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Abstract 24 

This study compared the kinematics (step and joint) and muscle activity of unresisted 25 

and active resisted 30 m sprints with different loads (10-40% body mass) in experienced 26 

male and female sprinters. Step kinematics were measured using a laser gun and contact 27 

mat in 28 male and female participants during unresisted 30 m sprint, and sprints with 28 

10-40% of body mass (BM) active resistance, while peak angular velocities of lower 29 

limb was measured, together with muscle activation of nine muscles. Increased resisted 30 

loads resulted in slower 30m times, as a result of lower step velocity mainly caused by 31 

shorter step lengths and frequencies, flight times and longer contact times, with a 32 

greater effect on women than on men. These step kinematic differences, due to 33 

increasing load were accompanied with lower peak joint movements. However, gender 34 

differences were only found for peak plantar flexion with unresisted and 10% BM 35 

resisted sprints. Furthermore, increasing load decreased calf and hamstring muscles 36 

activity, while medial vastus activity increased. Based upon these findings, it was 37 

concluded that when introducing active resisted sprints, women should sprint with 38 

approximately 10% less active loads than men to have equal step and joint kinematics 39 

development over the sprint distance.  40 

 41 
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step length, step frequency, contact time, flight time, gender, EMG  43 

 44 

INTRODUCTION 45 

Sprinting is an important ability which is use in many sports, such as soccer, football, 46 

rugby and athletics. Therefore, improving sprint performance is one important goal of 47 
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training in these sports. Sprint training is primarily focused either on increasing power 48 

and strength, or on improving the sprinting technique by improving efficiency of certain 49 

movements.1 A generally used training method for increasing sprint performance is 50 

resisted sprints, as described by reviews of Alcaraz, et al.2 and Petrakos, et al.1. In 51 

resisted sprints, an external load is most often used, such as weighted sled pulling.1,3,4 52 

However, with weighted sled sprinting the challenge is friction, inertia of the sled and 53 

passive resistance. Initially, an additional force is required to overcome the effects of 54 

friction between the sled and the track surface, the static friction.4,5 While, when the 55 

sled begins to move, the friction between the track surface and the sled represents the 56 

total friction and load that has to be pulled. As such, the resistance will become lower 57 

than at the start. Furthermore, when using different loaded sleds, differences in friction 58 

due to the interaction with the surface6 makes it difficult to compare different studies.5  59 

Nowadays, there are also pulley systems, such as the 1080SprintTM and 60 

dynaspeedTM that can give a constant active resistance during the whole sprint by using 61 

a motor to employ a constant pulling force.7,8 van den Tillaar5 showed that an active 62 

force equal to 10–20% of body mass employed with the dynaSpeedTM increased 30 m 63 

times 13–28%, which was much higher than for weighted sled sprints with similar 64 

weights (7.5–20%).4  65 

Although many studies have discussed various biomechanical aspects of 66 

sprinting,9-11 only a few have investigated these parameters in resisted sprints and have 67 

not investigated the development of the kinematics per step.4,12,13 Recently, van den 68 

Tillaar14 showed that increased resisted loads resulted in slower sprint times, which was 69 

the result of a lower step velocity, mainly caused by shorter step lengths and 70 

frequencies, flight times, and longer contact times. He also showed that women had 71 
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slower times due to an earlier and slower maximal step velocity, which was mainly 72 

caused by longer contact times, shorter step lengths, and frequencies compared with 73 

men. However, in that study no analysis of muscle activation and peak angular velocity 74 

of the lower limb were conducted which could explain the changed step kinematics 75 

between gender and load. Only Macadam, et al.15 showed that a load of 3% body mass 76 

attached to the thigh had a 10-12% decrease of angular hip extension and flexion 77 

velocity when sprinting on a non-motorised treadmill. 78 

To the best of our knowledge, none of these studies have investigated peak 79 

angular velocity of the lower limb and muscle activation during different resisted sprints 80 

that could give more information about the demands of these sprints upon the athletes 81 

while sprinting with these extra loads. This gained knowledge could help researcher, 82 

coaches and athletes about decision making what active loads should be used to target 83 

different muscles and kinematics, for enhancing sprint performance. Eventual difference 84 

in muscle activity due to increased load or between genders can help to plan training 85 

more specific to different muscles optimally, for enhancing sprint performance. 86 

Therefore, the purpose of the present study was to investigate the effect of 87 

different active resisted loads (10, 20, 30 and 40% of body mass) upon step and joint 88 

(peak angular velocity) kinematics and muscle activity during every 6th m (blocks of 89 

20% displacement) of 30 m sprints for experienced male and female sprinters. It was 90 

hypothesised that the step length and rate will decrease, while contact time will increase 91 

with increasing active resistance and that this will have a larger impact on women than 92 

men5,16-18. This will be accompanied by lower peak joint movements, but with higher 93 

muscle activation of the prime movers in both men and women (quadriceps, gluteus and 94 

plantar flexors) due to the increased propulsion force demands of the active resistance.  95 
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 96 

METHODS  97 

Participants 98 

Fourteen experienced male sprinters (age 27 ± 6 years, body mass 76.6 ± 8.8 kg, body 99 

height 1.80 ± 0.07 m, with best 100m times of 10.81 ± 0.45 s) and 14 experienced 100 

female sprinters (age 22 ± 3 years, body mass 60.7 ± 5.1 kg, body height 1.68 ± 0.06 m, 101 

with best 100m times of 12.58 ± 0.58 s), participated in the present study. They were 102 

instructed to avoid undertaking any resistance training targeting their lower body in the 103 

48 hours prior to testing. Each participant was informed of the testing procedures and 104 

possible risks, and written consent was obtained prior to the study. The study complied 105 

with current ethical regulations for research, was approved by the local ethics 106 

committee, and conformed to the latest revision of the Declaration of Helsinki. 107 

 108 

Procedure 109 

After an individualised warm-up, each participant performed two unresisted 30 110 

m sprints. This was followed by two timed 30 m sprints with 10, 20, 30 and 40% of 111 

their body mass (BM) in a random order as active resistance provided by dynaSpeed 112 

(Ergotest Technology AS, Langesund, Norway) with 6-10 min pause between each 113 

sprint. Sprint times were measured with two pairs of wireless photocells placed at 114 

height of 1m (Brower Timing Systems, Draper, UT, USA). Participants initiated each 115 

sprint from a standing start in a split stance, with the lead foot behind a line taped on the 116 

floor 0.3 m from the first pair of photocells. Speed measurements were recorded 117 

continuously during each attempt using a CMP3 distance sensor laser gun (Noptel Oy, 118 

Oulu, Finland), sampling at 2.56 KHz. Contact time and flight time were also recorded 119 
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using an infra-red device covering 35 m, to avoid kinematic adjustments at the end of 120 

the 30m sprint, sampling at 500 Hz. All recordings were synchronised with a Musclelab 121 

6000 system (Ergotest Technology AS, Langesund, Norway), allowing measures of 122 

velocity, contact and flight time, step length and step frequency to be determined for 123 

each step of the 30 m sprint. These parameters were calculated and made available 124 

directly after each set of sprints. The step kinematics measured with the present 125 

equipment showed comparable accurate and reliable measurements as the Optojump.5 126 

The fastest attempt for each condition was used for further analysis. To account for the 127 

difference in number of steps between the conditions and between genders, kinematic 128 

data was averaged for every 6th m of the total distance. 129 

Peak angular velocity of the propulsion movements of the lower limb: plantar flexion, 130 

knee extension and hip extension during each stride (one left and right step) was 131 

measured, using wireless 9 degrees of freedom inertial measurement units (IMU) 132 

integrated with a 3-axis gyroscope. Sampling rate of the gyroscope was 200Hz with 133 

maximal measuring range of 2000 degrees/second±3% attached to the dorsal side of 134 

right foot, right lateral malleolus, and distal end on the lateral side of the right femur 135 

(Ergotest Technology AS, Langesund, Norway). Orientation of each sensor was 136 

calculated using a sensor-fusion algorithm; in which angular velocity and acceleration 137 

data were combined to minimise the effects of accelerometer noise and gyroscope drift. 138 

The recorded waveforms from the IMU for kinematics of the thigh, leg and foot were 139 

separated in one-axis, corresponding to the sagittal plane. Only a local reference frame 140 

was needed for the analysis, therefore the magnetometer data was not utilised. Cross-141 

over movement from other planes was assumed to be minimal since most recorded 142 

movements were around the frontal axis.15 Previous IMU sprint studies have found that 143 
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rotational kinematics measures (angular velocity) with IMUs were reliable and valid 144 

compared with high speed cameras.19,20 145 

Muscle activity was measured by using a wireless electromyography (EMG) 146 

with a sampling rate of 1 kHz (Ergotest Innovation, Porsgrunn, Norway) with electrodes 147 

(Zynex Neurodiagnostics, CO, USA) on the muscles of the right leg. The skin to which 148 

the electrodes was fastened had been shaved and washed with alcohol before fastening 149 

the electrodes. The electrodes (11 mm contact diameter and 2 cm centre-to-centre 150 

distance) were placed along the presumed direction of the underlying muscle fibres on 151 

the lateral and medial vastii, rectus femoris, biceps femoris, semimembranosus, soleus, 152 

lateral gastrocnemius, tibialis anterior, gluteus maximus muscles according to the 153 

recommendations of SENIAM 21. The EMG raw signal was amplified by 400 and 154 

filtered using a preamplifier located as close as possible to the pickup point with the 155 

intention of minimising the noise induced from external sources through the signal 156 

cables. The preamplifier had a common mode rejection ratio of 100 dB. The EMG raw 157 

signal was then bandpass filtered (fourth-order Butterworth filter) with cut-off 158 

frequencies of 20 Hz and 500 Hz. The resulting EMG signals were converted to root 159 

mean square (RMS) signals for the contact and flight phases of each step. The highest 160 

average RMS during one of the phases during each stride cycle (one left and right step) 161 

for each muscle was used for further analysis. All sensors were synchronised using 162 

Musclelab version 10.5.69 (Ergotest Innovation, Porsgrunn, Norway), which made it 163 

possible to measure and analyse kinematics and muscle activity for each step cycle and 164 

stride during the 30-m sprint. Since there was a difference in number of strides between 165 

the different loading conditions, the average maximal RMS and peak angular velocities 166 

were calculated for each 20% of each sprint (each 6m). To compare EMG activity 167 
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between gender, EMG normalisation was performed by using the mean of the three 168 

peak amplitude contractions for each muscle from the unresisted 30m sprint as 169 

normalisation signal for each participant. This has shown to be a reliable, repeatable and 170 

sensitive method for normalising of EMG in sprinting.22,23 171 

 172 

Statistical analysis 173 

Assumption of normality and homoscedasticity of variance were tested with a Shapiro-174 

Wilk and Levene‘s test. All data was normally distributed and homogeneity of variance. 175 

To compare the sprint times for different resisted sprints, a 2 (gender: independent 176 

groups) x 5 (unresisted–40% BM resisted sprints) model for analysis of variance 177 

(ANOVA) repeated measures was performed. To evaluate the effect of different loaded 178 

resisted sprints upon step kinematics, peak angular velocity and EMG, a 2 (gender) x 5 179 

(unresisted–40 BM resisted sprints) x 5 (each 6 m of total 30m sprint distance) ANOVA 180 

for each step kinematic and joint velocity variable was used. When the assumption of 181 

sphericity was violated, the Greenhouse-Geisser adjustments of the alpha level was 182 

reported. When significant differences were found due to training load or gender, a 183 

oneway ANOVA per resisted sprint load was also performed. Holm-Bonferroni Post-184 

hoc comparisons were applied to locate the differences for distance of the 30m sprints.  185 

The level of significance was set at p < 0.05. Analysis was performed with SPSS 186 

Statistics for Windows, version 25.0 (IBM Corp., Armonk, NY, USA). Effect size was 187 

evaluated with partial eta squared (ηp
2) where 0.01 < ηp

2 < 0.06 constituted a small 188 

effect, 0.06 < ηp
2 < 0.14 a medium effect, and ηp

2 > 0.14 a large effect.24 189 

 190 

RESULTS 191 
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The 30 m times rose significantly with greater percentage of body mass active 192 

resistance (F(4,104) = 584, p < 0.001, ηp
2 = 0.96) and was significantly longer for women 193 

than for men at each load. Running distance (F(4,104) ≥ 21, p < 0.001, ηp
2 ≥ 0.59) and 194 

resistance (F(4,104) ≥ 72, p < 0.001, ηp
2 ≥ 0.83) had significant effects for all step 195 

kinematics for both genders. Post hoc comparison revealed decreased step velocity, 196 

flight time, step frequency and step length and increased contact time with each 197 

increasing load (Figure 1). 198 

A gender effect was found for step velocity, step length, step frequency and contact 199 

times at all resistances (F(1,26) ≥ 4.8, p ≤ 0.040, ηp
2 ≥ 0.19), except for flight time (F(1,26) 200 

= 0.11, p = 0.75, ηp
2 = 0.01). Furthermore, a significant interaction effect for 201 

distance*gender was found for step velocity, step length, and contact time (except for 202 

the unresisted condition), for all conditions and flight times at 30% BM conditions 203 

(F(4,104) ≥ 2.5, p ≤ 0.049, ηp
2 ≥ 0.10). Post-hoc comparisons revealed that flight time, step 204 

velocity, length, and frequency decreased significantly and that contact time increased 205 

with each load for both genders. However, men reached a higher step velocity, and 206 

obtained this later than women in the 30m distance for the different resisted conditions. 207 

Furthermore, men had longer step lengths, shorter contact times and higher step 208 

frequencies than women. In the development of contact time over the 30m sprint 209 

distance both men and women reached the shortest contact times earlier with increasing 210 

load, and women showed an increase of contact time again, while men kept minimal 211 

contact time at a stable level after reaching it (figure 1). Especially with heavy loads the 212 

women showed another development than men for step length and flight time; i.e. 213 

women decreased step length the last 6 meters with 30 and 40% BM loads and 214 
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decreased flight times from 12 to 24 m with 40% BM loads, while men did not show 215 

these decreases (Figure 1).  216 

Peak angular velocities of knee extension, hip extension and plantar flexion were all 217 

affected by load (F(4,104) ≥ 5.4, p ≤ 0.01, ηp
2 ≥ 0.33), distance (F(4,104) ≥ 35.4, p < 0.001, 218 

ηp
2 ≥ 0.76), and interaction (F(4,104) ≥ 4.3, p < 0.001, ηp

2 ≥ 0.28). Only a gender effect 219 

was found for plantar flexion at 30 and 40% of BM loads (F(1,26) ≥ 5.4, p ≤ 0.01, ηp
2 ≥ 220 

0.33). A significant gender*distance interaction effect was found for plantar flexion 221 

with 40% BM resistance, knee extension with 30 and 40% BM resistance and hip 222 

extension with 20 and 30% BM active resistance (F(4,104) ≥ 3.1, p ≤ 0.02, ηp
2 ≥ 0.14). 223 

Post hoc comparison revealed that peak angular velocities decreased with increasing 224 

load, however not significantly with each load for every joint (Figure 2). Furthermore, 225 

peak angular velocity increased from 6 to 12 m in both genders and in men also from 12 226 

to 18 m for plantar flexion and knee extension in the unresisted and low resisted sprints 227 

(Figure 2). Men had also higher peak plantar flexion velocity in unresisted and 10% of 228 

BM sprints than women. With increasing resisted sprint loads (30-40% BM loads) 229 

women decreased peak angular velocity in the different joints, especially the last 6 230 

meters, while in men this decrease was in general not found (Figure 2). 231 

Only a significant effect of load was found for the rectus femoris, and semitendinosus 232 

muscles. However, when analyzed per gender also a significant effect of load was found 233 

in women for biceps femoris, gastrocnemius and soleus muscles and tibialis anterior in 234 

men (F(4,104) ≥ 2.7, p ≤ 0.042, ηp
2 ≥ 0.22). Post  hoc comparison revealed that in women 235 

rectus femoris activity was lower with 10% BM compared with 40% BM and unresisted 236 

loads, while for the biceps femoris and semitendinosis significantly lower activity was 237 

found with the 40% (only semitendinosis), 30% and 20% BM (only semitendinosis) 238 
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loads compared with the 10% BM and unresisted loads (Figure 3). Furthermore, in 239 

women, the gastrocnemius had significantly lower activity with 30 and 40% BM 240 

compared with 10 and 20% BM loads, while the soleus had lower activity in the 40% 241 

BM compared with the unresisted condition. In men only significantly higher tibialis 242 

anterior activity was observed with the 30% BM condition compared with the 10% and 243 

unresisted conditions (Figure 4). 244 

A significant effect of sprint distance was found for the medial vastus, semitendinosus 245 

and gastrocnemius (F(4,104) ≥ 4.4, p ≤ 0.008, ηp
2 ≥ 0.34). Post hoc comparison revealed 246 

that gastrocnemius activity increased only significantly with the 20 and 30 % BM load 247 

from 6 to 12m in men and in women with 10% BM load from 12 to 18m and in the 248 

unresist condition from 24 to 30m. For the medial vastus a decrease over distance in 249 

muscle activity was observed, but mainly in women it reached significance level. In the 250 

semitendinosis an increase over distance was observed in women with most loads, while 251 

in men activity stayed the same and even decreased in the unresisted condition from 18 252 

to 24m. This was indicated with a significant distance*group effect (F(4,104) = 7.9, p < 253 

0.001, ηp
2 ≥ 0.28, Figure 3). No other significant interaction effects were found for any 254 

of the muscles (F(4,104) ≤ 1.7, p ≥ 0.19, ηp
2 ≤ 0.31). 255 

A significant gender effect was found for the medial and lateral vastus and the soleus 256 

muscles. Post hoc comparison revealed muscle activity was higher in the women 257 

compared with the men but only significance was only reached in the unresisted 258 

condition for all three muscles and with the 30% BM load (soleus) and 20% BM (lateral 259 

vastus) (F(1,26)  ≥ 6.2, p ≤ 0.020, ηp
2 ≥ 0.21). When compared per load also a significant 260 

gender effect was found in the unresisted condition for the rectus femoris, gluteus 261 
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maximus, semitendinosis and tibialis anterior with higher muscle activity levels in 262 

women than men (Figure 3 and 4).  263 

 264 

DISCUSSION 265 

The main findings were that using increasing resisted loads resulted in slower 30m 266 

times, as a consequence of lower step velocity mainly caused by shorter step lengths 267 

and frequencies, flight times and longer contact times, with a greater effect on women 268 

than on men. These step kinematic differences, due to increasing load were 269 

accompanied with lower peak joint movements. However, gender differences here were 270 

only found for peak plantar flexion with unresisted and 10% BM resisted sprints. 271 

Furthermore, load and distance mostly affected EMG activity in women and less in 272 

men. Increasing load decreased calf and hamstring muscles activity, while rectus 273 

femoris activity increased, but only in women. Additionally, in women semitendinosus 274 

and gastrocnemius activity increased during the sprint distance, while it decreased for 275 

the medial vastus. For most muscles muscle activity was higher in women than men, but 276 

mainly only in the unresisted condition (Figure 3 and 4).  277 

With increasing load, sprint times increased, which were mainly caused by the shorter 278 

step lengths, longer contact times and lower step frequency (Figure 1). This was in line 279 

with previous studies on resisted sprints 16-18,25. Times over 30m with active resistance 280 

increased from 13 to 74% for men and from 16 to 109% in women, while peak velocity 281 

decreased with 48 and 56% (40% BM loads) for respectively men and women. These 282 

differences with 40% BM loads are comparable with sled towing studies with 80% BM 283 

26,27 indicating that with active resistance less load is necessary than sled towing to have 284 
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similar decreases of running velocity. This is important to know when planning training 285 

and comparing the acute effects of it.  286 

With increasing active resistance load, peak step velocity occurred earlier during the 287 

30m distance, even more in women than in men after which it decreased later in the 288 

distance. This was also visible in the step kinematics and especially in contact times, 289 

that decreased with unresisted and 10% resisted load, while it did not decrease with 290 

heavy loads and even increased over distance the last 6-12 m of the distance with the 291 

heavy BM loads. This resulted in lower step frequencies at the end of the heavy BM 292 

loaded sprint distances (Figure 1). These developments of increases in contact times and 293 

lower step frequencies over the sprint distance with heavy active loads were also visible 294 

in the maximal angular velocities of the joint movements (increased followed by a 295 

decrease with heavy active loads) indicated that fatigue occurs. It seems that women 296 

experience more fatigue than men with increasing active loads indicated by a rapid 297 

increase in contact time and decrease in step frequency on the end of the heavy loaded 298 

sprints, while men did not show this development so much (Figure 1). This was also 299 

visible in the development of the peak angular velocities, which decreased over the 300 

distance in women and not in men (Figure 2). These gender differences could be 301 

explained by a lower capacity for women to produce horizontal force at high running 302 

velocities.28 Such a conclusion was consistent with women having a lower leg muscle 303 

mass relative to their total body mass and more adipose tissue than men29 and thereby 304 

fatiguing earlier than men. Based upon the development of the step and joint kinematics 305 

between men and women it seemed that the 30m times and step and joint kinematics are 306 

comparable between genders when men sprinted with 10% more BM active resistance 307 

than the women. Only contact times did not follow the same pattern, which increased 308 
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very much the last metres in women with increasing load, while this was not observed 309 

in men (Figure 1). 310 

Peak angular hip extension velocity was much higher in the present study compared 311 

with the study of Macadam, et al.15. These differences were mainly caused by level of 312 

the participants (experienced male sprinters vs. recreational active healthy participants) 313 

and running condition (regular sprint track vs. non-motorised treadmill). Peak angular 314 

hip and knee extension velocities were comparable between genders, while the peak 315 

plantar flexion velocity was higher in men than women with the unresisted and 10% 316 

BM resisted sprints indicating that the proximal movements are similarly affected with 317 

increasing load, while distal movements were affected more in the women than men. 318 

Previous studies 30-33 have demonstrated that women can generate less muscle and 319 

tendon force in the calf, exhibit shorter tendon length and smaller cross-sectional area, 320 

and demonstrate less tendon stiffness in the lower leg compared with men. Thereby, the 321 

calf of women could be more affected and earlier fatigued by increasing load than men 322 

as shown by peak angular plantar flexion velocities (Figure 2). 323 

With increasing load, step and joint kinematics changed, while maximal muscle 324 

activation did not show much change with increasing load. So did maximal hamstring 325 

and calf muscle activity decrease, while maximal rectus femoris activity increased when 326 

load increased. However, this was only found significantly in women. An explanation 327 

for the decrease in hamstring activity is due to the lower maximal hip and knee 328 

extension with increasing loads. The biceps femoris and semitendinosus are mostly 329 

active during the late swing phase in which knee extension occurs 34-36. These two 330 

muscles work as antagonists of the quadriceps and their role is to control knee extension 331 

during the late swing phase to avoid too much extension and to create a knee flexion 332 
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moment 36. When the maximal knee extension decreased with increasing loads it is 333 

expected that hamstrings activation also would decrease. This was in accordance with 334 

the findings of Slawinski, et al.37 who found that the hamstrings activation was lower 335 

when sprinting on an inclined surface compared to flat surface. When sprinting on an 336 

inclined surface the maximal knee extension velocity is less, which asks less activation 337 

of the hamstrings.  338 

The calf muscles are most active during the also active during the late swing phase and 339 

braking phase during sprinting37,38 in which the calf muscles are pre active and have to 340 

resist dorsal flexion during braking. As with increasing load the sprinter leans more 341 

forwards to resist the active resistance, the sprint seems to become more like inclined 342 

sprinting. This means that the foot contacts the surface earlier37, with a lower plantar 343 

flexion action and thereby less activity of the calf muscles as shown in the present 344 

study. Only the rectus femoris showed increased activity when the active resistance 345 

higher. This muscle is both a hip flexor and a knee extensor and thereby one of the 346 

prime movers for propulsion during sprint.  347 

Both the gastrocnemius and semitendinosis increased activity during the sprint distance 348 

to around 12-18 m with the low loads (unresisted, 10 and 20% BM) which was in 349 

accordance of previous studies 18,39 and indicate that during sprint acceleration these 350 

muscles are getting more important for propulsion due to the repositioning of the 351 

posture more upright during acceleration. However, when the load is too heavy (30 and 352 

40% BM) not much repositioning is possible and thereby no increased muscle 353 

activation (Figure 4). The opposite seems to occur with the medial vastus in which 354 

activity decreases over the sprinting distance (Figure 3). The other muscles did not 355 
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show much difference in activation over the distance, which is also in line with the 356 

earlier findings on 30 m sprints of van den Tillaar and Gamble18 with a pulley system. 357 

A gender effect was found in most muscles. However, this effect was mainly found in 358 

the unresisted condition in which women had a higher muscle activity than men (Figure 359 

3 and 4). A possible explanation is the normalisation process in which the mean of the 360 

three peak amplitude contractions22 during the unresisted sprint was used as 361 

normalisation signal. In general men have less adipose tissue than women and therefore 362 

the EMG signal stronger of each peak amplitude, which results in a lower percent of 363 

muscle activation during the unresisted sprints compared with women who will have 364 

less percent of activation decrease. Furthermore, it seems this normalisation affected 365 

EMG activity in women and less in men over the different loads and distance. It is 366 

possible, that due to the fact that we used men and women from different performance 367 

levels, this could cause different solutions in muscle activation to overcome the 368 

different conditions. Thereby showing too much variability in muscle activation to 369 

establish differences between the five conditions.  370 

There were some limitations in the present study. Firstly, only step mechanics were 371 

specified in contact and flight times with mean muscle activity over these phases, which 372 

does not give information over the braking and propulsion phases during stance 40 that 373 

could change during sprints with different load and thereby give more information 374 

about possible muscle activity changes. It was not possible to identify these phases due 375 

to equipment. This made it also difficult to look at timing of the maximal muscle 376 

activation as discussed in a review of Howard, et al.38 on muscle activity in sprinting. In 377 

that review it was also shown that none of the reviewed studies investigated the 378 

development of muscle activation over the whole sprint distance, but only at a specific 379 
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point of the whole sprint distances. Moreover, none of these studies investigated the 380 

effect of different loads upon muscle activation, which makes the present study very 381 

interesting since it gives information about muscle use over the whole 30m distance that 382 

could be helpful for trainers to plan resisted sprint training for their athletes. 383 

Additionally, only EMG and angular velocity measurements were performed on the 384 

right limb and Inter-limb asymmetry in step characteristics and lower-limb kinematics 385 

have been observed in trained sprinters.41 Therefore, assuming symmetry may overlook 386 

important information that could influence sprinting performance with and without 387 

extra resistance.   388 

Another limitation is that from the used IMUs only maximal angular velocities were 389 

available and not joint angles that could give more information about the angles at touch 390 

down and toe off and leaning during the sprints with different loadings that could 391 

explain the findings more detailed. Therefore, in future studies 3D kinematics, together 392 

with kinetics and EMG on both limbs should be included to investigate the effect of 393 

different active resisted loads upon joint kinematics, force production and timing of 394 

muscle activation in more detail.  395 

 396 

CONCLUSION 397 

Increased active loads resulted in slower 30 m times, as a result of a lower step velocity, 398 

mainly caused by shorter step lengths and frequencies, flight times and longer contact 399 

times. These active loads had a larger effect on women than on men, which were the 400 

result of an earlier and slower maximal step velocity, which was mainly caused by 401 

longer contact times, shorter step lengths and lower frequencies in women compared to 402 

men. Only maximal hamstrings and calf muscle activity was affected with increasing 403 
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load by a reduction of activation, but mainly in women. Additionally, in women 404 

semitendinosus and gastrocnemius activity increased during the sprint distance, while it 405 

decreased for the medial vastus. The practical implication for trainers and athletes is that 406 

when introducing active resisted sprints, women during training should sprint with 407 

approximately 10% less BM loads than men to match the responses of step and joint 408 

kinematics development over the sprint distance. Furthermore, muscle activity changes 409 

due to load seems to be more sensitive for women than man, and with increasing load 410 

less distance should be covered to prevent fatigue, and thereby avoid training more for 411 

endurance rather than for acceleration ability. Moreover, trainers should be aware that 412 

with resisted loaded sprints hamstrings and calf muscle activation may be reduced. 413 

 414 

REFERENCES 415 

1. Petrakos G, Morin JB, Egan B. Resisted sled sprint training to improve sprint 416 

performance: a systematic review. Sports medicine (Auckland, N.Z.) 417 

2016;46(3):381-400. 418 

2. Alcaraz PE, Carlos-Vivas J, Oponjuru BO, Martínez-Rodríguez A. The effectiveness 419 

of resisted sled training (RST) for sprint performance: A systematic review and 420 

meta-analysis. Sports medicine (Auckland, N.Z.) 2018;48(9):2143-2165. 421 

3. Bachero-Mena B, GonzaLez-Badillo JJ. Effects of resited sprint training on 422 

acceleration with three different loads accounting for 5, 12.5 and 20% of body 423 

mass. Journal of Strength and Conditioning Research 2014;28(10):2954-2960. 424 

4. Cronin J, Hansen K, Kawamori N, McNair P. Effects of weighted vests and sled 425 

towing on sprint kinematics. Sports Biomechanics 2008;7(2):160-172. 426 

5. van den Tillaar R. Comparison of step-by-step kinematics of elite sprinters' unresisted 427 

and resisted 10-m sprints measured with optojump or musclelab. Journal of 428 

Strength and Conditioning Research 2018. 429 

6. Linthorne NP, Cooper JE. Effect of the coefficient of friction of a running surface on 430 

sprint time in a sled-towing exercise. Sports Biomechanics 2013;12(2):175-185. 431 

7. Rakovic E, Paulsen G, Helland C, Eriksrud O, Haugen T. The effect of individualised 432 

sprint training in elite female team sport athletes: A pilot study. Journal of sports 433 

sciences 2018;36(24):2802-2808. 434 

8. Mangine GT, Huet K, Williamson C, et al. A resisted sprint improves rate of force 435 

development during a 20-m sprint in athletes. Journal of Strength and 436 

Conditioning Research 2018;32(6):1531-1537. 437 



 

19 
 

9. Bezodis IN, Kerwin DG, Salo AI. Lower-limb mechanics during the support phase of 438 

maximum-velocity sprint running. Medicine and science in sports and exercise 439 

2008;40(4):707-715. 440 

10. Lockie RG, Murphy AJ, Spinks CD. Effects of resisted sled towing on sprint 441 

kinematics in field-sport athletes. Journal of Strength and Conditioning Research 442 

2003;17(4):760-767. 443 

11. Brechue WF. Structure-function relationships that determine sprint performance and 444 

running speed in sport. International Journal of Applied Sports Sciences 445 

2011;23(2):313-350. 446 

12. Alcaraz PE, Palao JM, Elvira JL, Linthorne NP. Effects of three types of resisted 447 

sprint training devices on the kinematics of sprinting at maximum velocity. 448 

Journal of Strength and Conditioning Research 2008;22(3):890-897. 449 

13. Simperingham K, Cronin J. Changes in sprint kinematics and kinetics with upper 450 

body loading and lower body loading using exogen exoskeletons: A pilot study. 451 

Journal of Australian Strength and Conditioning 2014;22(5):69-72. 452 

14. van den Tillaar R. Comparison of step kinematics of active resisted 30 m sprints 453 

between experienced male and female sprinters. Translational Sports Medicine 454 

2020;3(3):271-277. 455 

15. Macadam P, Nuell S, Cronin JB, et al. Load effects of thigh wearable resistance on 456 

angular and linear kinematics and kinetics during non-motorised treadmill 457 

sprint-running. European journal of sport science 2020:1-8. 458 

16. van den Tillaar R. Comparison of step-by-step kinematics in repeated 30m sprints in 459 

female soccer players. Journal of Strength and Conditioning Research 460 

2018:1923–1928. 461 

17. van den Tillaar R, Gamble P. Comparison of step-by-step kinematics of resisted, 462 

assisted and unloaded 20-m sprint runs. Sports Biomechanics 2018:1-14. 463 

18. van den Tillaar R, Gamble P. Comparison of step-by-step kinematics and muscle 464 

activity of resisted, assisted and unloaded 30 m sprint runs in experienced 465 

sprinters. Translation Sports Medicine 2018;1(4):151-159. 466 

19. Macadam P, Cronin J, Neville J, Diewald S. Quantification of the validity and 467 

reliability of sprint performance metrics computed using inertial sensors: A 468 

systematic review. Gait & posture 2019;73:26-38. 469 

20. Channells J, Purcell B, Barrett R, James D. Determination of rotational kinematics 470 

of the lower leg during sprint running using accelerometers. Vol 6036: SPIE; 471 

2006. 472 

21. Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development of 473 

recommendations for SEMG sensors and sensor placement procedures. Journal 474 

of Electromyography & Kinesiology 2000;10(5):361-374. 475 

22. Albertus-Kajee Y, Tucker R, Derman W, Lamberts RP, Lambert MI. Alternative 476 

methods of normalising EMG during running. Journal of Electromyography & 477 

Kinesiology 2011;21(4):579-586. 478 

23. Ball N, Scurr J. Electromyography normalization methods for high-velocity muscle 479 

actions: review and recommendations. Journal of applied biomechanics 480 

2013;29(5):600-608. 481 

24. Cohen J. Statistical power analysis for the behavioral sciences. Hillsdale, NJ, 482 

England: Lawrence Erlbaum Associates; 1988. 483 



 

20 
 

25. van den Tillaar R, Von Heimburg E. Comparison of different sprint training 484 

sessions with assisted and resisted running: effects on performance and 485 

kinematics in 20 m sprints. Human Movement 2017;18(2): 21-29. 486 

26. Cahill MJ, Oliver JL, Cronin JB, Clark KP, Cross MR, Lloyd RS. Sled-Pull Load-487 

Velocity Profiling and Implications for Sprint Training Prescription in Young 488 

Male Athletes. Sports (Basel, Switzerland) 2019;7(5). 489 

27. Cross MR, Brughelli M, Samozino P, Brown SR, Morin J-B. Optimal Loading for 490 

Maximizing Power During Sled-Resisted Sprinting. International Journal of 491 

Sports Physiology & Performance 2017;12(8):1069-1077. 492 

28. Slawinski J, Termoz N, Rabita G, et al. How 100-m event analyses improve our 493 

understanding of world-class men's and women's sprint performance. 494 

Scandinavian Journal of Medicine & Science in Sports 2017;27(1):45-54. 495 

29. Perez-Gomez J, Rodriguez GV, Ara I, et al. Role of muscle mass on sprint 496 

performance: gender differences? European Journal of Applied Physiology 497 

2008;102(6):685-694. 498 

30. Burgess KE, Graham-Smith P, Pearson SJ. Effect of acute tensile loading on 499 

gender-specific tendon structural and mechanical properties. Journal of 500 

orthopaedic research 2009;27(4):510-516. 501 

31. Joseph MF, Lillie KR, Bergeron DJ, et al. Achilles tendon biomechanics in response 502 

to acute intense exercise. Journal of Strength and Conditioning Research 503 

2014;28(5):1181-1186. 504 

32. Kubo K, Kanehisa H, Fukunaga T. Gender differences in the viscoelastic properties 505 

of tendon structures. European Journal of Applied Physiology 2003;88(6):520-506 

526. 507 

33. Jenkins L, Patel L, Gavin T. No difference in plantar flexion maximal exercise 508 

power output between men and women. Sport Sciences for Health 509 

2017;13(1):139-147. 510 

34. Yu B, Queen RM, Abbey AN, Liu Y, Moorman CT, Garrett WE. Hamstring muscle 511 

kinematics and activation during overground sprinting. Journal of Biomechanics 512 

2008;41(15):3121-3126. 513 

35. Kuitunen S, Komi PV, Kyrolainen H. Knee and ankle joint stiffness in sprint 514 

running. Medicine and science in sports and exercise 2002;34(1):166-173. 515 

36. Higashihara A, Ono T, Kubota JUN, Okuwaki T, Fukubayashi T. Functional 516 

differences in the activity of the hamstring muscles with increasing running 517 

speed. Journal of sports sciences 2010;28(10):1085-1092. 518 

37. Slawinski J, Dorel S, Hug F, et al. Elite long sprint running: a comparison between 519 

incline and level training sessions. Medicine and science in sports and exercise 520 

2008;40(6):1155-1162. 521 

38. Howard RM, Conway R, Harrison AJ. Muscle activity in sprinting: a review. Sports 522 

Biomechanics 2018;17(1):1-17. 523 

39. Higashihara A, Nagano Y, Takahashi K, Fukubayashi T. Effects of forward trunk 524 

lean on hamstring muscle kinematics during sprinting. Journal of sports sciences 525 

2015;33(13):1366-1375. 526 

40. Mero A, Komi PV. Electromyographic activity in sprinting at speeds ranging from 527 

sub-maximal to supra-maximal. Medicine and science in sports and exercise 528 

1987;19(3):266-274. 529 



 

21 
 

41. Exell T, Irwin G, Gittoes M, Kerwin D. Strength and performance asymmetry 530 

during maximal velocity sprint running. Scandinavian Journal of Medicine & 531 

Science in Sports 2017;27(11):1273-1282. 532 

 533 

534 



 

22 
 

Table 1. 30m times (±SD) of the male and female sprinters with the different loads 535 

 unresisted 10% BM load 20% BM load 30% BM load 40% BM load 

Men 3.95±0.23 4.57±0.31 5.16±0.46 5.96±0.65 6.99±0.85 

Women 4.29±0.14 5.07±0.42 5.91±0.33 7.25±0.50 8.95±0.82 

A signficant increase in time was observed with each resistance and 30  m times were 536 

signficantly higher in the women at each condition than men on a p<0.05 level. 537 

BM = body mass of active resistance 538 

 539 

 540 

541 
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Figure legend 542 

 543 

FIGURE 1 Average velocity contact and flight times, step length and frequency (± 544 

SEM) per 6 m distances of the 30 m sprint for all resistances for men and women. All 545 

step kinematics significantly changed at each sprint condition for both genders. 546 

† indicates a significant difference between men and women for each of the sprint 547 

conditions on a p < 0.05 level. 548 

+ indicates a significant difference with the previous distance for this sprint condition 549 

on a p < 0.05 level. 550 

 551 

FIGURE 2 Average peak angular velocity of hip extension, knee extension and plantar 552 

flexion (± SEM) per 6 m distances of the 30 m sprint for all resistances for men and 553 

women. 554 

† indicates a significant difference between men and women for this sprint conditions 555 

on a p < 0.05 level. 556 

* indicates a significant difference with all other sprint conditions on a p < 0.05 level. 557 

‡ indicates a significant difference between these two sprint conditions. 558 

+ indicates a significant difference with the previous distance for this sprint condition 559 

on a p < 0.05 level. 560 

 561 

FIGURE 3 Average peak EMG activity of the quadriceps and hamstring muscles (± 562 

SD) per 6 m distances of the 30 m sprint for all resistances for men and women.  563 

† indicates a significant difference between men and women for this sprint conditions 564 

on a p < 0.05 level. 565 
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‡ indicates a significant difference between these two sprint conditions. 566 

+ indicates a significant difference with the previous distance for this sprint condition 567 

on a p < 0.05 level. 568 

 569 

FIGURE 4 Average peak EMG activity of the gastrocnemius, soleus, tibialis anterior 570 

and gluteus maximus muscles (± SD) per 6 m distances of the 30 m sprint for all 571 

resistances for men and women.  572 

† indicates a significant difference between men and women for this sprint conditions 573 

on a p < 0.05 level. 574 

‡ indicates a significant difference between these two sprint conditions. 575 

+ indicates a significant difference with the previous distance for this sprint condition 576 

on a p < 0.05 level. 577 

 578 
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