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Abstract 51 

Objective: The objective of this study was to examine the effects of an 8-week progressive 52 

resistance training program on hip joint muscles’ strength measures, using the Copenhagen 53 

adduction (CA) and the sliding hip (SH) exercises.  54 

Design: Prospective randomized controlled trial (RCT).  55 

Setting: Sport training and medical centers 56 

Participants: Forty-two young male football athletes (age 17.5±1.1 years; height 178.3±3.2 57 

cm; body mass 66.1±8.6 kg) allocated to a CA, SH and matched control (C) group. 58 

Interventions: Two weekly sessions of CA, SH  59 

Main Outcomes Measures: Maximal eccentric strength tests for both the hip adductor 60 

(EHAD) and hip abductor (EHAB) muscles, and the relative EHAD/EHAB ratio assessed 61 

through a break test in the side-lying position.  62 

Results: No significant differences between groups were found at baseline for any of the 63 

assessed variables (all P > 0.053). The CA group had a significant strength increase in the right 64 

and left leg (d = 2.11, d = 1.9, respectively). The SH group also had a significant strength 65 

increase in the right and left leg (d = 1.68 and d = 1.67, respectively). The CA group presented 66 

EHAD/EHAB improvements in the right and left leg (d = 0.84 and d = 1.14, respectively). The 67 

SH group also presented EHAD/EHAB improvements in the right and left leg (d = 1.34 and d 68 

= 1.44, respectively). 69 

Conclusions: Both exercises` protocols were effective in inducing significant increases on 70 

EHAD, EHAB and EHAD/EHAB ratio when compared to the control group. Practitioners 71 

should be aware of the training effectiveness of both protocols.  72 

 73 
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 75 



 76 

Introduction 77 

Groin injury is a frequent clinical condition in team sports, and in football it accounts for 8-78 

18% of all injuries 1. Hip adductor-related injuries are described as the typical groin injury, 79 

constituting 64-69% of all groin injuries 2, and also represent the second most common muscle 80 

injury among football players 3. The clinical interest around adductor-related groin injuries 81 

arises from their high incidence (rate 0.2-2.1/1000 h) 4 and severity 1 (classified as moderate or 82 

severe), which are reported to cause a mean absence from sport of 15 days 1, but with 40% of 83 

the athletes unable to compete in any football activity for more than 28 days after the injury 5. 84 

Evidence highlights strength deficits of the hip adductors, and strength asymmetries between 85 

the hip adductors and their antagonist abductors muscles, as intrinsic risk factors for sustaining 86 

adductor-related groin injury 6-8. Considering this background, enhancing hip adductor 87 

muscles’ strength in absolute terms and relative to their antagonists, appears to be a valuable 88 

intervention concerning prevention strategies 9-11. 89 

Recently, Esteve and colleagues 12 have summarized the effects of studies implementing groin 90 

injury prevention programs in randomized controlled trials (RCT). No significant groin injury 91 

prevention effect was found, but a clinically relevant reduction of 19% in groin injuries was 92 

reported. These outcomes might result from lack of specificity in the exercises` selection, which 93 

poorly addressed adductor muscles’ strengthening. As agreed upon at the Doha meeting on 94 

terminology and definitions in groin pain in athletes 4 more RCTs should focus on high-risk 95 

sports such as football; moreover, recommended prevention programs should target kinetic 96 

adaptations in the hip musculature matching the myodynamic characteristics of football 97 

activities. More importantly, the recruitment of a large and specific sample, represented by a 98 

population of young football players, may improve the current evidence, with special attention 99 

given to the adolescent period and the risk factors leading to hip-related groin injuries. The 100 



results of RCT implementing concurrent training protocols could guide practitioners in 101 

choosing the most suitable training method for prevention strategies.  102 

This study aimed to examine the effect of an 8-week progressive resistance training program 103 

on hip joint muscles’ strength measures, using and comparing the Copenhagen adductor (CA) 104 

and the sliding hip (SH) exercises in U16-19 elite football players. It was hypothesized that 105 

both CA and SH training would improve hip joint muscles’ strength measures compared to 106 

control subjects performing football training as usual. 107 

 108 

Methods 109 

Participants 110 

The sample size was estimated using the G*power software (v. 3.1, Heinrich-Heine- 111 

Universität, Düsseldorf, Germany) considering the hip adductors’ strength outcomes previously 112 

reported 13,14. Accordingly, the expected mean was set at 2.5 (Nm/kg) with a standard deviation 113 

(SD) of 0.3 (Nm/kg). Setting a minimal relevant EHAD difference of 15%, 80% power and a 114 

type-1 error risk of 5%, a sample size of eight participants for each group was adequate for 115 

detecting a large effect size. The study was conducted during the early in-season phase (August 116 

to October 2017), with the entire cohort involved in a weekly training plan including six football 117 

training sessions and one match. Forty-two young male football players (age 17.5±1.1 years; 118 

height 178.3±3.2 cm; body mass 66.1±8.7 kg), members of the U16, U17 and U19 teams, 119 

volunteered to participate in the study. Only players who participated in the full training were 120 

considered for inclusion. Exclusion criteria were: groin pain resulting in the loss of one or more 121 

football matches/training sessions in the preceding two months prior to study initiation; any 122 

longstanding injury (≥ six weeks) in the lower extremities or in the hip/groin in the preceding 123 

six months prior to study initiation. Additionally, players were excluded if they had pain > 2/10 124 

on a numeric rating scale (NRS) during the adduction or abduction strength tests. Furthermore, 125 



players were excluded from the analysis when a lack of adherence of 15% from the training 126 

sessions were reached, thus resulting in a compliance lower than 85%.  127 

 128 

Ethical Considerations 129 

The study followed Consolidated Standards of Reporting Trials (CONSORT) (Figure 1) and 130 

the findings are reported according to the Consensus on Exercise Reporting Template (CERT) 131 

guidelines 15. All procedures were conducted in accordance with the Helsinki Declaration. 132 

Ethical approval was obtained from the UCAM Ethics Committee (ID: 6710).  133 

 134 

Procedures 135 

A RCT with a cluster-randomized allocation to two intervention groups (CA and SH) and a 136 

matched control group (C) was designed. A blinded person with no involvement in the study 137 

made a computer-generated list (www.random.org) that was used to randomize the players. 138 

Accordingly, players members of the U16, U17 and U19 teams, were equally allocated to the 139 

three clusters. Baseline scores were used to exclude differences between the three groups due 140 

to the clusters` allocation. Pre-post assessments were used to compare the effects of the two 141 

intervention protocols on hip muscles’ strength measures and to investigate their effectiveness 142 

in comparison to the C. Study duration was 10 weeks and consisted of one week of pre-testing, 143 

eight weeks of specific training, and one week of post-testing. To isolate the effect of the two 144 

training protocols, the regular football training sessions were kept identical for all players 145 

independently to the group allocation. Players belonging to the C performed a time-matched 146 

protocol of mobilization exercises involving the lower limbs for the whole duration of the study. 147 

The tester was blinded to group allocation during the pre- and post-intervention testing. The 148 

coaches instructing the groups during the interventions were not blinded to the group 149 

assignment.  150 

http://www.random.org/


Outcome measures 151 

Prior to the strength measurements, the participants performed a 10 min standardized warm-up 152 

protocol including mobilization exercises and hip adduction and abduction muscles’ activation. 153 

Maximal eccentric strength assessment for the both hip adductor (EHAD) and hip abductor 154 

(EHAB) muscles was performed through a break test in the side-lying position according to the 155 

protocol and recommendations of Thorborg 14, by using a hand-held dynamometer 156 

(Commander™ Muscle Tester, JTech Medical, Midvale, Utah, USA). The intra-tester and intra-157 

day reliability study showed no systematic variation between the assessment trials. Intra-class 158 

correlation coefficient (ICC) and standard error of measurement (SEM) were, respectively, 159 

ICC=0.90 (0.86-0.94), SEM=5.7% for EHAD and ICC=0.89 (0.85-0.93), SEM=5.9% for 160 

EHAB, resulting in accordance with previous findings 14. Torque calculations were done using 161 

the EHAB and EHAD outcomes multiplied by the leg length, measured from the most 162 

prominent point on the anterior superior iliac spine to the most prominent point of the lateral 163 

malleolus 14. Torque values were normalized to body weight and reported as Newton-meters 164 

per kg body weight (Nm/kg). In addition, hip agonist/antagonist muscles’ strength ratio was 165 

calculated as EHAD/EHAB.  166 

 167 

Training intervention 168 

Training started one week after the baseline testing and consisted of two sessions per week of 169 

either CA or SH, performed over a period of eight weeks 13. During the same period, athletes 170 

allocated to the C performed a time-matched protocol of active mobilization exercises involving 171 

the lower limbs such as: hip flexion and extension with straight leg, hip internal and external 172 

rotations with the knee flexed approximately at 90 degrees, hip adduction and abduction with 173 

straight leg. In addition, the C avoided to perform any resistance training of the hip adductors 174 

during the study period. The CA is a partner exercise 16 where the player is lying on the side of 175 



the non-dominant leg with one forearm as support on the floor and the other arm placed along 176 

the body (Figure 2a). The SH was adapted from the sliding hip abduction/adduction exercise 177 

described by Serner and colleagues 16. The athlete stands with both legs on a plastic sliding pad, 178 

with trunk, hips and knees straight and hands placed in front of the chest on a stable supporting 179 

bar (Figure 2b). Both legs are abducted, and the center of gravity moves downward as much as 180 

controllably possible. After reaching the maximal distance and keeping the same position for 181 

two seconds, the legs are adducted, sliding back to the starting position. These exercises were 182 

implemented since they were shown to be effective in eliciting a normalized electromyography 183 

(nEMG) activity between 70% and 108% of a maximal voluntary contraction (MVC) in the hip 184 

adductor muscles 16. The number of sets increased from two in weeks 1-3 to three in weeks 4-185 

6 and four in weeks 7-8 17. The number of repetitions per set ranged from six in week one to 10 186 

in weeks three, six and eight (Table 1), for a progressive increase in total work load 13. 187 

Compliance and rating of perceived loading (RPE) were registered following each training 188 

session, and delayed onset of muscle soreness (DOMS) of the hip adductors with regard to the 189 

previous training session was registered the following day. The RPE was assessed using the 190 

Borg CR10 scale 18  and DOMS was assessed using an NRS of 0-10. All training sessions were 191 

supervised by three coaches and conducted before the regular football training. The duration of 192 

the protocols ranged between 6-12 min. 193 

 194 

Statistical analysis 195 

Baseline and post intervention values were presented as mean ± standard deviation (SD) and 196 

95% confidence interval (CI). A repeated measures analysis of variance (ANOVA) was used to 197 

test the main effects and interactions between each group and time on the dependent variables, 198 

with a post-hoc Bonferroni test performed when significant differences were detected. The 199 

Cohen’s d was used to assess effect size (ES) of the magnitude of difference for each of the 200 



training protocols with respect to the baseline scores, and interpreted according to Hopkins, 201 

Marshall, Batterham, Hanin 19. The alpha test level for statistical significance level was set at 202 

P ≤ 0.01. Statistical analysis was performed using SPSS Statistics 24 software (SPSS Inc., 203 

Chicago, IL, USA). 204 

 205 

Results 206 

Compliance in the intervention groups was 96.5±2.53% and 93.7±6.25% for the CA and the 207 

SH, respectively. At baseline no significant differences were found between the three groups 208 

for any of the assessed measures with all P > 0.053 (Supplemental data file 2). The comparisons 209 

between the two intervention protocols showed no significant differences throughout the whole 210 

intervention period, either for the DOMS (Figure 3) or for the RPE (Figure 4). The full data set, 211 

including baseline and post-intervention measures and associated statistics, are reported in the 212 

Supplemental data files 1-2. 213 

 214 

Hip muscles’ strength 215 

Both intervention groups improved on the primary outcomes following eight weeks, and there 216 

were significant differences in comparison to the C (Figures 5-6). In the CA group, a mean 217 

improvement of 45.8% and 49.4% (all p < 0.001) was reported for EHAD of the right and left 218 

leg, respectively. Similarly, the SH group had a mean improvement of 47.5% and 54.1% (all p 219 

< 0.001) for the right and left leg, respectively (Figure 5a).  220 

For EHAB, the CA group showed a statistically significant increase of 18.5% and 15.1% (all p 221 

< 0.01) on the right and left leg, respectively. Similarly, the SH group had a mean improvement 222 

of 13.3% and 10.3% (all p < 0.01) for the right and left leg, respectively (Figure 5b).  223 

Finally, significant increases for both intervention groups were also found for EHAD/EHAB 224 

ratio outcomes. The mean increase in the CA group ranged between 23.6% and 31.5%, and in 225 



the SH group between 32.1% and 41.7% for the right and left leg (all p < 0.001), respectively 226 

(Figure 6).  227 

 228 

Discussion 229 

This RCT confirmed our main hypothesis that eight weeks of progressive training with either a 230 

CA or an SH protocol, performed twice a week, is effective in inducing significant 231 

improvements on EHAD, EHAB and the EHAD/EHAB ratio when compared to a control 232 

group, thus suggesting their implementation in training regimens of young football players to 233 

potentially induce a preventive effect on groin injuries. 234 

These findings can be compared with those of other investigations, in order to account for the 235 

differences due to the protocols and methodologies used 13,20,21. In the study of Jensen et al.,20 236 

thirteen male football players successfully increased EHAD strength by 13% more than a 237 

matched control group following eight weeks of resistance training with an elastic band 238 

exercise. In the current study, the intervention groups demonstrated a significant increase in 239 

EHAD with average values of 47.6% and 50.8% following the CA and SH protocols, 240 

respectively. Previous evidence has shown the hip adductor elastic band exercise from the 241 

Jensen et al.`s study and the exercises employed in our investigation elicited similar hip 242 

adductor longus’ EMG amplitude responses 16. Therefore, the higher EHAD strength increases 243 

in the CA and SH groups may have depended on the greater loads experienced by the players, 244 

along with the greater muscle fascicle length utilized in performing the CA or SH exercises 245 

(Figure 2). From a biomechanical perspective, in resistance training with elastic bands, the 246 

muscle is most loaded when the band is in its stretched state. Exercises loading the entire range 247 

of motion may better enhance the muscle force-length relationship, since both the fascicle 248 

length and the magnitude of the loads at its terminal length represent critical conditions for 249 

inducing neuro-mechanical adaptations 17. Reasonably, the two intervention protocols may 250 



have produced adaptations which, in turn, led to greater enhancement in EHAD strength values. 251 

In a recent study, Ishoi et al.,13 reported a significant increase of 35.7% in EHAD strength in 252 

ten U19 football players, after eight weeks of training including the CA exercise. In our study, 253 

greater improvements at post-intervention time were found in the recruited cohort. A possible 254 

explanation may be the different time scheduling. While Ishoi and colleagues 13 implemented 255 

the CA protocol after the regular training sessions, in our study it was performed at the 256 

beginning of the practice. Very recently, Lovell, Knox, Weston, Siegler, Brennan, Marshall 22 257 

reported that a 12-week eccentric hamstring-strengthening program increased strength and 258 

EMG responses by a similar magnitude, irrespective of its scheduling relative to the football 259 

training session. Indeed, the time scheduling is unlikely to influence the magnitude of the effects 260 

on muscle strength enhancements per se, however the cumulative fatigue 23 and muscle damage 261 

effects 24 induced by regular football practices, together with a reasonable reduced subjective 262 

compliance and willingness in performing the CA post-training, may lead to limited 263 

adaptations. More interestingly, the greater effects in our study were induced by a lower training 264 

exposure and total training work load 13. In the current study, apart from the first three weeks 265 

of training, the total work load was 20-29% lower than in the corresponding protocol by Ishoi 266 

and colleagues (Table 1) 13. Moreover, these authors reported a total session training duration 267 

ranging from 10-15 min, while in the current investigation it ranged from 6-12 min. It is not 268 

surprising that the comparisons of the DOMS and RPE outcomes between the study by Ishoi et 269 

al.,13 and the current study highlighted lower subjective responses in both the RPE (Median: 3-270 

8; Range 1-10 vs. Median: 3-5; Range 0-7, respectively) and the DOMS (Median: 1-2; Range 271 

0-5 vs. Median: 0-2; Range 0-7, respectively) for the current investigation.  272 

Both intervention groups demonstrated a significant increase in EHAB (Figure 5b), which 273 

combined with a parallel greater increase in EHAD, also led to a significant interaction between 274 

group and time on the EHAD/ EHAB ratio (Figure 6). The underlying physiological 275 



mechanisms of such adaptations may be explained by the findings of Serner et al.,16 who 276 

reported an elicited EMG activity of 20% and 36% of the MVC in the hip abductors during the 277 

CA and SH exercises, respectively. The same investigation highlighted an even greater 278 

activation of the same muscles of the non-dominant leg, with values of 48% and 45% of the 279 

MVC during the CA and SH exercises, respectively. This suggests that the non-dominant leg is 280 

also loaded, and that the cumulative load may have been sufficient to induce a strengthening 281 

effect 16. From a mechanical perspective, during the CA exercise, the hip abductor musculature 282 

of both lower limbs contract isometrically in supporting a considerable load due to the body 283 

weight 21, and trying to keep a stable and aligned position of the trunk and the pelvis 16. 284 

Throughout the SH execution, it is likely assumable that the athletes experienced a great effort 285 

when gradually moving their center of gravity downward with both legs sliding outward. In 286 

fact, the mechanical load in performing the SH is quantifiable as the product of normal force 287 

(N) generated by the athlete`s body mass (m), the acceleration of gravity (g) and either the static 288 

(μs) or kinetic (μk) coefficients of friction exhibited between the two contacting surfaces such 289 

as the plastic pad and the field ground. Considering the SH starting position (Figure 2b), the 290 

athletes had firstly to overcome the maximum possible force (F = N·μs), and then making their 291 

body move downward and causing sliding to occur. Altogether, these evidence and mechanical 292 

assumptions suggest that the prolonged workload demanded from the hip abductor in 293 

performing the CA and SH exercises 21 can be considered to be conducive of muscle strength 294 

gains 25. Accordingly, although the primary target of the CA and SH exercises is to address hip 295 

adductors’ muscles strengthening, a parallel contextual effect on the antagonist abductor 296 

muscles should be considered as well. This is confirmed by the very low EHAB strength 297 

increase in the C group (Figure 5b). The average mean difference in EHAB values between 298 

both the CA group and the SH group compared to the C group ranged from 5.2% to 12.3%. The 299 

low EHAB increase in the C group in our study is in contrast to the control group in the study 300 



by Jensen et al.,20 who demonstrated a significant increase in EHAB strength of 21%. However, 301 

while that study was conducted during the preseason period with likely lower baseline EHAB 302 

strength measures, the current study was conducted during the in-season period, which might 303 

explain the discrepancy in EHAB gain in the control groups. Indeed, a moderate but yet 304 

significantly greater increase may have necessarily occurred due to the CA and SH exercises in 305 

the current study. From an injury prevention perspective, increases in the EHAB and 306 

EHAD/EHAB ratio may have potential injury-preventive effects and practical applications 26. 307 

The Doha agreement 4 stated that not only absolute hip adduction strength level reductions are 308 

associated with an increased risk of groin injury in athletes, but also the relative strength level 309 

to abduction and low EHAD/EHAB ratio. Moreover, strengthening the hip abductors and 310 

providing muscular stability for the hip and groin region may also prevent other lower limbs` 311 

injuries 27.  312 

Altogether, these findings may have positive and immediate implications for the 313 

implementation of CA and SH exercises into in-season training routines. The short duration of 314 

the two protocols of a maximum of 72 repetitions per side, and up to 12 min for execution twice 315 

weekly, may likely improve coaches’ acceptance 28. The low levels of RPE and DOMS may 316 

also support high compliance, which is necessary for the efficacy of the training interventions. 317 

We therefore recommend the training progression used in the current study be followed, and 318 

that either the CA or the SH exercises prior to football training be performed, since optimum 319 

adaptations may be achieved and detrimental effects due to potential post-exercise muscle 320 

fatigue may be avoided. In addition, the increased EHAD/EHAB ratio could also potentially 321 

enhance the preventive effect on groin injuries. 322 

A possible limitation of this study could derive from the adopted research design, which used 323 

a homogeneous group of youth football players, thus limiting the opportunity to make broader 324 

generalizations to other populations such as adult athletes, different playing levels or gender. 325 



However, our study included three clusters of young players from the same club who followed 326 

a similar weekly training plan, comparable training exposure and even similar training loads, 327 

due to a common training methodology dictated by the technical staffs. This may have reduced 328 

the risk of a type-1 error 29 and inflation factors, and likely provided meaningful conclusions 329 

with practical applications. In addition, the RCT design with cluster randomization may have a 330 

limited possible bias and associated contamination interfering with the effect of the intervention 331 

30.  332 

In conclusion, eight weeks of progressive resistance training including either CA or SH 333 

protocols is effective in increasing the strength levels of the hip adductor and abductor muscles 334 

in youth elite football players. Both training protocols elicited an increase in EHAD and EHAB, 335 

as well as improved the EHAD/EHAB ratio when compared to a matched control group. Given 336 

that low adductor muscle strength levels and strength asymmetries between the adductor 337 

muscles and the antagonist abductors have been targeted as intrinsic risk factors for groin-338 

related injuries, both the CA and SH exercises could be implemented in the training regimens 339 

of young football players to potentially induce a preventive effect on groin injuries. 340 

 341 
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Figure legends 443 

Figure 1. Consolidated Standards of Reporting Trials (CONSORT) flow diagram. CA, 444 

Copenhagen adductor; SH, Sliding hip; C, Control.  445 

 446 

Figure 2. The Copenhagen adductor (CA) and sliding hip (SH) exercises. The start (a) and end 447 

(b) point positions.  448 

 449 

Figure 3. Delayed onset of muscle soreness (DOMS) on both intervention groups following 450 

each training session and measured on a numeric rating scale (0-10). Data are reported as 451 

median and range 452 

 453 

Figure 4. Rating of perceived effort (RPE) of both intervention groups following each training 454 

session and measured with the Borg CR10 scale. Data are reported as median and range. 455 

 456 

Figure 5. EHAD (a) and EHAB (b) pre-to-post changes following the Copenhagen adductor 457 

(CA), Sliding hip (SH) and control (C) interventions. Notes: “*” indicates significant within-458 

group differences; “#” indicates significant interaction between group and time. Statistical 459 

significance level was set at p ≤ 0.01. 460 

 461 

Figure 6. EHAD/EHAB ratio pre-to-post changes following the Copenhagen adductor (CA), 462 

sliding hip (SH) and control (C) interventions. Notes: “*” indicates significant within-group 463 

differences; “#” indicates significant interaction between group and time. Statistical significance 464 

level was set at p ≤ 0.01. 465 
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