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BACKGROUND  
This study implemented the Copenhagen Adductor Exercise (CAE) and Nordic Hamstring 
Exercise (NHE) to examine 1) whether CAE and NHE interventions are associated with 
adductor and hamstring strength gains in youth African male soccer players and 2) 
whether strength changes after a rest period and secondary intervention. 

STUDY DESIGN   
Pre-post intervention study. 

METHODS  
Forty-four African elite male academy players (age 14.7±1.5 [12-18] years) participated in 
twice weekly CAE and NHE interventions for 8- and 10-week periods separated by a 
4-week rest. Long lever adductor squeeze strength and prone isometric hamstring 
strength were measured with mixed-effects linear regression models to observe strength 
changes over time. 

RESULTS  
Ninety-six and 95% of CAE and NHE sessions were completed in each intervention, with 
no adverse events related to the execution of the exercises. Adductor squeeze strength 
increased during the first intervention (baseline 3.23 [2.99-3.47] N/kg, post-intervention 
3.53 [3.30-3.76] N/kg, p=0.911) and was maintained following the rest period (3.52 
[3.27-3.76] N/kg, p=0.999) and second intervention (3.60 [3.35-3.84] N/kg, p=0.002). 
Hamstring strength improved during the first intervention (baseline 4.95 [4.42-5.49] N/
kg, post-intervention 5.48 [4.95-6.02] N/kg, p<0.001), decreased to baseline during the 
rest period (4.98 [4.44-5.53] N/kg, p=0.996), and did not improve during the second 
intervention (5.01 [4.46-5.55] N/kg, p=0.978). 

CONCLUSION  
CAE and NHE interventions can be implemented at an elite African academy with high 
compliance. Adductor and hamstring strength improved in the first intervention, with no 
further improvements in the second intervention. Secondary interventions therefore 
should include higher exercise volume or load to improve longitudinal adductor and 
hamstring strength. 
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Level of Evidence    
Level III (Cohort Study) 

INTRODUCTION 

In African soccer (football) players, general injury risk re-
duction strategies have been successful with interventions 
such as the FIFA 11+.1,2 Although general injury risk was 
reduced by 41% and 55-71% in these studies, a significant 
reduction to injuries in the thigh1 and thigh/groin2 were 
not observed. Despite lacking injury prevalence studies in 
African players, it is known from other regions that groin 
and hamstring injuries are common in soccer players.3,4 

To target the groin and hamstrings more specifically, in-
jury risk reduction strategies have been recommended in 
soccer players outside West Africa. The Copenhagen Ad-
ductor Exercise (CAE) and Nordic Hamstring Exercise 
(NHE) have been studied, with randomized controlled trials 
in European soccer players showing a significant reduction 
in groin and hamstring injuries, respectively.5,6 Adding the 
CAE to the FIFA 11+ improves adductor strength,7 and has 
also been promoted as an addition to the FIFA 11+ by Foot-
ball Australia’s Perform+ initiative.8 One study in Japanese 
soccer players even suggests combining the CAE and NHE 
is more effective at reducing adductor injuries than im-
plementing the CAE alone.9 The only African NHE inter-
vention study shows a 70% reduction in hamstring injuries 
compared to the previous season in Egyptian players, show-
ing promise for other interventions on the continent.10 

Injury risk reduction using the CAE and NHE may be at-
tributed to increases in adductor and hamstring strength, 
respectively.5,6 Following CAE intervention, under-19 soc-
cer players improved eccentric hip adduction strength by 
36%.11 In the adductors, every unit (Nm/kg) of increased 
long lever adductor squeeze strength reduced injury risk by 
35% in Spanish soccer players.12 In amateur male soccer 
players, a ten-week in-season NHE intervention improved 
peak eccentric hamstring strength by 19%,13 and lower than 
2.4 Nm/kg eccentric hamstring peak torque has been asso-
ciated with higher injury risk.14 

No studies have examined adductor and hamstring 
strength longitudinally in West African soccer players. First 
examining whether the CAE and NHE can elicit strength 
gains in this population is necessary before recommending 
the interventions for injury risk reduction in West African 
soccer players. Further, strength booster periods have been 
suggested to counteract potential strength decay during the 
season,15 but no studies have explored this yet. Therefore, 
the authors also examined what happens to adductor and 
hamstring strength following a rest period and second in-
tervention period to see if the CAE and NHE may have fur-
ther beneficial and longitudinal effects on strength. 

This study aims to implement the Copenhagen Adductor 
Exercise (CAE) and Nordic Hamstring Exercise (NHE) to ex-
amine 1) whether CAE and NHE interventions are associ-
ated with adductor and hamstring strength gains in youth 
West African male soccer players and 2) whether strength 
changes after a rest period and second intervention. 

METHODS 

All male players from the U14, U16, and U18 squads from 
one elite West African soccer academy were included. Play-
ers were excluded if a time-loss injury was present during 
a testing date. Data were collected in the summer and fall 
of 2021 on-site at the academy. This study was approved 
by the University of Ghana College of Health Sciences Ethi-
cal and Protocol Review Committee and all participants had 
a parent/guardian sign consent. The study was conducted 
in accordance with the ethical standards in the Declaration 
of Helsinki. This population was chosen to further broaden 
the scope of sport and exercise medicine research in under-
studied geographical regions. 

INTERVENTION PERIODS 

The primary intervention period was eight weeks, followed 
by a four-week rest period, and a secondary ten-week inter-
vention period. The rest period included no formal strength 
program or soccer training. The intervention periods in-
cluded twice weekly exposures of the CAE and NHE in addi-
tion to normal soccer participation. A linear periodization 
program was followed with increasing weekly volume every 
two weeks: CAE (2x6, 2x8, 2x10, 2x12) and NHE (2x6, 3x5, 
3x6, 3x8) (Figure 1). Harøy et al.7 demonstrated 470 repeti-
tions over eight weeks leads to injury risk reduction and ap-
proximately 10% adductor strength gain. The present study 
employed a similar dosage in the first intervention, with 
576 CAE repetitions over eight weeks. The CAE was per-
formed with a concentric:eccentric ratio of 1:1, with each 
phase of the exercise spanning 2-3 seconds. The NHE was 
performed as slowly as possible while maintaining forward 
movement. The work: rest ratio was approximately 1:1, as 
the players rested while assisting their partner in the exer-
cise. 

The CAE was performed as previously described.5 Players 
partnered with a teammate of similar body mass to stabilize 
the static limb, and repetitions were counted aloud by the 
group. The NHE intervention was also performed as previ-
ously described, with the resting partner holding the ankles 
of the exercising player.6,16 For all intervention sessions, 
at least one physiotherapist was present (MDD, MNH, PW) 
who instructed the exercise and tracked adherence. All in-
terventions occurred prior to training, either in association 
with the warmup on the pitch or in a gym session. Adverse 
events were defined as time-loss injury related to the ad-
ductor and/or hamstring during the study period. 

SOCCER EXPOSURE 

Soccer exposures were tracked for each team during the in-
tervention periods. The U14 squad trained four days per 
week, and the U16 and U18 squads trained five days per 
week. The first two weeks of each intervention period were 
“preseason” with a gradually increasing volume of soccer 
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Figure 1. Participant flow (n=44).    
Two intervention sessions per week (sets x repetitions). NHE, Nordic hamstring exercise. CAE, Copenhagen adductor exercise. Total per first intervention period: CAE 288 repetitions 
each side, NHE 276 repetitions. Total per second intervention period: CAE 384 repetitions each side, NHE 372 repetitions. *Players who entered the second intervention period after 
being promoted to the U14 squad. **Players who exited after the first intervention period (graduated from academy n=12, unrelated injury n=1). 

participation (three sessions in week one, four sessions in 
week two). A training deload week occurred in week six, 
with all squads participating in three training sessions and 
no matches. All other training weeks included training ses-
sions and one match. 

TESTING PROCEDURES 

Outcome measures were performed prior to and after each 
intervention period (four total). To minimize post-soccer 
fatigue, all testing sessions were performed in lieu of soccer 
training on that day. The day prior to testing was always an 
off-day to mitigate the effects of fatigue from soccer partic-
ipation, although the end-of-intervention testing dates oc-
curred on a matchday plus two. All players had previous ex-
posure to the CAE and NHE prior to the study period. Long 
lever adductor squeeze strength and prone isometric ham-
string strength were captured using the microFET2 digital 
handheld dynamometer (Hoggan Scientific LLC, Salt Lake 
City, Utah, USA). The long lever adductor squeeze strength 
test has good reliability (intra-class coefficient 0.95 
[0.87-0.98], standard error of measurement 3.2% [1.9-5.1%], 
minimal detectable change 6.6%.17 Long lever adductor 
squeeze strength was measured as an iteration of the five-
second squeeze test by adding a handheld dynamometer 
component.18,19 The squeeze width was the tester’s fore-
arm (MDD) plus the handheld dynamometer placed in the 
tester’s palm. Each player was instructed to squeeze iso-
metrically for five seconds with maximal effort using the 
verbal cue “ready-go-1-2-3-4-5-and relax”. Three five-sec-
ond isometric repetitions were collected with sixty seconds 
of rest between each. The highest squeeze score was used 
for data analysis. 

Prone isometric hamstring strength was measured iso-
metrically with a rigid, external belt attached to the hand-
held dynamometer, using the protocol established by Ishøi 
et al.13 The testing leg was placed in approximately 15 de-
grees knee flexion, with the dynamometer placed on the 
posterior shank 5 cm proximal to the lateral malleolus. The 
standardized verbal cue used was “ready-3-2-1-go-push-
push-push-and relax”. Each player performed three trials 
with 60 seconds of rest between repetitions, and the high-
est output from the three trials was used for data analysis. 
Hamstring strength was collected one limb at a time, and 
an average of the maximal efforts from the left and right 
limbs were used for analysis. 

STATISTICAL ANALYSES 

Isometric hamstring strength and adductor squeeze 
strength were used as two separate outcome variables. All 
statistical analyses were performed using R.20 Two mixed-
effects linear regression models (one for hamstring, one for 
adductor) were developed with time and mass as fixed fac-
tors and player and team as random factors (random inter-
cepts). Time was included in the models at four points: start 
of first intervention, end of first intervention, start of sec-
ond intervention, and end of second intervention. The lm4e 
package was used: 

lmer (Strength Measure ~ time + mass + (1|participant) + 
(1|team), data = data) 

Assumptions were checked for each model using the per-
formance package with the check_model function. None of 
the models violated any assumptions. 
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Table 1. Participant descriptive data (n=44).     

Start – 
Intervention 1 

End – Intervention 
1 

Start – 
Intervention 2 

End – 
Intervention 2 

p (Start to 
End) 

Age (years) 14.7±1.5 
[12-18] 

14.8±1.4 
[12-18] 

14.9±1.3 
[12-18] 

15.0±1.4 
[12-18] 

<0.001 

Height (cm) 168.2±9.1 
[145-186] 

168.9±8.8 
[146.5-187] 

169.4±8.6 
[147-187] 

170.6±8.3 
[149-187] 

<0.001 

Body Mass 
(kg) 

56.9±9.7 
[40.3-75.4] 

59.5±9.9 
[39.7-79.5] 

59.1±9.3 
[41.1-77.1] 

60.1±9.3 
[41.5-77] 

<0.001 

RESULTS 

Sixty-seven players participated in at least one intervention 
period. Twelve players were not eligible for the first inter-
vention because they had not yet been promoted to the U14 
squad. Thirteen players missed the second intervention pe-
riod due to graduation from the academy (n=12) or injury 
unrelated to the adductors or hamstrings (n=1). In total, 44 
players (age 14.7±1.5 [12-18] years) completed the two in-
tervention periods and were included in the present study 
(Table 1). Age, height, and body mass increased in the 
group over the course of the entire 22-week study period. 
The players’ countries of origin were Ghana (n=28) and 
Ivory Coast (n=16). 

Players were consistently compliant with performing the 
interventions under the direct supervision of a physiother-
apist. Ninety-six percent of all sessions were completed in 
the first intervention, and 95% in the second intervention 
period. No adverse events related to the execution of the in-
terventions occurred, but eight groin injuries with minimal 
time-loss (1-3 days) and two with moderate time-loss (8-28 
days) occurred during the study period. There were no ham-
string injuries recorded during the intervention period. 

ADDUCTOR SQUEEZE STRENGTH 

Mean and 95% confidence intervals at each timepoint are 
provided in Table 2, including comparisons between each 
timepoint. Adductor squeeze strength increased during the 
first intervention period (mean difference: 0.30 N/kg; 
p=0.011) and was maintained during the four-week break 
period (mean difference compared to end of first interven-
tion: -0.01; p=0.999). At the start of the second interven-
tion period, adductor squeeze strength was higher than at 
the start of the first intervention period (mean difference: 
0.29 N/kg; p=0.022). Adductor squeeze strength did not in-
crease during the second intervention period (mean differ-
ence 0.08 N/kg; p=0.818). From the start of the first in-
tervention to the end of the second intervention, adductor 
squeeze strength improved (mean difference: 0.37 N/kg; 
p=0.002). The increase in adductor squeeze strength dur-
ing the first intervention period (8.9%) and from the start 
of the first intervention to the end of the second interven-
tion (10.8%) exceed the minimal detectable change for long 
lever adductor squeeze strength. 

ISOMETRIC HAMSTRING STRENGTH 

Mean and 95% confidence intervals are included in Table 
2, including comparisons between each timepoint. Ham-
string strength improved during the first intervention pe-
riod (mean difference 0.528 N/kg; p<0.001) and decreased 
during the four-week break period (mean difference -0.501 
N/kg; p=0.001). At the start of the second intervention pe-
riod, there was no difference from the start of the first in-
tervention period (mean difference -0.028 N/kg; p=0.996). 
Hamstring strength did not improve during the second in-
tervention period (mean difference 0.023 N/kg; p=0.997). 
From the start of the first intervention to the end of the 
second intervention, no significant improvement in 
strength was observed (mean difference 0.051 N/kg; 
p=0.978). 

DISCUSSION 

This study examined the implementation of the CAE and 
NHE in a West African soccer academy and looked upon 
whether CAE and NHE interventions are associated with 
adductor and hamstring strength gains in youth West 
African male soccer players during the season. Under su-
pervision, players were compliant (96% and 95% in each in-
tervention period), and no adverse events related to the ex-
ecution of the exercises occurred. Overall, adductor squeeze 
strength improved in the first intervention period, was 
maintained during the rest period, and was unchanged in 
the second intervention, whereas hamstring strength in-
creased in the first intervention, decreased to baseline dur-
ing the rest period, and was unchanged in the second inter-
vention. 

Adductor squeeze strength improved 10.8% from base-
line to the end of the study period. Isometric hamstring 
strength increased in the first intervention, decreased to 
baseline during the rest period, and was unchanged in the 
second intervention (+1.2% change from start to end of 
study period). Although studies have considered injury risk 
reduction in African soccer players,1,2,10 no studies have 
observed possible strength changes following CAE and NHE 
interventions. During the first intervention period, adduc-
tor squeeze strength and isometric prone hamstring 
strength each improved. This aligns with studies of the 
CAE and NHE in other regions, where strength improve-
ments have also been observed.5,11 Improving strength in 
the adductors and hamstrings may benefit soccer perfor-
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Figure 2. Adductor squeeze strength (N/kg) throughout the study period. Individual players represented by black              
lines and group average indicated by the red line.          
A significant increase occurred from Start of Term 1 to End of Term 1 (p=0.01, 9.3% increase). 

Table 2. Changes in adductor squeeze strength and hamstring strength between timepoints statistically            
significant at p<0.05 in bold; data presented as mean [95% confidence interval].             

Adductor squeeze strength 

Timepoints Mean Difference Significance Percent Change 

First Intervention 
Start I End I 

0.302 0.01 9.29% 3.23 [2.99-3.47] 3.53 [3.30-3.76] 

Rest Period 
End I Start II 

-0.014 0.999 -0.28% 3.53 [3.30-3.76] 3.52 [3.27-3.76] 

Second Intervention 
Start II End II 

0.081 0.818 2.27% 3.52 [3.27-3.76] 3.60 [3.35-3.84] 

Total Study Period 
Start I End II 

0.369 0.002 11.46% 3.23 [2.99-3.47] 3.60 [3.35-3.84] 

Hamstring strength 

Timepoints Mean Difference Significance Percent Change 

First Intervention 
Start I End I 

0.528 <0.001 10.71% 4.95 [4.42-5.49] 5.48 [4.95-6.02] 

Rest Period 
End I Start II 

-0.501 <0.001 -9.12% 5.48 [4.95-6.02] 4.98 [4.44-5.53] 

Second Intervention 
Start II End II 

0.023 0.997 0.60% 4.98 [4.44-5.53] 5.01 [4.46-5.55] 

Total Study Period 
Start I End II 

0.051 0.978 1.21% 4.95 [4.42-5.49] 5.01 [4.46-5.55] 

mance and also be an underlying mechanism for injury risk 
reduction in the adductors and hamstrings.12,14 Therefore, 
primary interventions of the CAE and NHE to improve ad-

ductor and hamstring strength in West African soccer play-
ers may be beneficial. 
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Figure 3. Isometric hamstring strength (N/kg) throughout the study period.         
Individual players represented by black lines and group average indicated by the red line. Significant increase from Start of Term 1 to End of Term 1 (p<0.001, 10.7%), and decrease 
from End of Term 1 to Start of Term 2 (p<0.001, -9.2%). 

During four weeks of rest from soccer and strength in-
terventions, adductor squeeze strength was maintained but 
hamstring strength reduced to baseline. Strength reduc-
tions with detraining can be expected. With the NHE, de-
creases in strength following detraining have been re-
ported,21 even with a detraining period of one week.22 With 
the CAE, detraining periods have reduced adductor longus 
muscle thickness in sub-elite soccer players and other 
recreational athletes.23 However, the present study did not 
demonstrate strength declines during the detraining period 
for the adductors. Previous studies found that adductor 
strength was weakest at start of preseason and after a mid-
season break,24,25 suggesting adductor strength may im-
prove with soccer exposure. Therefore, it is unclear why 
the adductor strength in the present study did not decrease 
during a detraining period without soccer participation or 
the CAE intervention. Perhaps the high training load of the 
players (5-6 days per week) coupled with CAE elicited an 
overloading of the adductors. Adductor strength can be de-
creased for up to 72 hours following a match,26 and a pe-
riod of match congestion led to nearly three-quarters of 
Australian youth players demonstrating reduced adductor 
squeeze strength.27 If the players in the present study were 
overloaded during the first intervention period, it is possi-
ble that the rest during the detraining period was advanta-
geous for strength. 

During the second intervention, neither adductor 
squeeze strength nor isometric hamstring strength im-
proved. The secondary intervention may have lacked nov-
elty to induce neuroplastic changes and/or sufficient pro-
gressive overload to induce hypertrophic changes. The 
linear periodization from the first intervention was re-

peated in the second intervention, and it is possible that 
this repeated stimulus was not novel enough to elicit 
strength gains. It is also possible that adductor strength 
had plateaued at this stage, and the interventions provided 
maintenance of strength. Strength maintenance may be 
beneficial during a competitive season when the physical 
demand is high. For hamstring strength, however, no im-
provements from baseline to the end of the second inter-
vention period may indicate an insufficient longitudinal 
stimulus of the NHE. In one NHE study where high-volume 
and low-volume interventions were compared, no strength 
gains are observed from mid-intervention to post-interven-
tion; however, this study has only two weeks rest between 
intervention periods and no stoppage in soccer participa-
tion.28 To overcome a plateau in strength, adjusting the 
periodization in a secondary intervention may provide a 
boost.15 

Compliance is often a barrier to effective interventions. 
In one survey study, more than 80% of UEFA Champions 
League and Norwegian Tippeligaen teams failed to adopt 
the NHE as an injury risk reduction tool.29 Despite 85% 
of Dutch amateur male soccer players having knowledge of 
the NHE and 93% of the club medical staffs believing the 
NHE is effective, 69% of players reported never perform-
ing the exercise.30 The present study, supported by supervi-
sion of all intervention sessions, shows that high adherence 
can be achieved in youth soccer players. In the long-term, 
placing emphasis and promoting adherence to these exer-
cise programs may aid future first team players and staff to 
understand their importance. Staff who invest in CAE and 
NHE interventions should supervise sessions to improve 
compliance. 
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When a new intervention is introduced to a population, 
it is important to consider whether any adverse events may 
occur. In this study no adverse events related to the execu-
tion of the intervention occurred. During the intervention 
period eight minimal time-loss (1-3 days) and two moder-
ate time-loss (8-28 days) adductor injuries occurred which 
is lower or within what is to be expected at this level. It was 
very positive that there were no cases of long-standing or 
severe time-loss adductor cases, and no hamstring injuries, 
as these injuries both may pose a high burden on young 
soccer players.31 The CAE and NHE exercises, thus seems to 
be safe interventions to implement in West African acad-
emy soccer players. 

CLINICAL IMPLICATIONS 

Although previous studies have shown lacking compliance 
for the CAE and NHE, these interventions can be effectively 
implemented under supervision in West African academy 
soccer players. Developing stronger adductors and ham-
strings may be advantageous for soccer players, as these 
muscle groups experience high demands during soccer ac-
tions such as high-speed running, kicking, and cutting.32 

Although a direct link to injury risk reduction cannot be 
made with the current study design, the CAE and NHE can 
increase adductor and hamstring strength, which has been 
shown to mitigate both adductor and hamstring injuries.5,6,
14,33 

Adductor squeeze strength improved 8.9% during the 
first intervention and 10.8% from the start to end of the 
study period, indicating that meaningful detectable change 
(>6.6%)17 occurred. Maintained improvements in adductor 
squeeze strength throughout the study period are evident, 
although strength did not further increase during the sec-
ond intervention period. CAE interventions should be im-
plemented in academy soccer populations. If additional 
longitudinal strength gains are desired, perhaps a novel 
stimulus could be added to the CAE such as increasing the 
exercise volume, adding external load, or increase the time 
under tension during the eccentric phase (3:1 eccentric-to-
concentric ratio). 

Hamstring strength initially improved (+10.2% in the 
first intervention), suggesting the dosage of the NHE was 
sufficient to create strength changes. However, hamstring 
strength returned to baseline during the rest period and did 
not increase in the second intervention period. Perhaps on-
going hamstring strength exercises during breaks from soc-
cer training seems important to maintain strength. To pro-

mote more longitudinal hamstring strength gains, a novel 
stimulus should be introduced. This may be achieved by al-
tering the periodization of the programming, adding band-
assistance to increase time under tension,34 or include 
other hamstring-related demands such as a linear sprinting 
program.35 

LIMITATIONS 

Because the study was conducted in an applied soccer set-
ting, no control group was included to consider whether 
injury risk reduction may have occurred. Additionally, no 
non-soccer control group was included to differentiate be-
tween strength changes attributed to the intervention com-
pared to soccer exposure itself. Soccer participation seems 
to influence adductor strength independent of the CAE, as 
adductor strength differed 27% between U13 and U15 Dan-
ish soccer players even when normalized to body mass.36 

The present study controlled for maturation using only val-
ues relative to body mass and did not capture leg length 
to examine torque. A future multifactorial approach should 
examine CAE and NHE interventions in conjunction with 
soccer training load and maturation status to better under-
stand the interplay between these factors. 

CONCLUSION 

CAE and NHE interventions can be implemented at a West 
African soccer academy with high compliance and no ad-
verse events. These exercises improve adductor and ham-
string strength the after an eight–week intervention period, 
with no further improvements in adductors and a decrease 
in hamstring after second intervention period. Secondary 
interventions during the season therefore may need higher 
exercise volume or load if the goal is to improve longitu-
dinal adductor and hamstring strength gains in academy 
players throughout the season. 
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