of the Brazilian National Development Team, belonging
to a national project named “TOP-100” and organized by the
Brazilian Rugby Confederation. At the time of the study, all
athletes had at least 5 years of experience in sport-specific-related
activities and/or structured strength and conditioning programs.
The typical training schedules of both groups of athletes are
presented in Table 1. Prior to participation in the study, athletes
were informed of the experimental procedures and signed an
informed consent. The study was conducted according to the
Declaration of Helsinki and approved by the Anhanguera Univer-
sity Ethics Committee (4.478.689).

Study Design

This cross-sectional study compared the differences in resisted
sprint performance and kinematics between sprinters and rugby
players. Some of the data reported in the present study (related to
rugby players) have already been presented in a previous study
(Pareja-Blanco et al'®) but the data analysis and results reported
herein are original. Unresisted 20- and 20-m resisted sprint tests
with loads corresponding to 20% and 60% BM were performed.
Sprint distances and resisted sprint loads were defined in accor-
dance with the coaching staff of both sports and were based on their
regular training practices. Stride length (SL) and hip, knee, and
ankle angles were measured during all sprints. Both sprinters and
rugby players were assessed during the second half of the compet-
itive period. All athletes were highly familiarized with RST.

Procedures

Sprinting Speed. Four pairs of photocells (Smartspeed, Fusion
Sport, Australia) were set at a height of 110 cm and positioned at
the starting line and at distances of 5, 10, and 20 m along the
sprinting course. Athletes sprinted 6 times (2 under each condition:
0%, 20%, and 60% BM in randomized order) starting from a
standing position 0.5 m behind the starting line. Sprint velocity
(VEL) was calculated as the time interval to cover the measured

distance. Velocity decrement (Vdec) was calculated as the decre-
ment in mean sprint velocity induced by each sled load relative to
the unresisted condition. A 5-minute rest interval was imposed
between attempts and the fastest time for each condition was
retained. A custom-made sled with a 3.5-m-long strap was attached
to the athletes’ chest. To avoid weather influences, resisted and
unresisted sprint measurements were performed on indoor running
tracks. However, to increase the ecological validity, sprinters
performed the tests on a synthetic rubber surface composed of
polyurethane, whereas rugby players sprinted on an artificial turf
surface composed of polyethylene and 100-pum-thick monofila-
ment fibers. Athletes executed the sprints wearing their own spikes
or cleats. Prior to data collection, athletes completed a standardized
warm-up protocol including general (ie, running at moderate pace
for 10 min followed by dynamic stretching for 3 min) and specific
exercises (ie, submaximal sprint efforts).

Sprint Kinematics. Lower body kinematic parameters were as-
sessed during sprints with a capture and motion analysis system
(Noraxon myoMotion, Scottsdale, AZ). Eight inertial sensors were
placed according to the manufacturer’s guidelines on the athletes’
feet (strapped to the top of the shoe, below the ankle), shanks
(frontal attachment on the tibia bone), thighs (frontal placement on
the quadriceps, on the area of lowest muscle belly displacement in
relation to the underlying bone), pelvis (bony area of the sacrum),
and lower thorax (on the spinal cord at approximately L1/T12).
Prior to each sprint, the system was calibrated with the athlete in
the upright position to determine the 0° angle for each segment
analyzed and allow the creation of a 3D biomechanical model,
generated using Noraxon MR3.10 software (Scottsdale, AZ).
Instantaneous changes in body segments were recorded with the
software at 200 Hz. Kinematic variables were assessed in the hip,
knee, and ankle joints (ie, 0° means full hip/knee extension, and
neutral ankle position). The initiation and completion of each sprint
were determined by video analysis through visual inspection,
synchronized with the biomechanical model in MR3.10 software
and with the photocells. Raw data were extracted to a customized
spreadsheet to determine the mean angles. The mean SL was
automatically calculated by the MR3.10 software. All kinematic
parameters were calculated for the following sprint distances:
0to 5,5 to 10, and 10 to 20 m.

Statistical Analyses

Data are presented as mean (SD). Absolute and relative reliability
were tested for all variables through the coefficient of variation and
intraclass correlation coefficient using the 1-way random-effects
model. Normality of data was tested using the Shapiro—Wilk test.
Some variables of joint kinematics obtained during unresisted and
resisted sprints did not present normal distribution. A 3 x 2 factorial
analysis of variance with Tukey post hoc comparisons using
one between-group factor (sprinters vs rugby players) and one
within-group factor (0% vs 20% vs 60% BM) was performed.
For variables that did not follow a normal distribution, the non-
parametric Friedman test and Mann—Whitney U test for pairwise
comparisons were performed. Statistical significance was set as
P <.05. The magnitudes of between-group differences were ex-
pressed as standardized mean differences (effect size; ES) using
Hedge g on the pooled SD?7 along with 90% confidence limits
(CLs). The magnitudes of ES were interpreted using the following
thresholds: <0.2, 0.2 to 0.6, 0.6 to 1.2, 1.2 to 2.0, 2.0 to 4.0, and
>4.0 for trivial, small, moderate, large, very large, and near perfect,
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respectively.?® All statistical analyses were performed using SPSS
software (version 20.0; SPSS Inc, Chicago, IL). Figures were
designed using SigmaPlot (version 12.0; Systat Software Inc,
San Jose, CA).

Results

Differences in nonnormally distributed data are presented using
distinct symbols. Unresisted and resisted sprint VEL and SL
presented intraclass correlation coefficient >.90, while joint kine-
matics presented intraclass correlation coefficient >.70. The coef-
ficient of variations values for all variables tested were <10%.

Table 2 depicts the comparisons of unresisted and resisted
sprint performances and Vdec in resisted sprints over the different
distances between sprinters and rugby players. Figure 1 shows
individual data of unresisted and resisted conditions for both
athletic populations. Significant group X load interactions were
observed in sprint velocities and Vdec for all distances (P <.05).
Sprinters were significantly faster than rugby players in unresisted
and resisted sprints using 20% BM in all distances (ES [90% CL]
ranging from 0.65 [0.03 to 1.27] to 3.95 [3.10 to 4.81];
P <.001-.05). For the resisted sprints with 60% BM, in the
0- to 5-m distance, sprinters were significantly slower than rugby
players (ES [90% CL] =1.04 [0.31 to 1.77]; P <.05), while in 5- to
10- and 10- to 20-m distances, no significant differences were
observed between groups (ES [90% CL]=0.27 [-0.38 to 0.92] and
0.28 [-0.41 to 0.96], respectively; P >.05). Moreover, sprinters
demonstrated lower Vdec than rugby players in resisted sprints
using 20% BM (ES [90% CL]=0.75 [0.06 to 1.44], 2.43 [0.83 to
4.02], and 1.95 [1.09 to 2.79], for O to 5, 5 to 10, and 10 to 20 m,
respectively; P <.001-.05). In contrast, sprinters demonstrated
higher Vdec than rugby players in resisted sprints using 60%
BM (ES [90% CL]=1.46 [0.81 to 2.11], 1.42 [0.69 to 2.16],
1.13[0.43 to 1.82], for 0 to 5, 5 to 10, and 10 to 20 m, respectively;
P <.05). Both groups presented significant decreases in sprint
velocities as sled load increased (P<.001; ES >1.20 for all
comparisons).

Figure 2 shows individual SL data in unresisted and resisted
conditions at different distances for sprinters and rugby players. No
group X load interaction was observed in the SL and SL decrease
for any distance (P > .05; Table 2). No significant differences were
observed in the SL in unresisted and resisted sprints in any distance
when comparing sprinters and rugby players (ES [90% CL]
ranging from 0.02 [-0.72 to 0.76] to 0.84 [0.13 to 1.54];
P> .05). No significant between-group differences were observed
in SL decreases using both 20% and 60% BM loads for the 0- to
5-m split distance (ES [90% CL]=0.51 [0.15 to 1.16] and 0.43
[-0.17 to 1.04], respectively; P>.05). A significantly lower
decrease in SL was observed in sprinters than in rugby players
at both 20% and 60% BM loads for 5- to 10- and 10- to 20-m split
distances (ES [90% CL]=0.69 [0.07 to 1.32] and 2.22 [1.57 to
2.87] for 5 to 10 m, and 2.14 [1.52 to 2.76] and 1.67 [1.06 to 2.28]
for 10 to 20 m, with 20% and 60% BM, respectively; P < .001-.05).
Both groups presented significant decreases in the SL as sled load
increased for all distances (P <.001-.05; ES > 1.20 for all compar-
isons), with the exception of the 10- to 20-m distance where
sprinters did not show significant differences between unresisted
and 20% BM in SL (P >.05; ES [90% CL]=0.48 [0.08 to 0.89]).

Table 3 shows the comparisons of the hip, knee, and ankle
kinematics in unresisted and resisted sprints over different dis-
tances between sprinters and rugby players. Significant group X
load interactions were observed for hip kinematics in the 10- to

20-m distance and for ankle kinematics in the 0- to 5-m distance
(P <.05). No significant group X load interactions were observed
for the other variables. Significant differences in hip kinematics
between sprinters and rugby players were observed in the unre-
sisted sprint in the 10- to 20-m distance (ES [90% CL]=1.12 [0.28
to 1.96]; P <.05) and in the resisted sprint with 60% BM in the 0- to
5-m distance (ES [90% CL]=1.17 [0.20 to 2.15]; P<.05). No
significant between-group differences were observed for knee
kinematics in any condition (ES [90% CL] ranging from 0.20
[-0.27 to 1.11] to 0.98 [0.18 to 1.78]; P > .05). Sprinters and rugby
players demonstrated significantly different ankle kinematics in all
unresisted and resisted sprints (ES [90% CL] ranging from 0.78
[0.18 to 1.38] to 1.69 [1.04 to 2.33]; P <.05). Moreover, rugby
players demonstrated higher changes in hip and ankle kinematics
compared to sprinters in all resisted sprints over all distances (ES
[90% CL] ranging from 1.02 [0.15 to 1.89] to 1.82 [0.58 to 3.07]
for hip kinematics; and ranging from 0.93 [-0.52 to 2.37] to 2.68
[0.87 to 4.49] for ankle kinematics; P <.05). Finally, no significant
between-group differences were observed in knee kinematic
changes in all resisted sprint conditions (ES [90% CL] ranging
from 0.02 [-0.62 to 0.66] to 0.59 [-0.10 to 1.29]; P> .05).

Discussion

This study provides new knowledge about the acute performance
and kinematic responses to similar loading conditions of athletes
from 2 different sports during resisted sprint efforts. Overall, as
expected, sprinters were faster than rugby players under unresisted
and light loading (ie, 20% BM) conditions; nonetheless, these
differences were not observed with heavier sled loads (ie, 60%
BM). Furthermore, sprinters experienced lower Vdec than rugby
players at 20% BM, whereas rugby players demonstrated lesser
impairments in sprint velocity at 60% BM. Running technique was
differently altered by distinct loads in sprinters and rugby players
during resisted sprints, although no differences in SL were
observed between groups. Thus, some caution should be taken
when prescribing similar sled loads for different athletic popula-
tions. It should be highlighted that the different surfaces and shoes
employed for each athletic group may have influenced our results.
However, these parameters are sport-specific, and, therefore,
should be considered as an unavoidable limitation, as these athletes
usually train and compete under these “real scenarios.”

Our findings suggest particular responses to different loads by
each population, as sprinters achieved faster velocities under
unresisted and light loading conditions (ie, 20% BM), along
with lower Vdec with this load, whereas rugby players showed
faster sprint velocities over the early acceleration phase (ie, 0-5 m)
and lesser magnitudes of Vdec with heavier sled loads (ie, 60%
BM). Indeed, it can be expected that stronger athletes are able to
apply higher levels of force onto the ground, which is critical for
acceleration capacity.?>-3! Moreover, it was previously reported
that the magnitude of Vdec related to resisted sprints is negatively
associated with CMIJ height (r=-.73), and CMJ and SJ relative
peak power (r =—.80) in male sprinters with sled loads of 8%, 13%,
and 18% of BM.3? In this regard, rugby players showed higher
values of absolute strength (especially with heavy loads), while
sprinters attained greater relative strength values.?? Additionally,
other mechanisms rather than only relative strength—power values
can also explain resisted sprint performance. The principle of
specificity may partially explain these differences, since kinetic
and kinematic characteristics of heavy-sled loads are much more
similar to the demands that occur during rugby-match activities
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Figure 1 — (A) Individual data of unresisted and resisted sprint
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differences between sprinters and rugby players; +P <.05, significant
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(compared to those which sprinters cope with).?>2¢ Finally, it
should be noted that sprinters regularly use sled loads of approxi-
mately 15% BM during training routines, whereas rugby players
frequently undertake resisted sprint training using pull and push
efforts with 30% to 50% and 80% to 150% BM, respectively
(Table 1). However, as previously mentioned, the fact that both
groups completed the assessments on their specific training sur-
faces implies that the coefficient of friction will be different. Hence,
the relationships between load and Vdec will probably differ
between both surfaces, irrespective of the athletes’ background,
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Figure 2 — Individual data of stride length in unresisted and resisted
sprints over the different distances tested for sprinters and rugby players.
Data are presented as mean (SD). BM indicates body mass. +P <.05,
significant differences in relation to unresisted condition in both groups (at
10- to 20-m distance only rugby players demonstrated difference between
20% and unresisted); $P < .03, significant differences in relation to 20%
BM in both groups.

and/or performance level. Even so, these findings highlight that the
prescription of sled loads based solely on respective percentages of
BM may fail to provide a uniform and consistent overload among
athletes. Thus, sled load prescription should consider athletes’
characteristics and needs, sport-specific demands, and training
environment.

Higher running velocities are achieved via greater horizontal
force application, shorter ground contact times, and greater
SL.15:3334 Therefore, since no significant differences were ob-
served in SL between sprinters and rugby players, the faster
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Table 3 Comparison of the Hip, Knee, and Ankle Kinematics in Both Unresisted and Resisted Sprints
and Changes in Joint Kinematics in Resisted Sprints Over Different Distances Between Sprinters
and Rugby Players

0-5m 5-10 m 10-20 m
Sprinters Rugby Sprinters Rugby Sprinters Rugby
Absolute values
Hip, deg
Unresisted 37.7 4.2) 37.5 (6.8) 33.7 4.1) 29.3 (6.2) 30.0 (3.6) 25.5 (4.6)*
20% BM 38.3 (6.1) 43.7 (8.0) 34.6 (5.8) 37.4 (1.7)+ 32.1 (5.8) 34.0 (7.5)+
60% BM 40.5 (5.0) 47.1 8. DH#.& 38.2 (6.5) 43.6 (8.9)+,% 35.1 (7.0) 40.7 (8.0)+,$,0
Knee, deg
Unresisted 65.3 (4.9) 69.7 (4.4) 67.1 (5.2) 69.9 4.5) 68.1 (5.0) 70.4 4.1)
20% BM 66.8 (2.6) 68.6 (5.1) 66.8 (3.9) 68.9 (4.8) 68.2 (4.2) 69.1 (4.5)
60% BM 61.6 (18.0) 68.4 (4.9) 64.4 (3.7) 67.5 (5.7) 62.0 (4.3) 66.7 (5.0)
Ankle, deg
Unresisted -10.5 (5.5) —0.8 (3.5)* -17.3 (9.3) =73 @4.1)# -26.7 (11.2) —11.2 (7.0)#
20% BM -9.7 (1.5 2.1 3.8)*+ —-16.6 (10.1) -3.8 4.1)# -21.4 (12.3) —4.8 (5.8)#
60% BM -8.4 (5.9)% 2.8 (4.9)*,+,%$,0 -14.0 (7.1) —-0.6 (4.0)* -19.9 (14.1) 2.1 42)#,&
Percentage changes in
relation to unresisted
Hip, %
20% BM 1.9 (13.9) 17.7 (19.0)* 3.0 (16.2) 31.8 (38.2)* 7.6 (19.3) 35.2 (27.2)*
60% BM 8.1 (14.3) 27.1 (21.6)* 13.9 (19.6) 54.1 (43.8)* 17.4 (22.0) 62.4 (33.0)*
Knee, %
20% BM 2.7 (7.6) -1.6 (3.2) —-0.1 (6.1) -14 (3.2) 0.5 (7.0) -1.8 (2.6)
60% BM -6.0 (26.4) -1.9 3.7) -3.6 (6.2) -3.5 (3.8) -8.8 (5.3) -5.3 (4.4)
Ankle, %
20% BM 23.3 (50.3) 115.3 (105.2)* 4.1 (19.2) 61.9 (56.2)* 20.4 (19.8) 49.2 (38.7)*
60% BM -3.2 (90.7) 134.5 (101.5)* 13.1 (51.1) 66.4 (117.4)# 17.5 (39.3) 65.1 (46.5)*

Abbreviation: BM, body mass. Note: 0° indicates full hip and knee extension. For ankle joint, 0° means neutral ankle position, while negative values indicate plantar flexion
and positive values indicate dorsiflexion.

Significant group X load interaction: @P <.05. Statistically significant differences with sprinters: *P <.05 (parametric analysis) and #P <.05 (nonparametric analysis).
Statistically significant differences with unresisted condition: +P < .05 (parametric analysis) and &P < .05 (nonparametric analysis). Statistically significant differences with

20% BM condition: $P <.05 (parametric analysis).

velocities attained by sprinters under unresisted conditions were
due to higher step rates at reduced contact times,> which is in line
with previous research comparing elite and nonelite sprinters.3>-37
However, at increased loads, step rate tends to decrease®-3® and
contact time tends to increase,'33% as athletes have to produce a
greater horizontal force to overcome the inertia of heavier sled
loads.'* Therefore, the differences in step rate are possibly reduced
under heavy loading conditions, which may explain the lack of
differences in sprint velocities between sprinters and rugby players
at these loads (eg, 60% BM).

Over the first meters in unresisted sprints, athletes adopt a
forward-leaning position by lowering their center of mass, thus
enhancing their capacity to apply force in the horizontal direction,
which is specific to sprint acceleration.!:” Conversely, in longer
distances (10-20 m), a straighter body position is adopted, which is
more related to top-speed phases, as this body position may
generate a longer path to accelerate their foot down and backward
prior to touchdown, thus contributing to an increased and earlier
vertical force production during ground contact.33-343° Rugby
players showed a more forward-leaning posture at heavier sled
loads, which is in agreement with the literature”-!74%; nonetheless,
sprinters maintained their hip kinematics under different loading

conditions (Table 3). Since heavy-sled loads require high levels of
horizontal force to overcome the extra load,'3-'4 the increased
forward-leaning position adopted by rugby players may also
explain their superior performance at 60% BM. With respect to
ankle angles, it should be clarified that the high interindividual
variability observed in the percentage change is likely due to a
mathematical question, since absolute values of ankle angles are
very close to the neutral position (ie, 0°; Table 3). As aresult, larger
relative changes occur when you are dealing with absolute changes
for smaller values; hence, huge interindividual differences are
expected. In this context, sprinters showed higher plantar flexion
in all conditions when compared to rugby players. Furthermore,
rugby players exhibited lower plantar flexion with increased loads,
which seems to be a strategy to prolong the contact time, helping
athletes to enhance force application to overcome the overload.
Bentley et al'3 also observed an increased range of movement in the
ankle joint during resisted sprint training (sled loads up to 25%
BM) in rugby players, attributed to increased dorsiflexion at foot
strike and increased plantar flexion at toe-off. This is likely due to
the extra time spent during the amortization phase of the stretching-
shortening cycle.*! It is worth mentioning that when rapid force
application is a priority, longer contact times may become
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counterproductive.*® As mentioned above, faster athletes display
increased stride frequency due to reduced contact time (compared
to slower athletes).3>-37 The higher plantar flexion values presented
by sprinters could imply higher ankle joint stiffness, which, among
other factors, allows them to apply substantial amounts of force
at higher velocities while sprinting. Indeed, rugby players have
shown a decrease in vertical stiffness with increased sled loads.!” It
should be noted that lower leg stiffness has been linked to poor
ability to store and restitute elastic energy, which may negatively
affect sprint performance.*>*3

The fact that sprinters and rugby players completed the
measurements under different testing settings (ie, synthetic rubber
track or artificial turf surface) could have potentially influenced
our outcomes. However, this is a natural limitation, as these elite
athletes train and compete under these sport-specific conditions.
Therefore, the research would lack ecological validity if sprinters
were required, for example, to sprint on a grass surface wearing
cleats or rugby players on a synthetic rubber track wearing spikes.>°
The main purpose of this study was not to state whether rugby
players or sprinters perform better under different resisted sprint
conditions (in this case, the environment settings need to be
equalized), but rather, to report what actually happens when similar
sled loads are used by sprinters or rugby players within their
competitive environments.

This study is limited by its cross-sectional design, which does
not allow for causal inferences about training effects. Thus,
although we observed differences related to acute loading re-
sponses, we cannot determine whether these athletes would
respond differently to similar sled loads during RST programs.
In addition, resisted sprint running was evaluated over a short-
distance (ie, 20 m), precluding comparisons and inferences con-
cerning overall sprint performance. However, this is the first
investigation to simultaneously analyze the influence of different
overloads on the resisted sprint performance of sprinters and rugby
players. Further research is required to examine and compare the
outcomes of training studies applying similar sled loads to elite
sprinters and rugby players within their sport-specific environ-
ments, as well as to investigate these effects in other sport
disciplines.

Practical Applications

This study provides valuable insights for practitioners and re-
searchers for a better understanding of sled load selection and
resisted sprint training prescription. Here, we present further evi-
dence that sled loads prescribed based solely on different percen-
tages of BM do not provide a uniform training stimulus among
different athletic populations. For these reasons, coaches should
prescribe sled loads taking into consideration: (1) the sport-specific
demands, (2) the athletes’ characteristics and needs, and (3) the
environmental training conditions (ie, specifically, the typical
training surface). These observations are essential for effective
and appropriate training prescription.

Conclusions

Our results indicate that some caution should be taken when
prescribing RST as distinct percentages of BM for different athletic
populations, since a “similar” training stimulus resulted in different
alterations in running technique and sprint velocity within their
sport environments.
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