
1 | P a g e  

 

Effects of strength training on squat and sprint performance in soccer players 1 
 2 

 3 

 4 

Original Investigation 5 

 6 

 7 

 8 

William J. Styles
1,2

, Martyn J. Matthews
2
 & Paul Comfort

2#
 9 

 10 
1
Glasgow Celtic Football Club, Medical Department, 95 Kerrydale Street, Glasgow.  11 

G40 3RE 12 
2
Human Performance Laboratory, Directorate of Sport, Exercise, and Physiotherapy, 13 

University of Salford, Greater Manchester, M6 6PU. United Kingdom 14 

 15 

 16 

 17 
#
Corresponding Author: Paul Comfort – p.comfort@salford.ac.uk  18 

 19 

 20 

 21 

Preferred running head: Strength training in soccer players 22 

 23 

 24 

Effects of strength training on squat and sprint performance in soccer players 25 

 26 
 27 
 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
 49 
 50 
 51 
 52 
 53 
 54 
 55 



2 | P a g e  

 

Abstract 56 

Researchers have demonstrated that increases in strength result in increases in athletic 57 

performance, although the development of strength is still neglected in some sports. 58 

Our aim was to determine whether a simple in-season strength training program 59 

would result in increases in maximal squat strength and short sprint performance, in 60 

professional soccer players. Professional soccer players (n=17, age = 18.3 ± 1.2 years, 61 

height = 1.79 ± 0.06 m, body mass (BM) = 75.5 ± 6.1 kg) completed one repetition 62 

maximum (1RM) back squat and sprint tests (5-, 10-, 20 m) before and after a six-63 

week (2 x week) in-season strength training (85-90% 1RM) intervention. Strength 64 

training resulted in significant improvements in absolute and relative strength (pre: 65 

125.4 ± 13.8 kg, post 149.3 ± 16.2 kg, p < 0.001, Cohen’s d = 0.62; 1RM/BM pre: 66 

1.66 ± 0.24 kg.kg
-1

, post 1.96 ± 0.29 kg.kg
-1

, p < 0.001, Cohen’s d = 0.45; 67 

respectively). Similarly, there were small yet significant improvements in sprint 68 

performance over 5 m (pre 1.11 ± 0.04 s, post 1.05 ± 0.05 s, p < 0.001, Cohen’s d = 69 

0.55) 10 m (pre 1.83 ± 0.05 s, post 1.78 ± 0.05 s, p < 0.001, Cohen’s d = 0.45) and 20 70 

m (pre 3.09 ± 0.07 s, post 3.05 ± 0.05 s, p < 0.001, Cohen’s d = 0.31). Changes in 71 

maximal squat strength appear to be reflected in improvements in short sprint 72 

performance highlighting the importance of developing maximal strength to improve 73 

short sprint performance. Moreover this demonstrates that these improvements can be 74 

achieved during the competitive season in professional soccer players.  75 

 76 

 77 

KEY WORDS: Sprint times; Back squat; Acceleration; In-season 78 

 79 

 80 



3 | P a g e  

 

Introduction 81 

Whilst the total distance covered in an elite soccer match can total as much as 8-12 82 

km (5, 15), it is the short high-intensity sprints that represent the crucial game-83 

changing moments. These sprints typically last from 2-4 seconds over distances of 10 84 

– 30 m, with players performing 17-81 sprints per game, accounting for up to 11% of 85 

the total distance covered during a match (5, 15, 27, 31). Moreover sprinting ability 86 

(both acceleration and maximum sprint speed) are able to distinguish soccer players 87 

from different standards of play, in both adult (27) and youth soccer (9).   88 

 89 

Strong correlations have been reported between short sprint performance and lower 90 

body strength, assessed using free weight back squats (7, 10, 18, 21, 25, 35).  Wisloff 91 

et al. (35) reported a very strong relationship (r = -0.94) between absolute back squat 92 

strength and sprint performance in soccer players, while McBride et al. (21), Meir et 93 

al. (25), and Comfort et al. (7) reported good relationships between short sprint 94 

performance and relative strength (1RM / body mass). Authors of a recent meta-95 

analysis concluded that improvements in lower body strength transfer to 96 

improvements in sprint performance (<30 m) (30). This is likely due to stronger 97 

athletes developing higher peak ground reaction force and impulse, which have been 98 

shown to be strong determinants of sprint performance (11, 32, 33). Good 99 

associations are also reported between maximum ground reaction force and maximal 100 

sprinting velocity (r = 0.60) (32), suggesting that increasing strength, or maximal 101 

force production, may also improve acceleration and maximal sprinting velocity.  102 

 103 

During sprinting, contact times of ≥ 200 ms (222 ± 18 ms) have been observed during 104 

the initial acceleration phase, reducing to <200 ms (169 ± 7.9 ms) during the maximal 105 



4 | P a g e  

 

velocity phase (12), illustrating that high rates of force development (RFD) are 106 

essential for effective acceleration during sprinting. Importantly, maximal strength is 107 

reported to be the most important factor in maximizing power output when ground 108 

contact time or movement duration is >200 ms (11, 32, 33). When increasing 109 

maximal strength, an athlete’s body mass will normally show minimal change, 110 

therefore if a higher force is applied to a similar mass acceleration increases. 111 

Additionally higher strength levels are associated with higher RFD (3, 22, 23, 37). 112 

This is likely to be the case for team sport specific sprint distances of ≤20 m, 113 

however, the relationship between maximum strength and sprint performances is 114 

likely to diminish as the distance increases. As the sprint distance increases it has 115 

been proposed that performance is affected more by the stretch shorten cycle and that 116 

the relationship between maximal strength and sprint performance is less apparent (4).  117 

 118 

Despite these factors there is limited research documenting whether changes in 119 

strength are associated with changes in sprint performance (6, 8, 29). Chelly et al., (6) 120 

observed an improvement in back squat strength, jump and sprint performance in 121 

junior soccer players following a 2-month back-squat training protocol.  Similarly, a 122 

study by Ronnestad et al. (29) reported significant improvements (p < 0.05) in half 123 

squat strength (pre: 173 ± 4 kg, post: 215 ± 4 kg), 10m (pre: 1.78 ± 0.02 s, post 1.75 ± 124 

0.01 s) and 40m (pre: 5.43 ± 0.05 s, post 5.37 ± 0.05 s) sprint performances, after 7 125 

weeks of combined strength and plyometric training. More recently Comfort et al. (8) 126 

investigated whether changes in maximal squat strength were reflected in changes in 127 

sprint performance. Preseason training resulted in 17.7% improvement in maximal 128 

squat strength from pre-training (170.6 ± 21.4 kg) to post-training (200.8 ± 19.0 kg), 129 

as well as decreases in sprint times over 5m (7.6%), 10m (7.3%), and 20m (5.9%).  130 
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 131 

With numerous studies reporting that stronger athletes perform better during short 132 

sprint performances (4, 7, 10, 11, 18, 21, 25, 35, 37), it may be that increasing lower 133 

body strength, through a simple training intervention, is likely to result in improved 134 

performance during short sprints and may therefore enhance soccer performance (5), 135 

as recently concluded in a meta-analysis (30). To date, while studies have reported 136 

associations between squat strength and short sprint performance in soccer (10, 35), 137 

only one study has reported that pre-season strength training improved short sprint 138 

performance (29). The aim of the investigation, therefore, was to implement a basic 139 

in-season strength training program and determine if any resultant increase in 140 

maximal squat strength is accompanied by an improvement in short sprint 141 

performance. It was therefore hypothesized that the training program would improve 142 

subjects’ absolute and relative 1RM back squat performance, which would be 143 

reflected by a concurrent increase in sprint performance over 5- 10- and 20 m.  144 

 145 

Methods 146 

Experimental Approach to the Problem 147 

To determine if a basic in-season strength training program results in an increase in 148 

1RM back squat performance and whether these increases are reflected in a 149 

concurrent improvement in sprint performance, a squad of professional soccer players 150 

were tested (1RM squat and 5, 10 and 20 m sprint) before and after a 6 week in-151 

season strength training intervention using a repeated measures experimental design. 152 

 153 

Due to the fact that this was an in-season intervention in a professional team sport 154 

environment it is acknowledged that other sessions over the intervention period 155 
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(agility, speed) may have influenced sprint performance. It would not have been 156 

practical to remove such sessions from the training week of this group of professional 157 

athletes; however this increases the ecological validity of the study. 158 

 159 

Subjects 160 

Seventeen, elite level professional soccer players (age = 18.3 ± 1.2 years (range 16-20 161 

years), height = 1.79 ± 0.06 m, body mass (BM) = 75.5 ± 6.1 kg, 1RM Back Squat = 162 

125.4 ± 13.8 kg and 1RM/BM = 1.66 ± 0.24 kg.kg
-1

), participated in the study. The 163 

Institutional Review Board approved the project and all the participants provided 164 

written informed consent and parental or guardian consent where required. The 165 

subjects were considered to be moderately trained in regard to maximal strength 166 

training interventions and relative strength levels, with an experience of resistance 167 

training of approximately 1 year, with a primary focus on strength endurance. The 168 

subjects had not been exposed to a strength training intervention of this nature (high 169 

intensity and low volume), having previously completed a general preparation phase 170 

that focused on muscle hypertrophy and strength endurance. All participants were 171 

accustomed with the testing methods, as they formed part of the on-going assessment 172 

and evaluation of their athletic development. All participants were free from injury 173 

and undertook a standardized warm up prior to each testing session. 174 

 175 

 176 

 177 

Procedures 178 

Maximal strength and sprint performances were assessed on separate days, 72 hours 179 

apart. Participants abstained from training for 24 hours prior to testing. Due to testing 180 
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being conducted on different days all assessments were conducted at the same time of 181 

day and the participants asked to standardize their food and fluid intake prior to each 182 

testing session. 183 

 184 

Maximal Strength Testing 185 

One repetition maximum back squat was assessed via a standardized protocol, with 186 

warm up loads approximated via individual training loads (3). During all attempts, the 187 

participants were required to squat to a depth where a 90° knee angle was achieved. 188 

This angle was gauged prior to the warm up sets using a goniometer, with a bungee 189 

cord fixed at a height where it contacted the buttocks while the subject was in this 190 

position, which was also reinforced via verbal command. All the participants achieved 191 

their 1RM within 4 attempts. Strength performances were reported as both absolute 192 

and relative (1RM / body mass) strength.  193 

 194 

Sprint Performance 195 

Following a standardized warm up, the participants performed two 20-m sprints on an 196 

indoor artificial synthetic grass surface, wearing standard training shoes. Sprints were 197 

interspersed with a one minute rest period in accordance with McBride et al. (21). 198 

Time to 5, 10 and 20 m was assessed using infrared timing gates (Brower, Speed Trap 199 

2 Wireless Timing System, UT, USA). All the subjects began from a two point start, 200 

with their front foot positioned 0.5 m behind the start line and were instructed to 201 

perform all the sprints with a maximal effort. Within session reliability of sprint 202 

performances was assessed using the data from the two trials, during the pre-203 

intervention assessments; while the best performances were used compare pre to post 204 

intervention changes in performance. 205 
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 206 

Training Intervention 207 

All subjects completed an individualized strength training program twice per week for 208 

six weeks (12 sessions in total) (Table 1). Loads were set as a percentage of the pre-209 

test values. The volume load of sessions was manipulated through the repetitions and 210 

sets performed to divide the sessions into a high volume and low volume day 211 

throughout the week, based on the competition schedule. This intervention formed 212 

part of the athlete’s in-season conditioning program. Back squats were selected due to 213 

the strong associations with maximal strength in this exercise and short sprint 214 

performances (4, 7, 10, 11, 18, 21, 25, 35, 37). Romanian deadlifts and Nordic lowers 215 

were implemented in light of the high incidence of hamstring strain injuries reported 216 

within soccer (36) and the injury prevention benefits of such strengthening exercises 217 

(1, 2, 26). In addition the subjects were also familiar with these exercises.  218 

 219 

 220 

***Insert Table 1 here*** 221 

 222 

Both maximal strength and sprint performances were reassessed at the end of the 6 223 

week training intervention using the same protocols. Participants were asked to 224 

standardize their dietary intake and activity levels for the 24 hours prior to each 225 

testing session. All testing was performed at the same time of day to minimize the 226 

effect of circadian rhythms. 227 

 228 

 229 

 230 
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Statistical Analyses 231 

Intraclass correlation coefficients (ICC’s) were conducted to determine reliability of 232 

sprint testing methods within sessions. Paired sample t-tests were performed to 233 

identify the differences in sprint performances and 1RM back squat performance pre 234 

and post 6 weeks of training. Effect sizes were determined using the Cohen d method, 235 

and interpreted based on the recommendations of Rhea (28) who defines <0.35, 0.35-236 

0.80, 0.80-1.5 and >1.5 as trivial, small, moderate and large respectively. 237 

Additionally, Pearson’s product moment correlations were performed to determine 238 

associations between the percentage change in sprint performances and the percentage 239 

change in relative strength. Correlation coefficients were interpreted as being weak 240 

(0.1-0.3), moderate (0.4-0.6) and strong (>0.7) in line with previous recommendations 241 

(17). Statistical analyses were performed using SPSS software (Version 20.0, SPSS, 242 

Inc., IL, USA). G-Power statistical software (version 3.1.9.2; University of 243 

Dusseldorf, Dusseldorf, Germany) (13), was used determined that a minimum sample 244 

size of n = 14 was required for a statistical power ≥0.90 at an alpha level of p ≤ 0.05. 245 

 246 

 247 

Results 248 

Examination of ICC’s revealed varied but high within session reliability for the 5, 10 249 

and 20 m sprints during testing (r = 0.86; r = 0.89; r = 0.92). 250 

Body mass was increased over the 6-week training period, although the effect size 251 

was trivial (pre: 75.5 ± 6.1 kg, post 76.3 ± 5.9 kg, p < 0.001, Cohen’s d = 0.07). 252 

Similarly both absolute and relative strength increased significant (p < 0.001) between 253 

baseline and post the 6 week in season strength training protocol although the effect 254 

sizes were small (Table 2). Small but significant (p < 0.001) increases in sprint 255 
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performance, were also observed over each distance (Table 2) between pre and post 256 

the 6 week strength training program.  257 

  258 

 259 

 260 

***Insert Table 2 here*** 261 

 262 

 263 

Strong correlations were also observed between the percentage change in relative 264 

1RM and 5-, 10- and 20 m sprint times (r = 0.62, 0.78, 0.60, p<0.001, respectively) 265 

(Figure 1). 266 

 267 

 268 

***Insert Figure 1 here*** 269 

 270 

 271 

Discussion 272 

We have demonstrated that a simple, in-season, strength training program resulted in 273 

an improvement in maximal back squat performance which was reflected in 274 

improvements in short sprint performance, as identified by a decrease in sprint time 275 

over 5-, 10- and 20 m, in professional soccer players, in line with the hypotheses. 276 

Furthermore, the changes in relative 1RM squat strength demonstrate strong 277 

associations with the changes in 5- (r = 0.62), 10- (r = 0.78) and 20 m (r = 0.60) sprint 278 

performances. 279 

 280 
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The in-season strength training intervention resulted in significant and moderate, 281 

improvements in both absolute (19%) and relative (16%) strength. There were also 282 

significant (p < 0.001), yet small improvements in sprint performance over 5 m 283 

(~5%), 10 m (~3%) and 20 m (~1%) (Table 2).  Despite moderate increases in squat 284 

strength, the effect sizes demonstrate that 5 m sprint performance showed small 285 

improvements, with progressively smaller effect sizes and percentage improvements 286 

as sprint distance increased, despite being statistically significant. The greater changes 287 

in short sprint performance is likely due to the requirement to overcome inertia during 288 

the initial 5 m, with the rate of force development rather than maximal force 289 

production becoming more important as distance and running velocity increase. The 290 

absolute 1RM squat performances (pre 125.4 ± 13.78 kg; post 149.29 ± 16.2 kg) pre 291 

training are comparable to values previously reported in soccer players participating 292 

in a similar level of competition (129.1 ± 11.4 kg) (24).  293 

 294 

The previous study by Comfort et al. (8), which compared changes in back squat and 295 

short sprint performances across pre-season training in rugby league players, 296 

demonstrated similar increases in relative strength (Pre = 1.78 ± 0.27 kg.kg
-1

 vs. Post 297 

= 2.05 ± 0.21 kg.kg
-1

) when compared to the present study (Pre = 1.70 ± 0.24 kg.kg
-1

 298 

vs. Post = 1.97 ± 0.29 kg.kg
-1

). Similarly, changes in 5 m sprint performance were 299 

comparable, although the increases in 10 m and 20 m sprint performances were 300 

greater in the previous study (8), which could be due to the differences in duration (6 301 

vs. 8 weeks) and the time in the season (pre-season vs. in-season). Similar changes in 302 

back squat strength were also observed by Ronnestad et al. (29), after a 7 week 303 

strength training intervention in youth soccer players, although they observed minimal 304 

changes in 10 m sprint performance. 305 
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 306 

The current study was an in-season intervention with a group of elite level soccer 307 

players that was incorporated into the existing training and competition schedule of a 308 

professional club. As such, due to the concurrent focus on multiple fitness attributes, 309 

it is possible that changes in maximum strength were less than would be achieved in a 310 

program where this was the primary focus. The incompatibility between strength and 311 

endurance training has long been recognized, with concurrent training resulting in 312 

reduced improvements in strength and power (14, 19). Whilst other research has 313 

reported little to no decrements in strength training gains with the addition of 314 

endurance training (16), it appears that concurrent training when compared to solely 315 

strength training, compromises strength-related adaptations. Indeed the conflicting 316 

findings may be explained by the study design, training status of the participants, the 317 

strength and endurance stimuli and the recovery between bouts of exercise (20, 34). A 318 

key point to consider is that in many of the highlighted studies the participants had 319 

little or no strength training history and as such made performance improvements as a 320 

result of this novel stimulus. This could explain the results of the current study, in that 321 

another  group of athletes with a longer training history may require a greater level of 322 

overload to stimulate adaptation and the improvements in strength (19% increase in 323 

1RM), which may affect the overall training volume. 324 

 325 

While 1RM back squat performance has previously been correlated with sprint 326 

performance (7, 10, 18, 21, 25, 35), it has been suggested that assessment of peak 327 

force or peak power during squat jumps or countermovement jumps may be a better 328 

predictor of sprint performances over distances specific to soccer (11). With jumps 329 

divided into slow and fast stretch-shorten cycle (SSC) performance, the 330 
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countermovement jump is a measure of slow (>250 ms) SSC performance and the 331 

drop jump is a measure of fast (<250 ms) SSC performance (37, 38). Cronin & 332 

Hansen (11) highlighted that measures of slow SSC performance (countermovement 333 

and loaded jump squats) resulted in the highest correlations (r = -0.43 to -0.64) with 334 

sprint performance. It is suggested that in the initial phases of sprinting, where ground 335 

contact times are longer, measures of slow SSC are more important, whereas 336 

measures of fast SSC are more important during the maximal speed phase (11). 337 

Indeed the relationship between first-step quickness (5 m time) and maximal speed is 338 

weaker than that of first step quickness and acceleration. That is 5 m time accounts 339 

for less than 53% of the explained variance associated with maximal speed (30 m 340 

time).  Jump analysis, therefore, may offer greater insight into the determinants of 341 

soccer-specific speed and allow for greater individualization in terms of assessment 342 

and exercise prescription. Future research may benefit from investigating if 1RM 343 

back squats or assessment of jump performances are more closely related to short 344 

sprint performance, with regular assessment of jump performance easier to implement 345 

in-season. Additionally, as this study was only 6 weeks in duration, assessment of 346 

periodized strength and power training throughout the season is recommended. 347 

 348 

Practical Application 349 

The findings of this study are that a simple, low volume, in season strength training 350 

intervention in trained professional soccer players can increase maximal squat 351 

strength, which is reflected in improvements in sprint performance, albeit to a lower 352 

magnitude. This highlights not only the association between strength and performance 353 

in short sprints over distances regularly performed in competition, but also that 354 

relatively simple interventions can produce meaningful improvements in a population 355 
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that, although elite, is relatively untrained in strength.  It is recommended therefore 356 

that strength and conditioning coaches not only try to maintain, but increase strength 357 

in season in competitive soccer players, with low volume strength training which 358 

should not negatively affect match performance. 359 

  360 

 361 
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Table legends 496 
 497 

Table 1: Example training program during the strength intervention 498 

 499 

Table 2: Descriptive statistics (means ± standard deviations and 90% confidence 500 

intervals) for performance variables pre and post training 501 
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Figure 1: Relationship between change in relative strength and change in 10 m sprint 503 
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 546 

Table 1: Example training program during the strength training intervention 547 

Exercise High Volume 

(Sets / Rep’s / Load) 

Low Volume 

(Sets / Rep’s / Load) 

Back Squat 4 / 5 / 85-90% 3 / 3 / 85-90% 

Romanian Deadlift 4 / 5 / 85-90% 3 / 3 / 85-90% 

Nordic lowers 3 / 4-6* 3 / 3* 

*Body mass (no external load) 

 548 

 549 

 550 

 551 

 552 

Table 2: Descriptive statistics (means ± standard deviations and 90% confidence 553 

intervals) for performance variables pre and post training 554 

 555 

Performance Variable Pre Post Effect Size 

5 m Sprint (s) 
1.11 ± 0.04 

(1.09-1.13) 

1.05 ± 0.03* 

(1.04-1.06) 
d = 0.55 

10 m Sprint (s) 
1.83 ± 0.05 

(1.81-1.85) 

1.78 ± 0.05* 

(1.76-1.80) 
d = 0.45 

20 m Sprint (s)  
3.09 ± 0.07 

(3.06-3.12) 

3.05 ± 0.05* 

(3.03-3.07) 
d = 0.31 

Absolute (kg) 
125.4 ± 13.78 

(119.9-130.9) 

149.3 ± 16.62* 

(142.7-155.9) 
d = 0.62 

Relative (kg.kg
-1

) 
1.66 ± 0.24 

(1.56-1.76) 

1.96 ± 0.29* 

(1.84-2.08) 
d = 0.45 

*p < 0.001 

 556 
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 578 

 579 
 580 

Figure 1: Relationship between change in relative strength and change in 10 m sprint 581 

performance 582 

y = 5.7329x + 0.1198

R² = 0.6033
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