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Abstract: Background: The purpose of this study was to systematically review the scientific literature
about the benefits of using the Copenhagen Adductor (CA) exercise to improve eccentric hip adduction
strength (EHAD), as well as to provide directions for training. Methods: A systematic search was
conducted in three electronic databases following Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines. The inclusion criteria were: (a) EHAD as outcome variable,
with means and standard deviations before and after the intervention, (b) the study was a randomized
controlled trial using the CA in the program intervention, (c) the article was written in English.
The quality of evidence was evaluated according to the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) guidelines. A mini meta-analysis was performed to determine
the overall effect. Results: Three studies were selected and included in this systematic review and mini
meta-analysis. All articles reported significant enhancement in EHAD in football (soccer) players.
The overall effect for the EHAD test was significant in favor to CA group (mean difference = 0.61;
95% CI from 0.20 to 1.01; p = 0.003) with large heterogeneity. Conclusions: CA exercise performed
2–3 times for 8 weeks is useful for improving EHAD in football players.
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1. Introduction

Muscle injuries are common in many sports, such as basketball [1], rugby [2], football [3], tennis [4],
track and field [5]. Muscle injury can represent more than 40% of total injuries in football [3,6], and track
and field [5]. Ice hockey and football are susceptible to many adductor muscle strains [7]. In this
regard, the adductor injury is the second most common muscle injury among football players [3] and
is associated with lost competition time [8]. Therefore, intervention programs aimed to reduce the
incidence of adductor muscle injuries are recommended.

The low level of adductor muscle strength has been linked to the possibility of suffering an injury
for instance in ice hockey, where the muscle strength ratio between adduction and abduction has been
reported as a risk factor [9]. Tyler et al. also found that adduction strength was lower (18%), during the
preseason in players who sustained groin strains compared with uninjured players [9].
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Furthermore, large adductor eccentric contraction demands in sports training and competition
seem to be one of the reasons to have a high prevalence of adductor injuries [10]. Thus, many different
exercises have been included in preventive programs [11,12] focused on improving adductor strength,
in order to avoid injuries and limit the amount of losing time in competition [13] including, among
others, adduction partner, hip adduction with an elastic band, isometric adduction, sliding hip
abduction/adduction exercise, side-lying adduction and the Copenhagen adduction (CA) exercise.

The CA exercise is a dynamic high-intensity exercise that does not require equipment and can be
easily performed on-field and at any training facility [14]. It is an eccentric partner exercise performed
to outer range of motion, the player who is exercising is in a side-lying position using the forearm
as support on the floor, the other arm is placed along the body, the upper leg is held by the partner,
approximately at the height of his hip, with one hand on the ankle and the another one on the knee.
Then, the player must raise the body from the floor, around 3 s concentric hip adduction, until the
body is in a straight line, so the feet are touching each other. Then the body is lowered halfway to the
ground, around 3 s eccentric adduction, until touching the floor without using it for support [12].

Although the high prevalence of adductor injuries and the potential benefits of the CA exercise,
to our knowledge there are no meta-analyses aimed to analyze the effect of CA on eccentric hip
adduction strength (EHAD). Therefore, the purpose of this study was to systematically review the
scientific literature about the effect of CA on EHAD and to provide practical recommendations for
training. Besides, a mini meta-analysis was carried out to determine the effect sizes of CA on EHAD.

2. Materials and Methods

The review was conducted following the statements of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guidelines (PRISMA) [15].

2.1. Literature Search

To find the studies reported in this review, several electronic databases were screened: PubMed
(Medline), Web of Science (which includes other databases such as Current Contents Connect, Derwent
Innovations Index, Korean Journal Database, Russian Science Citation Index and SCIELO citation
index) and Google Scholar. The searches were limited to studies published up to and including
2 March 2020. The search terms were: (a) the type of exercise (“Copenhagen adduction”) and (b) the
word (“randomized”). The search was conducted using the type of exercise and the word separated
by the Boolean operator “AND”. Figure 1 shows the flow chart for selection of studies according to
PRISMA statements.

2.2. Study Selection

The inclusion criteria were: (a) EHAD as outcome measure, reporting means and standard
deviations (SD) before and after the intervention, (b) the study was a randomized controlled trial (RCT)
using the CA in the program intervention, (c) the article was written in English. Two independent
authors selected the potentially eligible articles from the databases. There were no disagreements.

2.3. Quality of the Evidence

The quality of the evidence was categorized using the Grading of Recommendations, Assessment,
Development and Evaluation (GRADE) approach [16]. The evidence of the effects on EHAD was
initially classified as “high quality” due to all the selected articles were RCT, but the evidence was
downgraded once because of the small sample size and once because of the potential risk of bias.
Therefore, the final quality of the evidence was low.
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2.4. Data Collection

Two authors independently extracted data from the studies. The information included:
participants, interventions, comparisons, outcomes, and study design (PICOS), following the
recommendations from the PRISMA statement. Table 1 shows age, sex, sample size and condition
of the participants. Table 2 presents intervention and the comparison groups, including the type of
training intervention, duration of the study, sessions per week, number of sets, repetitions, weekly
volume and when the intervention was performed during the season. Figure 2 displays results for the
different outcomes. The study design was not included in any table because all studies were RCT.

2.5. Statistical Analysis

The primary outcome of this mini meta-analysis was the EHAD test. Figure 2 displays the results
of each study on this variable. All analyses were performed using the Review Manager Software
(RevMan, 5.3, Cochrane Collaboration, Oxford, UK). The analysis method used was inverse variance
and random effects due to the heterogeneity of articles [17]. The mean difference was used for EHAD.
The results obtained where represented with a confidence interval (CI) of 95%. Heterogeneity has
calculating by the I2 statistic model and for the overall effect, Z-test was used [18,19]. Although there
is no consensus about the definition of “mild”, “moderate” or “severe” heterogeneity, Higgins and
Thompson suggested that H values exceeding 1.5 might indicate severe heterogeneity, while values
below 1.2 might represent low heterogeneity. Similarly, they proposed I2 of 56% as cutoff for large
heterogeneity and 31% for low heterogeneity [20].

3. Results

3.1. Study Selection

PRISMA flow diagram is showed in Figure 1. A total of 126 records were identified, eight of
which were removed because they were duplicates. Of the remaining 118 articles, 97 were excluded
because they were not related to the topic, five studies were not written in English and three were
congress abstracts or books. After reading the remaining 13 articles, another 10 studies were excluded
because they did not include EHAD as outcome measure, not report means and SD before and after the
intervention or they were no RCT that applied the CA in the training program. Finally, three studies
were included in the meta-analysis.
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Figure 1. Flow chart for selection of studies according to PRISMA statements.

3.2. Study Characteristics

Study characteristics are summarized in Table 1. The total sample was 79. Of these, 41 belonged
to the CA group, and 38 were the control group. The average age ranged from 16.7 to 17.5 years old.
The sample was comprised exclusively of football players.

Table 1. Characteristics of the sample.

RCT Group Sample Size and Sex Age* Condition

Kohavi et al., 2018 [21] CA
CG

14 (males)
12 (males) 17.5 (1.1) Young football athletes

Harøy et al., 2017 [22] CA
CG

17 (males)
16 (males)

16.7 (0.9)
16.9 (1.0) Elite football players

Ishøi et al., 2016 [14] CA
CG

10 (males)
10 (males)

17.3 (SD not reported)
17.4 (SD not reported) Sub-elite football players

RCT: Randomized Controlled Trial; CA: Copenhagen Adduction; CG: Control group, * Years (SD).

3.3. Interventions

The characteristics of the CA intervention and control group are displayed in Table 2. All studies
lasted 8 weeks, sessions per week were 2 or 3, the number of sets and repetitions varied between 1 to 4
and 3 to 15 respectively, the total number of repetitions ranged from 9 up to 90 and the interventions
were performed during pre- and in-season.
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Table 2. Characteristics of the interventions.

RCT CA Group Control
Group Duration

Sessions
Per

Week
Sets Reps Reps Per

Week
Season
Period

Kohavi et al.,
2018

CA resistance
training + RFTS

Mobility
exercises +

RFTS
8 weeks 2 2–4 6–10 24–72 In-season

3–5
(Beginner) 9–15

Pre-season
Harøy et al.,

2017
FIFA 11 (with
CA) + RFTS

FIFA 11
(with NH) +

RFTS
8 weeks 3 1 7–10

(Intermediate) 21–30

12–15
(Advanced) 36–45

Ishøi et al.,
2016

CA resistance
training + RFTS RFTS 8 weeks 2 2–3 6–15 24–90 In-season

RCT: Randomized Controlled Trial; CA: Copenhagen adduction exercise; RFTS: Regular football training sessions;
NH: Nordic hamstring exercise.

3.4. Outcome Measures

This systematic review included articles focused on EHAD. All included studies [14,21,22]
measured the EHAD using a hand-held dynamometer and according to the protocol and
recommendations by Thorborg et al. [23]. The EHAD measure varied from 2.71 to 4.11 Nm/kg.
All three articles reported significant between-group or within-group improvement in EHAD
after the treatment [14,21,22]. In this regard, two studies observed significant between-group
improvement [14,21], while the other one found significant within-group improvements [22] and
almost significant (p = 0.06) between-group changes.

Results revealed a significant overall effect for EHAD in favor to CA compared to CG (Z = 2.94;
p = 0.003). The overall between-group mean difference was 0.61, with a 95% confidence interval from
0.20 to 1.01 (see Figure 2). The heterogeneity level was large (I2 = 68%). The quality of the evidence
was low according to the GRADE classification.

Appl. Sci. 2020, 10, x 5 of 8 

Table 2. Characteristics of the interventions. 

RCT CA group 
Control 

Group 
Duration 

Sessions 

Per 

Week 

Sets Reps 

Reps 

Per 

Week 

Season 

Period 

Kohavi 

et al., 

2018 

CA 

resistance 

training + 

RFTS 

Mobility 

exercises + 

RFTS 

8 weeks 2 2–4 6–10 24–72 In-season 

      3–5 

(Beginner) 
9–15 

Pre-season 

Harøy 

et al., 

2017 

FIFA 11 

(with CA) 

+ RFTS 

FIFA 11 

(with NH) 

+ RFTS 

8 weeks 3 1 

7–10 

(Intermediat

e) 

21–30 

      12–15 

(Advanced) 
36–45 

Ishøi et 

al., 

2016 

CA 

resistance 

training + 

RFTS 

RFTS 8 weeks 2 2–3 6–15 24–90 In-season 

RCT: Randomized Controlled Trial; CA: Copenhagen adduction exercise; RFTS: Regular football training 

sessions; NH: Nordic hamstring exercise. 

3.4. Outcome Measures 

This systematic review included articles focused on EHAD. All included studies [14,21,22] 

measured the EHAD using a hand-held dynamometer and according to the protocol and 

recommendations by Thorborg et al. [23]. The EHAD measure varied from 2.71 to 4.11 Nm/kg. All 

three articles reported significant between-group or within-group improvement in EHAD after the 

treatment [14,21,22]. In this regard, two studies observed significant between-group improvement 

[14,21], while the other one found significant within-group improvements [22] and almost significant 

(p = 0.06) between-group changes. 

 

Figure 2. Meta-analysis results of CA exercise intervention on eccentric hip adduction strength 

(EHAD). 

Results revealed a significant overall effect for EHAD in favor to CA compared to CG (Z = 2.94; 

p = 0.003). The overall between-group mean difference was 0.61, with a 95% confidence interval from 

0.20 to 1.01 (see Figure 2). The heterogeneity level was large (I2 = 68%). The quality of the evidence 

was low according to the GRADE classification. 

4. Discussion 

The purpose of this study was to systematically review the scientific literature about the effect 

of CA exercise training on the EHAD test and to carry out a mini meta-analysis to determine the 

overall effect as mean difference. Results indicate that eight weeks of training intervention with CA 

exercise, 2-3 times per week, is effective to improve EHAD in football players [14,21,22]. Therefore, it 

could be advisable the inclusion of CA in preventive training programs to potentially reduce injuries 

in athletes and, specifically, in football players. 

Figure 2. Meta-analysis results of CA exercise intervention on eccentric hip adduction strength (EHAD).

4. Discussion

The purpose of this study was to systematically review the scientific literature about the effect of
CA exercise training on the EHAD test and to carry out a mini meta-analysis to determine the overall
effect as mean difference. Results indicate that eight weeks of training intervention with CA exercise,
2–3 times per week, is effective to improve EHAD in football players [14,21,22]. Therefore, it could be
advisable the inclusion of CA in preventive training programs to potentially reduce injuries in athletes
and, specifically, in football players.

The CA is a dynamic high-intensity exercise that includes eccentric contractions and showed
high muscle activity of the adductor longus using surface electromyography [12], so it could be
recommended in the prevention of adductor and/or groin injuries in athletes. Previous studies
observed that additional eccentric exercise reduced the rate of overall, new and recurrent muscle
injuries in professional and amateur football players [24]. The CA exercise seems to produce high peak
electromyography values for abdominal muscles [12] which may explain why preventing programs
based on CA exercise are appropriate against groin problems [25].
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In the three studies included, the CA exercise was performed in football teams and implemented
during the pre-season [22] and in-season [14,21]. A previous study of 12-week eccentric hamstring
strengthening program observed a similar magnitude of effect, irrespective of its schedule relative
to the football training session. In this regard, they found an increase in strength and surface
electromyography, but the adaptations differed according to the timing of the injury prevention
program [26]. Therefore, future studies should explore if there is additional benefit when CA is applied
in different schedules, not only in football but also in other sports, and establish the optimal volume of
sets and repetitions.

As can be seen in Table 2, all training programs lasted eight weeks. This means that more studies
are recommended to see if the benefits can be obtained with interventions shorter than eight weeks due
to the lack of time at training is one of the barriers identified to carry out evidence-based sport injury
prevention programs [27], specifically in football [28]. In this regard, it is important to highlight the
short time required to carry out the CA intervention, which is usually shorter than 15 min [21]. Some
strengths of the CA exercise are that it seems to be well-tolerated and safe since none of the three articles
reported any important problem as consequence of the intervention. There was high compliance with
the training: 91% [14], 90% [22], and 85% [21] what explains the adherence and applicability of the
training. It is known that eccentric training intervention for muscle injury prevention depends on good
compliance to have success [29]. Another strength is that no special equipment is needed, so it can be
performed on the pitch or at any training facility.

Some limitations in the present mini meta-analysis can be mentioned. The first one is related to the
search strategy since only articles published in English were included. Another limitation can be that
the dominant leg was not reported in the study by Kohavi et al. [21], so the right leg was considered as
dominant. However, there was not much difference between the right and left legs. Given the low
quality of evidence based on GRADE and the large heterogeneity more studies are needed to have
a better understanding of CA exercise to enhance EHAD. Moreover, future studies should compare
CA exercise with another alternative training programs for adductor injuries prevention including
an injury register and assess the effect of CA depending on the athletes’ level, since all participants
included in this study were adolescents and soccer players.

5. Practical Applications

Based on this mini meta-analysis, some recommendations for the training intervention are
highlighted: (a) eight weeks, 2–3 times per week, seems to be effective, (b) weekly volume from 9 to
90 reps is enough to achieve a significant improvement. Nevertheless, further studies with different
duration, number of sets, repetitions and in athletes from other sports, not only football, could report
additional information to these findings.

6. Conclusions

The CA is an easy and useful exercise for improving EHAD in youth football players and,
consequently, has a positive effect on one of the factors that influence the injury risk. Thus, the inclusion
of CA in prevention programs could be an adequate strategy that could help to reduce the injury risk
and consequently suppose a decrease in injury incidence in football.
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