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Abstract 

Purpose: Groin injuries in soccer are a widespread problem in sports medicine. One 

certain strength exercise, the Copenhagen adductor exercise, has shown an injury 

preventing effect. But there are still many groin injuries, and even better preventive 

measures are needed. The aim of this study was to investigate the load on groin 

structures during the performance of the Copenhagen adductor and three other 

exercises designed with a hypothesis of having a greater load. All are one-foot dynamic 

plank exercises. The Copenhagen adductor exercise is conducted by hip adduction, 

while the others have hip adduction, hip flexion, and a combination of both to resemble 

a soccer pass. More specific, muscle activation of the adductor longus muscle and the 

rectus femoris muscle were examined as well as torque exerted on the hip joint.  

Methods: 18 footballers (10 men and 8 women) at varying playing levels in the Oslo 

region performed the four plank exercises, while electromyography activity, motion 

capture and forces were recorded. Muscle activations were found from the 

electromyography data and normalized to a player’s maximum activation for the given 

muscle. By motion capture, the position of hip joints and force direction were 

determined. Together with measured forces, this was used to calculate torque and 

further normalized to the player’s weight. Both average of mean values and peak values 

were calculated and used for comparison analysis.  

Results: With a p-value set to 0.05, all exercises with hip adduction achieved 

significantly higher muscular activation of adductor longus than the exercise without. 

Exercise including only flexion of the leg showed significantly higher activation of 

rectus femoris than exercises including only adduction and both adduction and flexion. 

The muscle activation seemed to be higher during concentric muscle work rather than 

eccentric muscle work. None significantly differences were found in torque between 

the exercises, but it showed that torque was greatest early in the concentric phase for 

all exercises.  



V 

 

Conclusion: Four exercises were investigated, and a trend was shown of greater total 

load on one exercise intending to resemble a soccer pass compared to the Copenhagen 

adductor exercise. It should be investigated further whether this more sport-specific 

exercise has greater preventive potential. To ensure high activation on both adductor 

longus and rectus femoris, one single exercise does not seem to be sufficient, a 

combination of several exercises should be performed. 
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1. Introduction 

In Norway, soccer is by far the biggest sport – for both genders. There were almost 

360,000 members in the Norwegian Football Federation in 2019, which corresponded 

to 21% of all active Norwegians [1]. It is also the most popular team sport in the world 

[2]. According to a FIFA Big Count survey from 2006, 265 million people worldwide 

were involved in playing soccer. Together with referees and other officials, the total 

number of people directly involved in soccer was 270 million, accounting for 4% of 

the world’s population. Among registered footballers, the number had increased by 

54% for women and 21% for men, since FIFA’s previous report in 2000. This is a 

significant increase for women, yet there were over eight times as many men [3].  

High intensity, sudden changes of directions, many short sprints, accelerations, and 

decelerations are typical in soccer play [4-7]. These characteristics places a high 

demand on muscles in the hip area [7]. In general, the injury rate in soccer is high [8-

16]. Lower extremities are particularly prone to injuries, among them are injuries in the 

groin [10, 17-20]. The groin is the junction where the upper part of the thigh meets the 

lowest part of the abdomen [10]. The high injury rate applies to both genders and at all 

levels, although studies on injury epidemiology in women’s soccer is far behind studies 

investigating the problem for men. In addition to its prevalence, the groin injury 

problem also includes risk of chronicity [20] and recurrence [7, 19-24]. It is also 

problematic that the injuries are difficult to both diagnose and treat [19]. Adductor 

longus has been reported as the muscle most often affected by groin injuries [25]. 

Injuries are also common in the rectus femoris muscle [25, 26], in addition to iliopsoas-

related [25-27] and abdominal-related injuries [26, 27]. 

Apart from the risk of injury, playing soccer can contribute to several positive health 

effects [7, 8, 26, 28-30]. Public health is therefore one reason to put an effort into 

reducing injuries. With many active footballers and a high rate of groin injuries, 

successful injury prevention work will be beneficial for many people. Absence from 
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participation over time will also affect the opportunity to develop as an athlete. From a 

team or club point of view, it becomes difficult for a coach to assemble a team for 

match play, which further gives the team poorer conditions for sporting success. Since 

one of the biggest risk factors for groin injuries is a previous injury to the groin, 

reducing the number of index injuries with prevention work could potentially help to 

avoid many injuries.  

Injury prevention work based on strength training in soccer has shown effectiveness 

for several types of injuries [2, 31, 32], including groin injuries [33]. A common 

exercise used to prevent groin injuries today is the Copenhagen adductor exercise [34], 

which is a one-foot dynamic side-lying plank exercise [24]. This exercise has shown 

to have high adductor longus activation [24], large increase in eccentric hip adduction 

strength [35], and a significant increase in adductor longus muscle thickness [36]. A 

prevention study have shown a 41% lower risk of reporting groin problems, defined as 

any physical complaints in the groin area, by conducting this exercise [33]. These are 

positive results, but a similar study [37] using a strengthening programme with the 

Nordic hamstring exercise to prevent acute hamstring injuries showed an even better 

result. The injury rate per 100 players over a season was 13.1 in a control group (n = 

481) and 3.8 in an intervention group (n = 461), meaning the number of injuries in a 

group of 100 footballers was reduced to less than a third for them performing the 

Nordic hamstring exercise. A review of the effects of including the Nordic hamstring 

exercise as part of different injury prevention interventions, presented a reduction in 

hamstrings injuries by over 50% [38]. This shows great preventive potential for a single 

exercise that matches injury mechanisms and has high muscle activation [24].  

1.1 Project objectives 

The Copenhagen adductor exercise has proven to be very effective in reducing groin 

problems in soccer, but there may be other exercises that are even more effective. The 

aim of this thesis is to conduct a biomechanical analysis of the Copenhagen adductor 
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exercise, in addition to three other one-foot dynamic plank strength exercises. The 

exercises are performed by lying sideways, straight, and obliquely to examine motion 

in multiple planes. The original Copenhagen adductor exercise is probably not heavy 

enough to ensure a greater reduction of groin injuries. The other exercises are therefor 

designed with a hypothesis that they are heavier. One of the exercises is also designed 

to be sports specific as the movement intends to resemble a soccer pass. The analysis 

will include measurements of hip joint torque and muscle activation of the adductor 

longus and the rectus femoris muscle. Further, the project will investigate how the 

variables differ between exercises and through the exercises. And lastly, the result will 

be used to determine whether or which of the exercises are appropriate to use in groin 

injury prevention work. 
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2. Theory 

2.1 Biomechanics  

Biomechanics is the study of the mechanical principles that act on biological systems 

and is based on Isaac Newton's laws of motion [39]. Knowledge in physics, anatomy 

and physiology is used to describe movements of the body and calculate forces present 

during static positions and dynamic movements [40]. Forces create motion. By signal 

from the nervous system, muscles can create forces, as the muscles are attached to 

bones via tendons [41]. Most movements of the human body are rotations about joints, 

which means that torque is a common term within biomechanics. Torque is the ability 

of a force to chance a rotation about an axis. Decisive for whether movements are 

created or changed is the ratio between internal and external moment. If net moment 

of a joint is zero, the angular velocity is constant. To change or initiate a rotational 

movement, it must be a mismatch between torque created inside and outside of the 

body. Muscle forces usually contribute to internal torque [40], although internal forces 

also come in tendons, ligament, and connective tissue [41]. The internal lever arm is 

determined by the distance between the joint and muscle attachment. Gravitation forces 

are the origin of external forces. This can be your own body weight, for example when 

walking, but also the weight of a dumbbell lifted during strength training [42]. 

Biomechanical measurements methods can be divided into four main areas, these are 

anthropometry, kinematics, kinetics and kinesiological EMG. In other words, the 

methods measure the body, movements, forces, and muscle activation [43]. A 

biomechanical analysis can use one of the methods, two, three or of a combination of 

all. For the purpose of this project, all methods were used, and the next sections 

describes some of the important principals for this study.  

Measurements of human motion can be done in many ways by several working 

principle, such as optoelectronic measurement systems, electromagnetic systems, 

image processing systems, ultrasonic localization systems and intertial sensory 
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systems. Optoelectronic measurement systems have shown to be the most accurate of 

these and is often regarded as “gold standard” for motion capture. These systems 

estimate positions of small markers, attached to a human or object of interest, in three 

dimensions by a time-of-flight triangulation. Several cameras in fixed positions 

captures light, which means the system are both sensitive to sunlight and is limited to 

measuring within a specific area. Another limitation of this system is the need of line-

of-sight, the markers must be visible at all times to get sufficiently good measurements. 

Even with an overall high accuracy, there are several things that can affect this, such 

as the distance between and the location of cameras relative to each other and the 

number, type, position, and motion of the markers. The optoelectronic system can 

further be divided into two groups based on which markers are used. This is passive 

and active markers. The passive markers reflect light back to the cameras, while active 

markers contain light sources and emit light. Cables and batteries are required for the 

active markers and lead to restrictions regarding movements but are still the most 

robust [44]. LED lights is common to use for passive reflective markers, but the 

radiation is not considered dangerous [45].  

Measurements of outer forces can vary widely based on what is to be investigated. For 

example, if the force comes from an object being lifted, only the weight of the object 

needs to be measured. There are many other instruments that can measure forces, one 

of them is the load cell. A load cell is a kind of transducer which converts forces into a 

measurable electrical output. Different kinds of load cells exist, distinguished by their 

type of output signal and the way they detect forces. Some are hydraulic, pneumatic, 

strain-gauge, piezoresistive, inductive and magneto strictive load cell [46]. Not all 

these kinds of load cells are suitable for biomechanical analysis, but one that is, is the 

tension load cell. This measure force when pulling in the cell, as the load cell and strain 

gauges bonded to the load cell, slightly deforms. The electrical resistance is alternated 

and generates a voltage signal proportional to the applied force [47].  

EMG, or electromyography, is a common use in biomechanical analysis and to our 

knowledge the only method used in studies on specific groin related strength exercises. 
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EMG is an experimental technique used to record and analyse electrical signals 

emanated from skeletal muscles [43, 48, 49]. Muscles are important for the internal 

forces created during movements, but EMG is not a measure of force, of muscle 

strength or of effort given. Just electrical activity [50]. An EMG signal can tell when a 

muscle is active or not [43]. The force a muscle can exert depends on several things, 

such as how stretched it is, and the extent of overlap between the proteins aktin and 

myosin in the muscle cells [42]. Studies and research using EMG are widespread, with 

applications such as medical research, ergonomics, rehabilitation and sports science. 

The latter includes biomechanics, movement analysis, athletes strength training and 

sports rehabilitation [43]. Mainly there are two types of EMG being used, these are 

intramuscular EMG and surface EMG. By the intracellular method, needles are inserted 

into muscle tissue. Only a few muscle fibres are observed at a time, and measurements 

must therefore be made with the needle in multiple positions to get enough information. 

This is a quite invasive method, and when a more general picture of muscle activity is 

sufficient, the surface EMG is often preferred [49]. The surface EMG technique attach 

electrodes to a person’s skin without penetrating it (hence surface), which as opposed 

to the needles are non-invasive. Furthermore, the method is safe and easy to handle 

[50, 51]. The method is commonly used in biomechanics. The main limitation is though 

the fact that only superficial muscles can be recorded [43]. Intramuscular EMG can 

measure internal muscles, but for biomechanical analysis during movement this is very 

impractical and impossible without affecting the course of movement. Correct 

palpation of the muscles and proper interpretation of the data are crucial to extract the 

information of what is intended to be investigated [50]. Silver/silver chloride pre-gelled 

electrodes are the most common to use, and the recommended one. These are 

disposable, which greatly reduces necessary hygiene measures [43]. The desired size 

of the surface electrodes depends on the properties of the muscles being examined. The 

largest are used for the large muscles and often has a diameter (conductive area) of 1 

cm. When a greater selectivity is necessary, for example for small facial muscles, 

smaller electrodes are selected because these allow a closer interelectrode distance. The 

size can be of 0.5 cm with an interelectrode spacing of 1 cm [50]. There are limited 
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recommendations for electrode placement and studies investigated the same muscle 

may have different locations, making it difficult to compare. To establish guidelines 

for standard electrode placement is challenging as important measures can be at the 

expense of each other. It requires a balancing of several factors to get the best reading 

possible. Fridlund and Cacioppo [51] have highlighted some elements to consider: 

minimize intermediate tissue between muscle and electrodes, paired electrodes should 

be placed parallel to the muscle fibres to maximize selectivity, avoid the region of the 

muscle’s endplate, use easily identifiable anatomical landmarks to secure consistency 

of sites within and across subjects, choose electrode sites without problems from skin 

folds, and minimize crosstalk as much as possible. It is recommended to prepare the 

skin before electrode positioning. Hair removal and cleansing with abrasive and 

conductive cleaning plates, very find sandpaper or alcohol is common procedure. The 

skin usually gets a light red colour when the preparations are done properly [43, 50]. 

Figure 2-1 is an example of a raw (unprocessed) EMG signal, where surface electrodes 

measured activation of the rectus femoris muscle. The image first shows a rest period 

(the muscle is relaxed), followed by an active burst from an isometric contraction and 

finally another rest period. The signal from the rest periods are so-called baselines and 

are almost noise-free but are influenced by noise from the environment and quality of 

the detection conditions. Mean value of the EMG signal is zero and the pikes from the 

signal burst are of random shape. There is a constant variation in which motor units are 

recruited through the muscle and the strongest pikes is a result of the simultaneously 

firing of several motor units close to the electrodes. This, in addition to the fact that 

connective tissue and skin layers acts as a low-pass filter, means that the signal being 

measured is not the same as the original nor can it be reproduced. Typical processing 

of EMG signal includes rectifying and a smoothing algorithm [43]. The signal is 

measured in microvolt, but it is normal to normalize the captured values to a reference 

value to eliminate influence of given detection condition. The amplitude of signal 

varies a lot between electrode sites, muscle mass and subjects. The reference value is 

typically found by a maximum voluntary contraction, which is contractions of full 

effort. The motivation for this is to rescale data and present it as percentage of the 
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reference value [43]. By normalization one can compare data across muscle groups 

[50]. Most common the reference value is found by a isometric contraction test, called 

a maximum voluntary isometric contraction (MVIC) [52]. That is to push all you can 

against a fixed object, without there being any movement in the joint. Different studies 

may use different tests to normalize their results, and one must therefore be careful in 

making direct comparison.  

 

Figure 2-1: Raw EMG signal as an example for a contraction in the rectus femoris muscle. In the first 

and last part of the figure, the muscle is relaxed, and a baseline is shown. The middle section shows a 

signal burst because of contraction in the muscle.  

2.2 Health Perspective on Physical Activity and Soccer 

Physical activity can be defined as body movements produced by skeletal muscles, 

leading to increased energy consumption significantly exceeding the level at rest [17]. 

It is one of the most important measures to stay healthy [26]. In addition to the absence 

of disease and weaknesses, the World Health Organization's definition of health also 

includes a state of physical, mental and social well-being [53]. Based on this definition, 

Clarsen et. al [54] have derived a definition where any condition of reduced state of 

full health is  considered a health problem for athletes. This may include injury, illness, 

mental illness, pain and other, regardless of its consequences for participation and 

performance in sports.  

Physical activity reduces the risk of cardiovascular diseases, high blood pressure, type 

2 diabetes, and some types of cancer. Ultimately, it reduces the risk of premature death. 
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On the other hand, lack of physical activity is an important risk factor for serious 

illness. Physical inactivity can be just as dangerous as smoking, obesity, high 

cholesterol and high blood pressure when it comes to disease development [26].  

Physical activity can also delay the development of osteoporosis [28]. Soccer has been 

shown to have several positive effects, such as improvement of cardiovascular health, 

metabolic fitness, muscular performance, postural balance, as well as reduction of 

adiposity. Soccer is, together with running, recognized as one of the best activities to 

improve health [29]. However, one does not have to be an elite athlete to achieve health 

effects. Many of the health effects can be achieved through moderate physical activity 

[26]. Based on all the health effects associated with physical activity, it is beneficial to 

be active throughout life. Being active as a child gives a greater likelihood of remaining 

active as an adult, although many also quit in adolescence [55]. As many as 9 out of 10 

children in Norway have taken part in organized sports [56]. 12% of young boys and 

girls named in a study injury and illness as the reason for dropping out. The proportion 

was twice as large for girls than for boys[57].  

Playing soccer has also been shown to have psychological benefits [30]. Nevertheless, 

it is no clear evidence that soccer improves mental health. A study by Heun and Pringle 

[58] on mental health in active and retired professional footballers and referees showed 

similar or more psychological problems than in the general population, including 

anxiety and depression. One of the reasons for this may be severe injuries. Players with 

high competitive anxiety may also have a greater chance of sustaining an injury [59]. 

Although it has not been proven that soccer improves mental health in the mentioned 

study, Heun and Pringle [58] state that it does not mean that no individuals get mental 

benefits from the sport.  

Being physically active also has its side effects, especially related to the risk of injury. 

Injuries occur in all sports, but the nature of the sports is decisive for which injuries are 

typical [17, 26]. The injuries can be overuse injuries or acute injuries and can lead to 

permanent injuries or death, but fortunately, deaths rarely occur in sports. The injuries 

have different severity, but there is an increase in injuries that pose a risk of early 
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osteoarthritis [26]. An injury can be very challenging for the player and their club, it 

can even be a problem for det society because of its popularity [2]. As much as 17% of 

all injuries treated at the emergency room in Norway are caused by participation in 

sports and is, therefore, a significant problem from a socio-economic perspective as 

well. However, traffic accidents and serious occupational accidents are responsible for 

the heaviest burden on society [26]. According to Bahr and Mæhlum [26], the health 

benefits of physical activity exceeds the health risks associated with injuries. Former 

Finnish elite athletes in endurance and team sports have been shown to have a lower 

incidence of cancer, lung disease and cardiovascular disease, and increased life 

expectancy. Former elite athletes are also less likely to be hospitalized, but the 

increased risk of osteoarthritis of the knees and hips makes them more likely to be 

hospitalized due to musculoskeletal injuries than others. However, it is important to 

emphasize injury prevention work when it comes to sports and physical activity, 

although net health gain is positive [26]. 

2.3 Injury Definitions  

Many definitions of injuries have been used in epidemiological studies, which makes 

it difficult to compare data across studies and further determine the severity and risk of 

developing injury problems. For this reason, the IOC convened an expert panel in 2019 

to develop recommendations in sports epidemiology. The group defined a sports injury 

as follows:  

“Injury is tissue damage or other derangement of normal physical 

function due to participation in sports, resulting from rapid or repetitive 

transfer of kinetic energy”. [53]. 

A similar consensus report [60] was published in 2006, but this time an expert group 

was gathered under the auspices of FIFA Medical Assessment and Research Centre 

with a focus on soccer injuries. This research team agreed on three alternative 

definitions of injury in soccer, suggesting there is no one-size-fits-all definition. They 

came to the following conclusion of an injury:  
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“Any physical complaints sustained by a player that results from a 

football match or football training, irrespective of the need for medical 

attention or time loss from football activities. An injury that results in a 

player receiving medical attention is referred to as ‘medical attention’ 

injury, and an injury that results in a player being unable to take a full 

part in future football training or match play as a ‘time loss’ injury” 

[60].  

One injury can be in need of “medical attention” and lead to “time loss”, belong to one 

or none of the terms, but anyway be part of “any physical complaints” [61]. A goal of 

the consensus statement was to enable interstudy comparison. Establishing definitions 

is an important step, but there may still be differences in reported injuries. This is 

affected by the player’s threshold of pain, access to and normal practice of medical 

support, whether the player is selected to play the next match and whether there is a 

game/training session in the following days at all [60].  

Although the wording is different, both the above definitions intends to be inclusive 

and cover a wide range of injury-related problems in soccer [60] and sports [53]. The 

definition developed through IOC covers more. The pain threshold allows tissue to be 

damaged for a period before pain is felt [17]. A player can thus be injured before the 

person is aware of it. In most cases the chances of it being registered are small, so in 

practice, the two definitions will probably capture about the same number of injuries – 

those of “any complaints”. To get an overview of the total burden, this broad definition 

may be appropriate. The downside of this approach is lack of reliability. One person 

responsible for registering injuries can interpret a complaint only as a response to hard 

training and thus not register it, while others take note of it. In addition, it has been 

common in surveillance studies for medical staff to register injuries, but it is not certain 

that they are made aware of injuries that do not require medical attention [61]. The 

definition most used in studies is the time loss approach, and this is much narrower. 

This is a relative reliable method, as it is easy to identify when athletes are absent from 

their sport [61]. The most severe injuries are likely to be captured, but many physical 

problems are overlooked, this especially applies to overuse injuries. It is well 

documented that athletes participate as usual in sports despite the presence of overuse 
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problems, pain and reduced performance [10, 17, 18, 20, 61, 62]. This is particularly 

common in the early stages of an overuse injury, probably partly due to 

misinterpretation of gradually onset of pain and functional limitations, as it may be 

transient. Athletes may continue to participate as usual, but when the problems get 

worse, some will participate with limitations, such as avoiding certain exercises and 

partially train alternatively. This is not necessarily registered as an injury. If possible, 

some will postpone the "time-loss" to the off-season and use this period to rest and 

recover from an injury. If, on the other hand, the overuse injury worsens significantly, 

it may nevertheless become necessary to seek medical attention [62]. Athletes can also 

return to sport before the injury is completely healed, although performance is reduced 

[53].     

Injuries have traditionally been divided into acute (or traumatic) and overuse injuries 

[17, 26], although many surveillance studies cover the latter to a small extent. Injury 

mechanism and time of onset determine which it is. When symptoms and loss of 

function occur suddenly from a specific and definable event, it is an acute injury. An 

overuse injury develops over time. The symptoms gradually worsen, and no single 

event can be identified as the cause. Athletes sustain injuries when there is a mismatch 

between the load on the tissue and its tolerability. In the case of an acute injury, a single 

load will exceed the maximum strength of the tissue. Repetitive microtraumas over 

time that together form a load beyond tissue tolerance are the mechanism of an overuse 

injury. The risk increases with increased training load (duration of sessions, intensity 

and/or training frequency) [17, 26]. The definition of injury to the IOC's expert group 

[53] covers both injury definitions, where “rapid” and “repetitive” transfer of kinetic 

energy refers to acute and overuse injuries, respectively. It is often easy to define which 

of the two an injury belongs to, but not always. Sometimes the symptoms occur acutely, 

but the injury is a result of overload over time [26, 53]. When an acute injury occurs, 

the athlete is usually forced to immediately stop ongoing activity. Common symptoms 

are pain, swelling, redness, increased temperature at site of injury and loss of function. 

The first symptoms of an overuse injury can be pain, tenderness, and swelling. Since 
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the injury develops over time, weeks and months can pass by before functional capacity 

is significantly impaired. In the beginning, pain can be provoked only by specific kinds 

of stress and disappear after warm-up [17].  

There are also differences in the severity assessment of injuries. Fuller et. al  [60] 

defined the severity of injuries in soccer as the number of days between onset and fully 

return to training and match selection. The purpose of a study should determine how 

severity is measured, by considering the strengths and limitations of each method. Use 

of time loss from normal training and competition as a measure of severity is very 

common in sports medicine and is also relatively simple [53]. With this approach, Bahr 

et. al [53] recommends to start counting the day after injury onset. This is day 1. 0 days 

should be noted if athletes don’t complete a session but is able to participate as usual 

the next day. Furthermore, they recommend to categories injury based on number of 

days in following way: 0, 1-7, 8-28 or >28 days. Disadvantages with this method 

include underestimation or overestimation when athletes return to play before the 

injury is healed or after the injury is clinically resolved. The method also leads to an 

underestimation of injuries reducing performance without effected participation, nor is 

it appropriate for the most serious injuries leading to retirement, permanent disability, 

or death. Other possible approaches are athlete-reported symptoms and consequences 

which can be conducted with questionnaires, recordings based on clinical assessment, 

or based on functional measures and sports-related performance measures [53]. 

2.3.1 Groin Injury Definition  

As with sports injuries in general, groin injuries have also been defined and diagnosed 

very differently. In the literature, groin injuries have often been defined as a single 

injury. Hölmich et. al [27] have used a definition that corresponded to the consensus 

rapport from FIFA’s initiative [60]. However, this does not consider the many 

structures that can be injured. The groin region has a complex anatomy, leading to 

many possible injuries and many causes of pain. Ultimately this makes diagnosis 

difficult [17, 27, 63, 64]. To add to the problem, injuries elsewhere can cause pain 
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reminiscent of groin injuries [17], there is a high prevalence of “abnormal findings” 

and variations in the use and interpretation of terminology among clinicals [63]. An 

example of this problem’s complexity is found in a systematic review by Serner et. al 

[64]. They investigated the treatment of groin injuries through 72 articles, which in 

total had 33 different diagnosis of groin pain. It is normal for the injuries to include an 

inflammatory condition in muscle tissue and muscle tendon junction [17].   

To simplify groin injuries in clinical practice and research, a group of experts gathered 

in Doha in 2014 to agree on definitions and terminologies based on history and physical 

examinations. The result was a classification system for groin pain in athletes with the 

following three main categories: 1) defined clinical entities for groin pain (including 

adductor-, iliopsoas-, inguinal-, and pubic-related groin pain), 2) hip-related groin pain 

(pain from the hip joint), and 3) other causes of groin pain. Multiple diagnoses can be 

given when athletes experience pain in more than one entity. Moreover, several popular 

terms were not included in the recommendations for various reasons [63]. This 

agreement acknowledges that pain from the hip joint can be a possible cause of groin 

pain. As part of the complex problem, groin injuries are sometimes referred to as hip 

and groin injuries and other times just as groin injuries. Further in this thesis, the term 

groin injury is consistently used.  

2.4 Groin Anatomy and Function 

Although the groin is not unambiguously defined, it usually refers to the junction 

between the abdomen and the anteromedial (in front and toward the middle) part of the 

thigh [10]. That is the area where the upper part of the thigh meets the lowest part of 

the abdomen. A wall of muscles and tissue separates the groin and abdomen, but the 

wall has small openings, called the inguinal and femoral canals, which allow structures 

like blood vessels and nerves to pass [65]. Three large groups of muscles make up the 

groin. This is the abdominal, iliopsoas and adductor muscle group [66]. All groups can 

be injured, but most groin injuries in soccer are adductor-related, followed by iliopsoas-
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related and abdominal-related injuries [27]. The next sections focus on some of the 

important structures that make up the complex anatomy of the groin region. 

2.4.1 The Pelvis 

The pelvis (Figure 2-2) consists of two hipbones which are connected behind by the 

sacrum and in front by the pubic symphysis. Each hipbone consists of three bones that 

grow together in early adulthood: the ilium, the ischium and the pubis. The ilium is 

blade-shaped, located above and to either side and accounts for the width of the hips. 

The ischium is behind and below and this is where the weight falls while sitting. In 

front is the pubis. The bones are united in the acetabulum, which forms the hip joint 

with the head of the thighbone called the femur. The pelvis thus connects the trunk with 

the legs. The intestines, urinary bladder and internal sex organs are all supported by the 

pelvis. The pelvis is responsible for the support and balance of the trunk. Muscles that 

contribute to this, as well as movements of the legs, the hips and the trunk, are attached 

to the pelvis [67]. 

 

Figure 2-2: Bones that make up the pelvis. Retrieved from [67]. 
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2.4.2 The Hip Joints  

The hip joints, and the shoulder joints, are ball and socket joints which allow movement 

in three planes and make them triaxial and multiaxial [68]. The joints also belong to 

the group of synovial joints, which are the mobile joints of the body and account for 

most joints [68]. The hip joints are located on the right and left side of the human body 

and connect the thigh bones to the hip bones (Figure 2-3), allowing movement between 

them. There are three sets of opposite possible movements in the hip joints (six degrees 

of freedom), these are flexion and extension, abduction and adduction and internal and 

external rotation. Orientation planes and axis used to describe human movements are 

shown in Figure 2-4. Flexion (or bending) in the hip joint is to bring the thigh forward, 

and extension is to bring the thigh backwards. This happens in the sagittal plane around 

a frontal axis. The foot is moved outwards (away from the body) during abduction and 

inward (towards the body) during adduction, this movement is in the frontal plane 

around a sagittal axis. Rotation means that the leg is rotated about an imaginary line (a 

longitudinal axis) from the hip to the knee. This takes place in the transversal plane. 

When the patella points more medially the rotation is internal, and when the patella 

points more laterally the rotation is external [69]. The rotations can also be called 

medial and lateral rotations [68].  
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Figure 2-3: The highlighted hip joint connects the femur to the hipbone allowing movement between 

them. Retrieved from [70]. 

 

Figure 2-4: The three different orientation planes and axis for reference in human anatomy. Red: 

sagittal plane (divides the body into a left and right part) and sagittal axis. Blue: frontal plane (divides 

the body in a back/posterior and front/anterior part) and frontal axis. Green: transversal plane (divides 

the body into an upper/superior and a lower/inferior part) and longitudinal axis. Retrieved from [71]. 
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The hip joints have two functions: mobility and stability. To fulfill the task of stability, 

mobility is restricted, and the hip joints are less mobile than the shoulder joints. The 

acetabulum (meaning “little vinegar cup”) makes up the socket of the joint. It is a deep 

outward-facing cup surrounded by a labrum, which is a rim of fibrocartilage. The ball 

of the ball and socket joint is the head of the femur with the shape of a two-thirds 

sphere. The labrum curves inwards to grip around the femur and hold it in place. 

Further on is most of the femoral neck surrounded by a strong capsule strengthened by 

ligaments anteriorly and posteriorly by small half rotator cuff muscles. One important 

ligament is the iliofemoral ligament, and this is the strongest ligament in the body. It 

passes across the front of the joint and is used to support the trunk on the lower limb 

by limiting the range of extension of the hip. Circular fibres, called the orbicular fibres, 

in the capsule also contribute to stability [68]. As many as twenty-two muscles cross 

each hip joint and help two both stabilize the joint and move the femur [72]. 

2.4.3 The Adductors  

On the inside of the thigh lies the adductors (Figure 2-5). This is a muscle group whose 

main action is to adduct the femur and are composed of the muscles m. adductor 

magnus, m. adductor longus, m. adductor brevis, m. gracilis and m. pectineus. These 

muscles pass the hip joint from multiple directions, which functionally means they can 

create torque in all three planes [40]. This gives the adductor muscle group several 

functions. In addition to adducting the femur in relation to the pelvis in the frontal 

plane, the group also contributes to flexion and extension of the femur along the sagittal 

plane and rotation along the transverse plane. But there is no universal agreement to 

what kind of rotation. Some have described the action as internal rotation, some as 

external rotation, and others as both [73]. These disagreements further emphasize that 

the groin anatomy is complicated.  
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Figure 2-5: The muscles forming the adductor muscle group lies on the inside of the thigh. Retrieved 

form [74] 

Together with the lower abdominal muscles, the adductors also act to stabilize the 

pelvis [75]. The muscles are therefore at risk of injury due to overloading, if the 

stabilization of the hip joint is disturbed [76], as it often is in sports like soccer. In most 

everyday activities, however, strong adductor muscles are not particularly important. 

But they are important, together with the abductors, to keep the bodyweight over the 

feet when standing on unstable ground [68]. 

Some of the muscle’s function changes depending on the position of the body. M. 

adductor longus, for instance, is a flexor when det hip joint is extended, and an extensor 

when the hip joint is flexed. Another example of a muscle changing its function is the 

m. adductor magnus. This muscle is a good hip extensor in a flexed position, but the 

moment arm is so short when the hip is extended that its contribution to extension is 

minimal [40]. 

2.4.4 The Adductor longus 

As one of the muscles in the adductor group, the adductor longus muscle is in the 

medial aspect of the thigh (Figure 2-6). The muscle is triangular and fan-shaped. In 

addition to its primary function to adduct the thigh at the hip joint, it also contributes 
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to flexion, extension, and external rotation of the thigh as well as pelvis stabilization 

both during walking and while standing. The origin of the adductor longus is the 

anterior surface of the body of the pupis, inferior to the pubic crest and lateral to the 

pubic symphysis, while the insertion is the middle third of the medial lip of the linea 

aspera [40, 77]. 

 

Figure 2-6: The adductor longus muscle lies in the medial compartment of the thigh. Retrieved form 

[78]. 

2.4.5 The Iliopsoas 

The iliopsoas (Figure 2-7) is the main hip flexor, composed of the iliacus and the psoas 

muscle  [68]. The origin of the iliopsoas is extensive. The psoas (major) originates from 

the twelfth thoracic vertebrae and all five lumbar vertebrae. The iliacus originates 

mainly from the iliac fossa of the pelvis. They emerge into a muscle belly and insert 

into the lesser trochanter of the femur [79]. From the origins to the insertion the muscle 

passes under the inguinal ligament and over the hip joint [68], which makes sure the 

muscle can produce a moment to flex the hip. In addition, the muscle has more 

functions such as external rotation of the thigh and flexion of the trunk. The psoas 

major can also flex the trunk laterally [79]. 
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Figure 2-7: The iliopsoas muscle group. Retrieved from [80]. 

2.4.6 The Rectus femoris  

The rectus femoris (Figure 2-8) is one of four individual muscles that are part of the 

anterior located quadriceps femoris muscle on the thigh, which is a powerful extensor 

of the knee. The other muscles are vastus medialis, vastus lateralis and vastus 

intermedius. All four muscles pass the knee joint and share a common tendon which 

inserts into the patella [81]. The rectus femoris also acts as a weak hip flexor as it, as 

the only one of the quadriceps muscles, passes the hip joint. It consists of two heads, 

with origins from the anterior inferior iliac spine and from just above the acetabulum. 

It is also the most superficial muscle in the midline [68].  
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Figure 2-8: The rectus femoris muscle. Retrieved from [78]. 

2.5 Epidemiology  

2.5.1 Injuries in Sports and Soccer 

Despite several documented positive health effects of engaging in sports [7, 8, 26, 28, 

29], there is also a real risk of sustaining injuries during physical leisure activities [26].  

It has been reported that only in the United States, 3.5 million people under the age of 

15 receive medical care for sports-related injuries annually [9]. A study in Canada that 

examined sports injuries over a year in a sample of 1466 junior high school students, 

aged 12 to 15 years, reported a sports injury rate over 60 injuries/100 students. 93.39% 

of the students participated in at least one of the more than 80 identified sports and 

activities. Over 40% of the adolescents suffered multiple injuries. Near three-tenths of 

the students got injuries that required medical attention and 12.28% of them were sent 

to the emergency room with an injury. 36.3 injuries/100 youth annually resulted in at 

least one day of time loss from sport. It was also reported that soccer contributed to the 

second most injuries, after basketball [8]. Another study, carried out in Spain, reported 

soccer to have the highest injury rate among 492 adolescent athletes on both amateur 

and professional level. More than two-thirds of the injuries occurred in the lower 
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extremities, and the incidence of injuries was 5.11% higher for the professionals [9]. 

In general, the injury rate in soccer is high [10] and injuries have proven to be more 

common in soccer than in  many other types of sports [8, 9, 11, 12]. As a complex 

contact sport, soccer has according to Pfirrmann et. al [13] a relatively high injury rate 

for male professionals, amateurs and adolescents both during match and practice 

activities. Junge and Dvorak [82] reviewed several studies on incidence of soccer 

injuries, and estimated that every elite male footballer incur, on average, one injury 

limiting their performance every year. There are significantly fewer injury studies on 

female soccer players, but there are nonetheless multiple studies that show a high risk 

of injuries for females as well. Including Junge and Dvorak [14] who reported 2.2 

injuries/match for female footballers in seven top-level international tournaments, and 

Engström et al. [15] who investigated injuries in two elite teams during one year and 

found that 33 of 41 players (80%) sustained 78 injuries. It was further reported that the 

majority of the injuries occurred in the lower extremity, with respectively 65% [14] 

and 88% evenly distributed on both legs [15]. Another prospective study, done on 123 

male players over the age of 16 at various senior levels in a Danish football club, found 

that 84% of the injuries in one season were in the lower extremities. Of all the injuries, 

injuries to the ankle were the most common, accounting for over two-thirds [16]. It 

seems to be clear evidence that the lower extremities are most prone to injuries in 

soccer, as this is supported by all studies found in the field. Wong and Hong [12] did a 

review study on injuries in the lower extremities. From 22 selected articles, knee, ankle, 

upper leg, groin and hip were pointed out as the anatomical areas with the most injuries. 

The first three areas appear to be most prone to injury, although the various studies 

reported different areas as the most common site of injury. The authors concluded that 

adolescents suffered the most injuries to the knee, while the upper leg was most often 

injured among the professionals. There were also gender differences, where male 

players had the most ankle injuries and women more knee injuries. In terms of type of 

injury, contusion was most common, followed by sprains and strains. Nevertheless, it 

is difficult to draw any conclusions, as the articles used different injury definitions and 

classified the severity of injuries differently. This is a common problem when looking 
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at previous injury studies in soccer. Injuries are defined in many ways, and one must 

therefore be careful when comparing studies as they can examine completely different 

things. The differences in definitions here, revolve mostly around when and for how 

long players must be out of play and need of medical attention. 

2.5.2 Groin injuries in Soccer 

Groin injuries contributes to a relatively large proportion of injuries in soccer  [10, 17, 

18]. Waldén et. al [10] published a review in 2015 comparing literature from 34 articles 

on the epidemiology of groin injuries in different senior soccer levels – from 

professional to amateurs. This included injury surveillance studies on both genders, in 

international tournaments and European club soccer for at least one season. Most of 

the studies used different time-loss variations to define an injury, and it was found that 

groin injuries accounted for approximately every eighth and fourteenth time-loss 

injury, for male and female, respectively. The injury rate seemed to be lower in 

international tournaments compared with most studies on clubs. The main findings 

were that groin injuries are common in senior soccer and that it is more frequent for 

men than women. This gender difference was shown in the proportion of groin injuries 

among all injuries, as well as the number of injuries based on player-exposure time. 

For club-seasonal play the proportion of groin injuries for men was 4-19% and they 

had an injury rate ranging from 0.2 to 2.1/1000 h. For women the numbers were 2-11% 

and 0.1 to 0.6/1000 h. It can also be mentioned that there were significantly more 

studies on club soccer than international tournament, and twice as many studies on men 

than women in club-seasonal soccer. One of the studies in the review by Werner et. al 

[19] investigated the incidence of groin injuries in European professional soccer over 

seven consecutive seasons (a total of 88 club seasons spread over 23 teams). The survey 

showed a consistent incidence of groin injuries between seasons, with a selection of 

results as follows: a percentage number of all injuries ranging from 12-16%, an average 

number of injuries per club per season ranging from 7.2 (SD = 5.5) to 8.0 (SD = 3.6) 

and the number of players injured varied from 19% to 22%. That the incidence does 

not change over time was part of the conclusion. However, the study was conducted 
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during the seasons 2001/02-2007/08, which is a while ago. More recent numbers 

should be examined to determine whether the prevalence remains the same today. 

Nearly all of the previously mentioned studies in this section have used time-loss and 

definitions of injuries, meaning players need to be unable to participate in practise or 

matches for an injury to be registered. This way of recording injuries presents probably 

only the “tip-of-the-iceberg” when it comes to groin problems because many continue 

to play after symptoms have appeared, despite reduced performance [10, 17, 18, 20, 

61, 62]. In a descriptive epidemiology study, Harøy et al. [18] investigated the 

prevalence of groin injuries in Norwegians footballers using injury definitions based 

on all physical complaints of the groin. Groin problems were recorded weekly using a 

questionnaire developed by the Oslo Sports Trauma Research Center. This was carried 

out over a period of six weeks with a high match load. The players were part of 15 

different teams where there were three teams in each of the following five groups: male 

elite, male subelite, male amateur, under-19 male elite and female elite. Of results, the 

study presented that 59% of the men and 45% of the women experienced problems in 

the groin on at least one occasion. 29% of the males had on average groin problems 

every week. Of all groin problems, only 34% of the problems for men and 20% of the 

problems for women led to absence from soccer participation. This indicates that only 

one-third and one-fifth of all groin problems would have been registered with the more 

traditional time-loss definitions, and that this type of definition underestimates the 

magnitude of the problem. Further, the study concluded that elite men had groin 

problems more frequently than women, with an odds ratio of 3.1. It was, however, no 

difference in risk of sustaining groin problems between the different male groups, and 

no differences between the sexes in substantial problems. A study on females only (434 

Dutch amateur players between 18 and 40 years) [20], compared injuries with and 

without time-loss. Of reported injuries through an online questionnaire during one 

season, groin injuries turned out to be the most common non-time-loss injury. In 

comparison, it was the fifth most common time-loss injury, after ankle, knee, 

hamstring, and thigh.  
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The study mentioned above by Werner et al. [19], on professional soccer players over 

seven consecutive seasons, classified 53% of all hip and groin injuries (both acute and 

overuse injuries) as moderate or severe, meaning an absence of 8-28 days and more 

than 28 days from training and match play. 15 days of absence was the average per 

injury. The distribution of traumatic injuries and overuse injuries was for one season 

shown to be 27% and 73%, respectively The same study also reported a higher groin 

injury rate for matches than for training [19]. In general, most soccer injuries occur in 

match play [13], and most severe injuries typically occur during matches [83], but re-

injuries are more likely to happen during training [84]. Video analysis of acute adductor 

longus injuries concluded that 71% of the injuries occurred in non-contact situations 

[85]. 

 

There are many risk factors associated with a groin strain. Several studies show an 

association between previous injuries and new ones [7, 19-24]. Hägglund et. al [86] 

investigated how previous injuries affected risk of injury among 197 Swedish male 

elite players and found that players with previous groin injury were two to three times 

more likely to suffer a new identical injury. In the study, medical staff documented all 

injuries over to consecutive seasons, and recurrence injuries were defined as an 

identical injury to an index injury that occurred after medical staff cleared for full 

participation. Another study of nine to seventeen clubs over seven seasons reported 

that 15% of all registered groin injuries were re-injuries, which was defined as an injury 

of same type and at the same location as an earlier injury occurring within two months 

of full return to soccer participation [19]. Some re-injuries can result from inadequate 

rehabilitation or premature return to sports, but injuries can also be recurrent regardless 

of time interval [60]. It is nevertheless important to focus on sufficiently good 

rehabilitation before players return fully, as it turns out that re-injuries often have a 

longer absence than the index injury [19]. Other presented risk factors for groin injury 

in soccer are kicking (mostly in the kicking leg) [23, 25, 85, 87], core muscle weakness, 

delayed onset of transverse abdominal muscle recruitment [22], weak adductor muscles 

[21, 35], change of direction, reaching, jumping [85, 87] and too short recovery time 
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[13]. A correlation has been shown between a reduced hip range of movement and 

adductor injury [7, 88]. There is also debate about the role of certain factors, such as 

age, sports experience/playing level [22, 89] and playing position [13]. As many of the 

risk factors above indicates, most acute adductor longus injuries occurs in non-contact 

situations [85]. 

 

Muscles in the groin area of athletes most often affected by acute groin injuries are 

adductor longus, rectus femoris, rectus abdominis and iliopsoas [26]. In a cross-

sectional study [25] of 110 adult male athletes with acute sports-related groin pain, 

two-thirds of the injuries were related to the adductors, with the highest injury rate for 

the adductor longus. Injuries to the iliopsoas and proximal rectus femoris were also 

quite common. Another study [27] investigating both acute and overuse groin injuries, 

in a sample of 998 sub-elite male footballers, also found adductor-related injuries to be 

most common. Iliopsoas-related and abdominal-related injuries were the second and 

third most common types of groin injuries. A more accurate description of injury 

location for acute adductor injuries has been carried out by MRI examination of 71 

athletes within seven days of injury onset. Over half of the recorded injuries was in 

adductor longus, which seems to have three main injury locations, this was proximal 

insertion (26%), and intramuscular musculo-tendinous junction of the proximal tendon 

(26%) and of the distal tendon (37%). 25 of the athletes had multiple adductor injuries. 

Adductor longus was the most frequent injured adductor muscle both in isolation and 

in combination with other adducting muscles [87].  

2.6 Physical demands of soccer 

One of the physical demands of soccer is running. An overview article by Taylor et al. 

[4] analyzed running characteristics in several ball sports, including soccer. Several 

results were presented. Elite male players ran on average between 9,000 and 12,000 

meters during a match, while elite female players on average travelled a distance 

between 9,600 and 10,000 meters. The distance was generally lower and more variable 
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for junior players. The frequency of sprinting was quite similar across ages and sexes, 

but the distance of sprinting was longer for men than females and seniors compared 

with juniors. 4.0-12.3% of total distance travelled and 0.3-3.4% of total game time was 

conducted as a sprint, and each sprint lasted for approximately 2.0 s on average. More 

time and a longer distance were generally spent in high-speed/intensity running than 

sprinting. High-intensity running accounted for 5.1-18.2% of the total distance and 2.1-

6.1% of total game time and lasted for 1.3-4.4 s on average for males. Numbers for 

females are 4.8% of the total time with a duration of 2.3 s on average. It was 1379 to 

1459 activity changes during a match. That is a new activity movement about every 

four seconds, indicating many accelerations and decelerations. The number of 

directional changes varies depending on playing position, where midfielders have the 

most cutting throughout a game [5]. An analysis of directional changes by Bloomfield 

et al. [6] showed that elite male players over 600 times during a match turned at angles 

<90°. A similar analysis conducted by Robinson et al. [5] found that elite male 

footballers had 35-40 cuts in both directions at an angle in the range of 45° to 135°, 

and just over 20 cuts at angles >135°. Change of direction is one of the main actions 

resulting in acute adductor longus injury [85]. 

2.7 Prevention and Treatment of Groin injuries  

Since there are many active players [1-3] and a high groin injury rate [10, 17-20, 25, 

27], a relatively large number of people are affected by groin injuries worldwide. The 

sport is evolving, which entails greater training volume and greater physical demands 

on elite players [90]. The tempo in contemporary professional soccer increases, the 

players are running more than before, and the fitness level must then be increased 

correspondingly. The players must be able to both accelerate over short distances and 

quickly change the direction of movement. Several young players start earlier with 

intense training than before [11]. This development leads to an increased risk of injury 

as there is a correlation between the training load applied to a player and the incidence 

of injury and illness [91]. Being able to prevent injuries will therefore be helpful for 
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individuals and soccer teams. Injury prevention strength training continues to show its 

effect on multiple types of injuries in soccer [2, 31-33, 92]. 

2.7.1 Research on common exercises in groin injury prevention 

Several exercises are used to target the hip adductors in prevention and treatment of 

adductor-related groin injuries. Delmore et. al [93] investigated peak and average 

normalized electromyographic (EMG) activity of adductor longus in the dominant leg 

(the leg preferred for kicking) during six common hip-adductor rehabilitation exercises. 

Twenty-four physically active college-age students performed the following six 

exercises: side-lying hip adduction, ball squeezes (Swiss ball at the knees), rotational 

squats, sumo squats, standing hip adduction on a Swiss ball and side lunges. The 

exercises that produced most peak activation was the side-lying hip adduction (60.1 ± 

16.2 %MVIC) and ball squeezes (36.0 ± 18.0 %MVIC), the same exercises also 

produced the most average activation with (22.2 ± 5.5 %MVIC) for the side-lying hip 

adduction and (14.3 ± 6.0 %MVIC) for the ball squeezes. MVIC is a reference value 

from a maximum contraction in adductor longus. Serner et. al [24] conducted a similar 

study around the same time. For forty healthy male elite soccer players, they 

investigated bilaterally muscle activation in eight hip adduction exercises, six 

traditional and two new ones at the time. However, they only studied peak activation 

but instead of only focusing on adductor longus they also measured activity for gluteus 

medius, external abdominal oblique and rectus femoris. Isometric adduction with a 

soccer ball between the ankles, isometric adduction with a soccer ball between the 

knees, side lying hip adduction, sliding hip abduction/adduction, hip adduction with an 

elastic band and hip adductor machine were the traditional exercises, while subine 

bilateral hip adduction and Copenhagen adduction (described in section 3.6.1) were the 

new suggested exercises. All exercises, except from supine hip adduction had higher 

peak values of adductor than the exercises in Delmore et. al’s study [93]. The side-

lying hip adduction exercise were the only exercise included in both studies. It was 

ranked with highest activation in [93], but ranked number seven in the study of Serner 

et. al [24]. The activation of the dominant leg was nevertheless quite similar, with 64 
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± 6 percent of reference value in the latter study. Even though the exercise had similar 

values in both exercises, the results cannot be compared directly as the procedure of 

finding maximum reference contraction to normalize the EMG were different. The 

isometric adduction with a soccer ball between the knees (108 ± 6 %MVIC) were 

similar to the ball squeeze exercise in the first study but had a much higher peak 

activation. The main difference in these exercises is the hip angle (the Swiss ball is 

larger) and the fact that the Swiss ball is softer which means the contraction is not 

isometric. An interesting finding in the latter study is the high adductor longus 

activation of the new suggested Copenhagen adductor exercise. Normalized peak 

activation was 108 ± 5 %MVIC in the dominant leg and 69 ± 6 %MCIV in the non-

dominant leg, which was a significantly higher activation in the dominant leg. Serner 

et. al [24] concluded their study with statement saying it seemed relevant to include the 

Copenhagen adductor exercise in future prevention and treatment programme, not only 

because of high intensity but also because it can be performed at any facility.  

The Copenhagen adductor exercise has become popular in the community of sports 

medicine [34]. In addition to high documented adductor longus activation [24], an 8-

week supervised progressive training program using the Copenhagen adductor exercise 

among sub-elite soccer players, showed a significant increase in both eccentric hip 

adduction strength (EHAD) and surprisingly also in eccentric hip abduction strength 

(EHAB) [35]. The strength programme was conducted by ten players and data was 

compared with an intervention group, also of ten players, who were instructed not to 

perform resistance training of the hip adductors during the period. A prevention study 

on 34 Norwegian male semiprofessional soccer teams by Harøy et. al [33] investigated 

the effect of an adductor strengthening programme including the Copenhagen 

adduction exercise as its only exercise and found a 41% lower risk of reporting groin 

problems (all physical complaints in the groin area) in an intervention group than in a 

control group. The control group trained as normal, while the intervention group 

performed the Copenhagen adduction exercise progressively two to three times a week 

in the preseason and once a week during the competitive season. 
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3. Methods and Equipment 

This master project was carried out as a biomechanical experimental study. Subjects 

performed four standardized dynamic plank strength exercises. Quantitative data were 

extracted by examining the dependent variables torque in hip joints, and muscle 

activation in the two muscles adductor longus and rectus femoris during the exercises. 

To collect the necessary data, an optical motion capture and 3D positioning tracking 

system from Qualisys, a surface EMG system from Myon and a tension/compression 

load cell from HBM were used. All trials were conducted in the biomechanical 

laboratory at the Norwegian School of Sport Science in February 2022.  

Further in this chapter, basic principles and specific settings for the equipment will be 

presented, in addition to a description of the experimental procedure, as well as data 

processing, analysis methods and ethical considerations.  

3.1 Motion Capture 

An optical motion capture system consisting of multiple cameras connected in a loop 

recorded three-dimensional position data with a sampling frequency of 200 Hz (Oqus 

400/700; Qualisys AB, Gothenburg, Sweden). The cameras were connected to a data 

acquisition software called Qualisys Motion Capture (QTM) (version 2019.3; Qualisys 

AB, Gothenburg, Sweden) through a 16-bit analog-to-digital conversion board (USB-

2533; Measurement Computing Corporation, Norton, MA, USA). The peripherals 

EMG system and the load cell were also connected to the system through the 

conversion board and were recorded by QTM, simultaneously as the software captured 

motion data. The cameras recorded movements of 25 retro-reflective markers attached 

to anatomical landmarks on the subjects and to the load cell. This was passive markers 

reflecting light from the cameras. 20 of the markers were positioned on the subjects’ 

skin and the other 5 to the load cell. The load cell measured forces the subject exerted 

on it, and the markers were attached to determine the direction of the force. All markers 

were attached with double-sided tape. Table 3-1 shows a list of all markers on the 
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subjects, which is based on [94]. On the load cell it was placed one marker on the top 

and to pairs of markers further down on each side at different heights. Figure 3-1 

illustrates the location of the markers. By playing the recordings in QTM, all the 

markers contributed to make a good visualization of the movements to the participants. 

But only some of the markers were used for further analysis. This applied to the 

markers on the pelvis (number 11 to 14) and markers on the load cell, which was used 

to find the hip joint center, line of force and moment arm.  

Table 3-1: List of anatomical landmarks of which the marker set contained. The anatomical landmarks 

are shown illustratively in Figure 3-1 using the same numbering as in this table. 

Right foot Right femur Shoulder 

1. Head of the first metatarsal 8. Middle of the tight, in front 15. Right acromion 

2. Head of the fifth metatarsal 9. Middle of the tight, lateral 16. Left acromion 

Right Ankle 10. Greater trochanter of the  Neck 

3. Lateral malleoli of the ankle femur  17. C7 spinous process 

4. Medial malleoli of the ankle Pelvis 18. Proximal of the sternum  

Right knee 11. Right anterior superior iliac Back 

5. Tibial tuberosity spine 19. Midway between 17. and  

6. Lateral femoral condyle of  12. Left anterior superior iliac the middle of 13. And 14. 

knee spine 20. Midway between 19. and 

7. Medial femoral condyle of  13. Right posterior superior  the middle of 13. and 14. 

knee iliac spine  

 14. Left posterior superior    

 Iliac spine  
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Figure 3-1: The locations of the markers. The numbers 1-20 refer to names of the anatomical landmarks 

stated in Table 3-1. Left: Screenshot of a static trial in QTM. The markers, for both anatomical 

landmarks and on the load cell, appear as green dots. The numbers and names are added afterwards. 

Right: A picture of a human skeleton retrieved from [95], marked with dots to illustrate the position of 

the markers in relation to the skeleton. The black markers can be seen from the front, while the red 

markers are only visible from behind. 

On the first day of testing, there were eleven cameras. Three participants attended this 

day. For the rest of the test period, twelve cameras were used. The cameras were placed 

at different heights and angles around the capture volume (the area of the lab where the 

subjects are during the recordings). Figure 3-2 shows the two different camera setups 

with the capture volume in the middle. As the figure shows, it was down to the right 

the changes with camera positions were made and here the twelfth camera was added. 

The changes were made after assessments along the way to ensure better angles to 

improve the quality of the recordings. A closer look at det capture volume can be seen 

in Figure 3-3. The three blue rectangles are floor mounted force plates. These plates 

measure ground reaction forces when a body or other objects are standing on or moving 
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across them. Data from the plates were recorded but not extracted in this project. 

During motion capture recordings the subjects were always on or above the plates, thus 

the plates formed the base area of the capture volume. Figure 3-3 also shows the origin 

and the directions of the x-, y- and z-axis which constitutes the global coordinate 

system of the lab. 

 

Figure 3-2: Camera set up of 11 cameras (upper picture) and 12 cameras (lower picture) surrounding 

the capture volume in the middle. The figure are edited screenshots from QTM where white circles are 

added to highlight the cameras. 
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Figure 3-3: Global coordinate system in the biomechanical lab and the capture volume of motion 

capture recordings. 

Two different camera models, called Oqus 400 and Oqus 700 (Oqus 400/700; Qualisys 

AB, Gothenburg, Sweden), were used interchangeably. In general, the Oqus 700-

cameras were used furthest away from the test area as they are more sensitive to light 

and have better resolution. The Oqus 400-cameras were thus used more closely to the 

position of the subjects. The cameras use short and strong infrared flashes, generated 

by LED lights, to illuminate the retro-reflective markers on the subjects and on the load 

cell. The markers were spherical with a diameter of 12 mm.   

All cameras can detect light from other cameras. Ideally, no cameras would point at 

each other, but this was not possible to avoid for the recordings in this project. To 

prevent the cameras from capturing light from other cameras and register it as phantom 

markers, they were divided into two groups that flashed slightly out of phase with each 

other. While the cameras in one group flashed, the other group were inactive. The data 

will not be out of sync, but the highest possible capture frequency is reduced. From the 

perspective of the lab in Figure 3-2, the cameras were grouped so that one was to the 

right and the other to the left of the capture volume. In this way, none of the cameras 

in the same group pointed at each other.  
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For QTM to know where the cameras were positioned in relation to each other and in 

which direction they were pointing, calibrations were made. Besides a few exceptions, 

the camera system was calibrated before the attendance of each participant. It was only 

when there was a very short time between two participants that calibration was not 

carried out, but there were never more than two subjects before re-calibration. A T-

wand and L-frame (Figure 3-4) were used to perform the calibrations. Both had 

spherical markers attached, respectively 2 and 4 in number. The distance between the 

markers on the wand was 750 mm. The corner of the L-frame determined the origin of 

the global coordinate system in the lab. It was placed in the corner of one of the force 

plates (as shown in Figure 3-3 and Figure 3-4). The longer arm of the frame defined 

the x-axis, the shorter arm defined the y-axis, with the z-axis perpendicular to these. 

The frame was placed in a predefined position, commonly used in previous projects in 

the lab, with the axes matching those of the force plates. Markings on the floor showed 

the exact position for the frame. Since data from the force plates were not used, the 

coordinate system could have been defined in any way within the volume of interest. 

Using the markings that were already on the floor, however, made it easy to find the 

same position every time for consistency, also, the possibility of using the force plates 

for analyses was still there, which was considered beforehand. The actual calibration 

was performed by holding the T-wand by its handle and moving it through all the 

capture volume. This was done over 30 seconds with controlled and continuous 

movements in all three planes. It was impossible not to occlude some cameras with the 

body, so it was important to move around so that the markers on the T-wand and L-

frame were seen by all cameras for approximately the same amount of time. After the 

half minute a popup window displayed «Calibration passed» if approved. Calibration 

was redone in failed cases. 
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Figure 3-4: A T-wand and L-frame used to calibrate the camera system. The corner of the L-frame 

defines the origin of the global coordinate system in the lab, while the longer side defines the x-axis, 

and the shorter side defines the y-axis. 

3.2 Measures of muscle activity 

Using surface electrodes, raw EMG data were acquired at 2000 Hz by an EMG system 

(Aktos, Myon, Schwarzenberg, Switzerland). Disposable pre-gelled adhesive Ag/AgCl 

surface electrodes with a circular conductive area of 12 mm diameter were utilized 

(Kendall Arbo H124SG electrode, Clinton Township, MI, USA). Two electrodes were 

attached on the skin above the two muscles of interest. For the rectus femoris muscle, 

the electrodes were positioned and oriented according to recommendations from 

SENIAM (Surface Electromyography for the Non-Invasive Assessment of Muscles) 

[96]. For the adductor longus, electrodes were placed in the upper third of the muscle 

belly parallel to the muscle fibres. Short cables run from the paired electrodes to a 

lightweight transmitter attached to the skin, with double-sided tape, a few centimetres 

away. Wireless signal was sent to a receiver connected to the conversion board. The 

signals are captured quickly allowing real-time feedback. The data was retrieved via 

QTM and further processed in MATLAB. 
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3.3  Force Measurments 

With a sampling frequency of 1000 Hz, force data was measured with a 

tension/compression load cell with a maximum capacity of 500 kg (U2A 500 Hottinger 

Baldwin Mestechnik, Darmstadt, Germany). The cell had bi-directional sensitivity and 

could measure force by pushing and pulling it. For all measurements in this trial, only 

tension force was applied to the cell. The subjects performed the exercises with one 

foot in a sling that hung freely from the cell. The external force in biomechanical 

analyses comes from gravitational forces, as all exercises were body weight exercises 

only the subjects’ mass where origin of the forces. The weight of the subjects is 

distributed over the contact surfaces in the sling and over supporting arms. The foot 

rests on the sling and pulls it and the load cell downward, while the load cell pulls 

upwards with equal force. A voltage signal, proportional to applied force, was captured 

in the QTM software. After the test session, the data was converted to force (N) in 

MATLAB and used to calculate torque (Nm) applied to the leg causing rotation in the 

hip joint. The calculation was carried out based on a calibration performed by another 

master student in prior to the test period (Appendix F). 

3.4 Subjects   

Twenty-one people agreed to join the study. Two of them had to withdraw during the 

test period due to covid-related reasons, and one person was excluded from the study 

because of inconclusive data collection. Thus, data from 18 subjects, including 10 men 

and 8 women, were analysed (Table 3-2 and Figure 3-5). All subjects were soccer 

players or had until recently been. Apart from one female participant, all the women 

played for clubs in the top division in Norway (Toppserien). The exception did not play 

soccer at the time of data collection but had also played at the top level until recently. 

The playing level for the male participants was lower and more varied, with a range 

from level 3 to 7. There was also one male subject who did not play at the time but quit 

a few months earlier. The player position was not considered as a study by Hölmich et. 
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al [27] found no significant difference between playing positions in risk of groin injury. 

Both goalkeepers and field players participated. Due to difficulties in recruiting 

subjects and the corona situation in the previous two years, the inclusion criteria were 

relatively flexible. At the time of testing, the subjects had to play soccer or have played 

until recently, be over 16 years old and not have an ongoing groin injury. Not everyone 

had normal training and match load in recent years due to coronavirus restrictions, 

especially those at lower levels.  

Table 3-2: Subject characteristics. 

Descriptive   Mean ± SD (all n = 18) Mean ± SD (men n = 10) Mean ± SD (women n = 8) 

Age (years)  22.0 ± 3.9 23.9 ± 3.7 19.6 ± 2.6 

Height (cm)  173.5 ± 5.2 176.0 ± 5.1 170.4 ± 3.2 

Body mass (kg)  72.2 ± 5.9 75.9 ± 4.9 67.6 ± 3.3 

 

 

Figure 3-5: Histogram of subject characteristics. 

3.5 Test Procedure  

Each subject participated in one test session in the biomechanical laboratory at the 

Norwegian School of Sport Science. One to two hours was allocated each participant.  
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The testing sessions started by attaching electrodes and markers to the subject’s skin. 

Due to all the electrodes and markers, the men wore a boxer, and the women wore 

shorts and sports bras. A validation check was then made of the raw EMG signal. It 

was done by looking at baselines and signal burst in real-time for each muscle while 

the subjects performed a few repetitive contractions in the current muscle. All 

participants completed a warm-up routine, consisting of approximately 5 minutes of 

cycling and some repetitions of air squats and adduction and flexion of the hip with an 

elastic band. Then the data collection began.  

The first recording was a static trial, shown in Figure 3-6. The participants stood 

straight and had their hands horizontal to the sides, as a T-pose. The feet pointed 

straight ahead and with approximately shoulder width apart. This recording with the 

subject standing stationary lasted for 2 seconds and is later used to define segments and 

determine anatomical coordinate systems of the pelvis.  

 

Figure 3-6: A subject standing in the capture volume performing the static trial, with all markers and 

electrodes attached to the skin.     
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Then the four dynamic plank exercises were conducted. This is the Copenhagen 

adduction variant 1 exercise (CA1), Copenhagen adduction variant 2 exercise (CA2), 

one leg pike exercise (OLP) and oblique plank with hip flexion and adduction exercise 

(OPHFA). The first is a side-lying exercise suggested by Serner et. al [24] in 2013 and 

has become common practice in the field of sports medicine today [34]. CA2 is a 

modified version of CA1, and both these exercises include an adduction of the leg in 

the frontal plane about a sagittal axis. The main action of the OLP is leg flexion in the 

sagittal plane around a frontal horizontal axis. This is performed with the anterior part 

of the body pointing down towards the floor. OPHFA is an intermediate of CA2 and 

OLP, it intends to resemble a soccer pass, and is performed in a titled position including 

both adduction and flexion of the leg. The exercises are described in more detail in 

section 3.6. For practical reasons (settings on the equipment), all subjects started with 

CA1. The other three exercises were done in a random order, determined before each 

subject arrived at the lab. Instructions of the exercises were given during warm-up, and 

the individual exercises were explained again before they were to be completed. The 

subjects were also shown videos of the execution of the exercises and received 

instructions during recordings if necessary. The exercises were not standardized by 

time, and the participants could decide for themselves how long they spent on each 

repetition. The recordings lasted 30 seconds. The duration and the ability to perform 

the exercises was decisive for the number of repetitions that were performed. However, 

the most common was between 3 and 5 repetitions. After each recording, a quick check 

was made of the acquired data. Sometimes the check revealed errors, such that markers 

had fallen off or strange EMG signal indicating that the transmitters were out of power. 

In such cases, new recordings of the exercises were made. If everything looked fine, it 

was on to the next exercise. 

After all the exercises had been performed, anthropometric data, including weight and 

height, was collected. Finally, maximum voluntary isometric contraction (MVIC) tests 

were conducted for both muscles of interest. The test was performed in the same order 

for everyone, with first a test for adductor longus, then a test for rectus femoris. Section 
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3.7 describes the two tests. Recordings of these tests did not have a common time span 

but was manually stopped after the tests was completed.  

In summary, 7 types of recordings were made after fixating the markers and electrodes. 

First, one static trial, then the four exercises and lastly two MVIC tests. All equipment 

recorded data for all recordings, but not all data was extracted for further processing. 

From the static trial only motion capture data was needed and used to calculate 

coordinate system of the pelvis. For recordings of the exercises, both movements of the 

markers, force data and EMG were relevant. This to be able to calculate torque and 

analyze muscle activation during the exercises. The MVIC tests do not require 

information about the markers position and are the only recordings where the subjects 

were not in capture volume. Force data is not relevant either, therefore only EMG data 

is extracted from these recordings. The result of the tests was used as a reference value, 

to normalize the EMG signal acquired from the exercises.  

The tests were carried out by the undersigned master student, with assistance of a 

master student in sports science and a qualified orthopedic surgeon. The latter person 

was responsible for palpating to the anatomical landmarks to attach the markers and 

electrodes. 

3.6 Exercise Description  

To perform the four exercises, a sling and a step platform was used. The set-up of the 

sling is shown in Figure 3-7, and the step is shown is use in Figure 3-8, Figure 3-9, 

Figure 3-10 and Figure 3-11. The subject’s right leg was placed in the sling and the 

step was used to place one or two hands on. The sling hung from the load cell that hung 

from a barbell placed on a squat rack. The rack could be adjusted up and down leading 

to different heights for the sling. In this project, two heights were used. The distance 

from the ground to the inside of the sling (where the subject’s leg was placed) was 

measured to be approximately 55 cm for the lowest position and 80 cm for the highest 

position. The step had three levels, which were 15 cm (low), 20 cm (middle) and 25 
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cm (high). The sling and step adjustment varied between exercises, but all subjects used 

the same heights. Table 3-2 shows the settings for the various exercises. The exercises 

Copenhagen adduction variant 1 (CA1), Copenhagen adduction variant 2 (CA2), one-

leg pike (OLP) and oblique plank with hip flexion and adduction (OPHFA) are 

described in the following sections.  

Table 3-3: Height settings for the sling and the step for the different exercises. 

Exercise Height level sling Height level step 

 
(low/high) (low/middle/high) 

CA1 high - 

CA1 low low 

OLP low high 

OPHFA low middle 

 

 

Figure 3-7: Set-up of the sling used to perform the exercises. The sling is attached to the load cell, 

which hangs from a barbell on a squat rack. The load cell is covered in white tape to prevent it from 

being registered as a phantom marker by the cameras. Some weight plates lie on the legs of the rack 

for safety reason to prevent the setup from falling over. 

3.6.1 Copenhagen adductor variant 1 (CA1) 
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The CA1 exercise is shown in Figure 3-8 and intendeds to resemble the original version 

of the Copenhagen adductor exercise described by Serner et. al [24] as follows: 

“A partner exercise where the player is lying on the side of the non-

dominant leg with one forearm as support on the floor and the other arm 

placed along the body. The dominant leg is held at approximately the 

height of the hip of the partner, who is holding the leg with one hand 

supporting the ankle and the other supporting the knee. The player then 

raises the body from the floor and the non-dominant leg is adducted so 

that the feet touch each other and the body is in a straight line. The body 

is then lowered halfway to the ground while the foot of the non-dominant 

leg is lowered so that it just touches the floor without using it for 

support.” 

The exercise was, however, modified for this project. Because of load measurements, 

a person couldn’t hold the foot, which instead were supported by the sling. 

Nevertheless, it was desirable to keep the foot in the sling as still as possible. Therefore, 

a person stood holding his hand against the foot and was to make sure that the foot did 

not go further back. However, this did not prevent the foot from moving forward. The 

knee was not supported either. All subjects had their right foot in the sling, whether it 

was their dominant or non-dominant leg. The height in the description is very 

dependent on the partner’s body proportion. In this project, the sling was about 80 cm 

above the floor for all. In order not to disturb markers on the foot, the sling was moved 

slightly above the ankle. Serner et. al [24] described the position and movement of the 

free arm and foot, but the participants in this project received no instruction about these 

limbs - except that the arm should not cover any markers. This exercise was the only 

one with the high position of the sling. It was decided that CA1 should be performed 

first, and afterwards the sling was moved down. 
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Figure 3-8: A subject performing the Copenhagen variant 1 exercise, and a person from the test 

personnel holding his hand against the subject’s right foot to prevent it from going backwards. Left: 

top position of the exercise, also the start and stop position. Right: bottom position, which is halfway 

through the exercise. 

3.6.2 Copenhagen adductor variant 2 (CA2) 

The CA2 exercise is shown in Figure 3-9. This is also a side-lying exercise and is 

similar to CA1, but with some adjustments. The sling is lower, and the supporting 

forearm is raised with the step. This means that the height difference between the foot 

in the sling and the supporting forearm is quite much smaller than in CA1, and it allows 

for a greater range of motion of the pelvis. The sling is placed on the middle of the calf. 

The exercise starts when the left shoulder is directly above the left elbow and the body 

is in a straight line. The body is then lowered simultaneously as the arm on the step 

pushes the body backwards. The body is lowered and moved backwards as far as the 

person can do so in a controlled manner. Then the body is lifted back to the top position 

in a controlled manner. The whole exercise should be done with a straight body, 

without flexion in the hip joint. As in the CA1 exercise, the subjects received no 

specific instructions about the left foot and right hand, except to not cover any markers. 
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Figure 3-9: A subject performing the Copenhagen variant 2 exercise. Left: top position of the exercise, 

also the start and stop position. Right: bottom position, which is halfway through the exercise. 

3.6.3 One leg pike (OLP) 

Figure 3-10 shows the OLP exercise. This starts as an elbow plank, with both forearms 

on the step and the right foot in the sling. The sling is placed on the middle of the calf. 

The highest level of the step is used to have the right foot and shoulders of 

approximately the same height in the starting position. The body is pushed backwards, 

as far as the subject can. Then the foot is pulled in towards the rest of the body by 

making a flexion in the hip and at the same time lifting the backside towards the ceiling. 

From here is there an extension in the hip and the body is lowered to the starting 

position – and directly pushed backwards into the next repetition. The whole movement 

should be controlled. The subjects were asked to keep their left foot apart from their 

right foot to not cover the marker medially on the knee. For the subsequent analyses, 

the top position was defined as start and stop of one repetition. This was done to 

simplify the analyzes by dividing the exercise into a downward (eccentric) phase and 

an upward (concentric) phase. 
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Figure 3-10: A subject performing the one leg pike exercise. Left: top position of the exercise, which 

is defined as the start and stop position for analysis purposes. Right: bottom position, which is defined 

as halfway through the exercise for analysis purposes. 

3.6.4 Oblique plank with hip flexion and adducton (OPHFA) 

The OPHFA exercise is demonstrated in Figure 3-11. It is something in between CA2 

and OLP and intends to resemble a soccer pass. This exercise is performed with the 

body at an angle of approximately 45 degrees to the floor. The sling is placed on the 

middle of the right calf. The left forearm and right hand are used as support on the step. 

The starting position is like that of the CA2 exercise, but the body is rotated 45 degrees 

about its longitudinal axis. The exercise starts with lowering the body and at the same 

time pushing it backwards, just like in CA2, but the movement is oblique. From here 

the body is raised obliquely towards the ceiling by flexion and adduction in the right 

leg. The body is then lowered back to the starting position. The free left foot should be 

behind the right foot during the upward phase (like the standing foot during an inside 

pass is behind the kicking leg). As with the OLP, the top position is defined as the 

position of start and stop for the analyses afterwards.  
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Figure 3-11: A subject performing the oblique plank with hip flection and adduction exercise. Left: top 

position of the exercise, which is defined as the start and stop position for analysis purposes. Right: 

bottom position, which is defined as halfway through the exercise for analysis purposes. 

3.7 Maximum Voluntary Isometric Contraction (MVIC) test 

MVIC tests were performed to define a reference contraction to normalize the EMG 

recordings from the four exercises. Two isometric tests were conducted, one for each 

of the muscles. As the term MVIC implies, the tests consist of maximum contractions 

against a fixed object by a static muscular work. This is conducted to normalize EMG 

signal to a reference value, which enables comparison between exercises and subjects. 

The following sections describe the test procedure for the MVIC tests of the adductor 

longus and the rectus femoris. One person in the test personal counted seconds during 

the test but did that without a timer. It also varied who was responsible for this, leading 

to an uncertainty as to whether maximum contraction was actually performed over the 

time it was supposed to.  

3.7.1 Adductor longus MVIC 

The MVIC test for the adductor longus muscle were performed supine with the hip and 

knees straight and the arms placed next to the body, as shown in Figure 3-12. The 

ankles were placed in a ForceFrame (Vald Performance, Alboin, Australia). The 

subjects were instructed to do maximum bilateral hip adduction for 5 seconds, go 

straight to maximum bilateral hip abduction for 5 seconds, followed by a 10-second 

break. This was repeated three times. The distance between the ankles of the adduction 
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was measured to be 18 cm. The ForceFrame measures the force that the subjects exert 

on it, but data from this is not relevant for this project. Nor is the abduction part of the 

test. The force results were however used to determine which of the repetition to use 

for analysis.  

 

Figure 3-12: A subject performing the MVIC test for the adductor longus muscle. Right: a maximum 

bilateral hip adduction contraction. Left: a maximum bilateral hip abduction contraction.  

3.7.2 Rectus femoris MVIC 

Figure 3-13 shows the MVIC test of the rectus femoris muscle. This test was performed 

sitting on a chair. An object was placed slightly above the subjects’ thighs. With a knee 

flexion, the subjects lifted their right foot slightly above the ground and pushed all they 

could against the object one time for 5 seconds. The subjects could hold on to the sides 

of the chair while pushing. 
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Figure 3-13: A subject performing the MVIC test of the rectus femoris muscle, by doing a maximum 

contraction against an object above his right thigh. 

3.8 Data Processing 

First step of the data processing was to go through each recording in QTM in order to 

decide which part was to be used further in the analyses. For the MVIC test, only raw 

EMG data was reviewed. One second of maximum contraction was chosen. In general, 

this time was approximately in the middle of the contraction. But if raw EMG signal 

showed a clearly greater burst earlier or towards the end of the test, then this affected 

the choice. The MVIC test of rectus femoris included only one repetition and thus part 

of this repetition was analyzed. MVIC of adductor longus had three repetitions. The 

repetition with the greatest force output on the ForceFrame was chosen, since recruited 

motor units gradually increases in an isometric contraction [41]. For the static trial, also 

one second, the first second, was selected. Before the selection was made, a labeling 

list was made with names of all markers, and each marker was identified based on this 

list. In addition, lines, so-called “bones” were made between markers. This is not 

anatomical bones but made it possible to visual the connection between markers. The 
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bones are shown as yellow lines between the green markers in the left part of Figure 

3-1. The identification of the markers and creation of bones was also done for each 

recording of the exercises. This made it easier to visual the movements and to detect 

any errors during the performances, such as markers disappearing. One repetition of 

each exercise was selected for further analysis. The choice was made based on several 

factors: the important markers (on the load cell and the pelvis) should be present as 

much as possible and the EMG signal had to be valid. Time at start position (top), 

halfway through the exercise (bottom) and stop position (top) of the exercises were 

manually selected. For every recording, the marker frames (from 200 Hz samplings 

frequency) that constituted the selected period was noted. 

The one selected second from the MVIC test was rectified and processed using root 

mean square, and this value was defined as reference value for a given muscle and 

subject. For the exercises, raw EMG data was rectified and smoothed with a window 

length of 200 (100 ms) based on recommendations by Konrad [43]. The processed 

EMG signal was divided by the reference value to find normalized signal as %MVIC. 

Normalized peak value and mean value with the corresponding standard deviation were 

extracted to use for statistical comparisons, and to calculate average values of all 

subjects. 
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Figure 3-14: An example of how EMG data was processed. This example is from one subjects’ 

performance of the oblique plank with hip flexion and adduction exercise. 

Average positions of the markers in the static trial were defined to be the position of 

the markers in the static pose. Local coordinate system for pelvis was found, for both 
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static trial and throughout the exercises. Origin of the axis cross was midway between 

right and left anterior superior iliac markers (markers number 11 and 12 in Table 3-1 

Figure 3-1), and the y-axis was defined to lie on the line between these markers with 

positive direction towards the subjects left side. The direction of the x-axis was along 

a line between the origin and midway between the right and left posterior superior iliac 

spine (markers number 13 and 14 in Table 3-1 Figure 3-1), with positive direction 

outwards from the person on the anterior side. Perpendicular to these the z-axis was 

found. For recordings where one of the markers on the pelvis was missing, that markers 

was interpolated based on the three other pelvis markers. A gap limit was set to 100 

samples (0.5 seconds), any recordings with greater gap were discarded. Right hip 

centers were found by the local coordinate system of pelvis and the distance between 

right and left anterior superior iliac markers (the two markers in the front of pelvis). 

The joint was calculated to be at 19% av the distance in negative x-direction, 36% in 

negative y-direction and 36% in negative z-direction [97]. 

Data from the load cell were smoothed by moving average with a window length of 50 

(50 ms) (see Figure 3-15), recalculated from Volt to force (F), normalized by the 

subject’s mass (nF), and then resampled to match the samples of the right hip center. 

The moment arm (r), the shortest distance from the hip center to a line from the top 

marker on the load through one pair of markers lower on the cell, were determined 

throughout the exercises. Review of the recordings showed many cases where the high 

or low markers on the load cell were missing for periods. It was decided to draw a line 

between the top marker and the middle of the lower markers, when possible, in the 

other cases the high markers were visible at all times and were used. Normalized torque 

(nτ) was then calculated using the following formula: 

𝑛τ =  𝑛𝐹 ⋅ 𝑟 

Normalized peak and mean value during one repetition, with corresponding standard 

deviation, were calculated for each subject and extracted for statistical comparison and 

to find average values of all subjects. 
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Figure 3-15: An example of how data from the load cell was processed using moving average. This 

example is from one subjects’ performance of the one leg pike exercise. 

Figure 3-16 illustrates the motivation behind motion capture and force measurements. 

 

Figure 3-16: Variables of interest from motion capture and force measurements, provided as an 

example from the bottom position of the Copenhagen adductor variant 1 exercise. 
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The EMG and torque data for each exercise was also time normalized. The EMG data 

was first resampled to match the samples of hip center and torque, so that no single 

point marked the bottom position. Then both data of muscle activation and force were 

separated into on eccentric phase and one concentric phase and interpolated to 50001 

points. The last point of the downward phase and the first point of the upwards phase 

was equal and defined as the value in the bottom position. The mean data for all 

participants throughout the exercises was found and plotted.  

One-way analysis of variance (ANOVA) was used repeatedly to compare data between 

the four exercises. Type of exercise were thus the independent variable, and analysis 

were run for the dependent variables peak %MVIC for each of the two muscles, mean 

%MVIC for each of the two muscles and peak and mean of normalized torque. With a 

p-value set to 0.05, the ANOVA tests revealed if there was any significant difference 

between the exercises. In cases with significant differences, post hoc tests were 

performed to determine where the differences came from. How the analysis were 

carried out, and other data processing can be seen in Appendix G and Appendix H. 

3.9 Ethics  

The ethical committee of the Norwegian School of Sport Sciences and the Norwegian 

Centre for Research Data approved the study. For applications and approvals see 

Appendix A, Appendix B, Appendix C and Appendix D.  All subjects signed a written 

informed consent form (Appendix E), where their rights of participation were 

presented. Participation was voluntary and they could withdraw their consent at any 

time without having to provide a reason. All collected personal data were non-

identifiable. The risk of injury by participating was minimal, the squat rack was secured 

to avoid accidents, and players could not participate with an ongoing groin injury. All 

the equipment used for measurements were non-invasive. Photos of one subject was 

taken and are presented in this thesis, with permission.  
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4. Results 

The analyzes are done based on data from 18 subjects, but some recordings had to be 

rejected due to absent markers that exceeded the gap limit. This applied to one subject 

in CA2 and four in OPHFA, thus n = 17 in CA2 and n = 14 in OPHFA remained. The 

EMG data were nevertheless included in the analysis, as it is independent from motion 

capture.  

4.1 Muscle activity 

The extracted and processed EMG data were used to find results of muscle activity. 

The variables peak %MVIC and mean %MVIC are presented here, and these data were 

analysed with ANOVA and post-hoc analysis. Peak %MVIC (further abbreviated to 

“peak”) is the average of every subject’s maximum EMG value divided by their own 

reference value for a given exercise and muscle. Mean %MVIC (further abbreviated to 

“mean” value) is the average of every subject’s mean EMG signal divided by their own 

reference value for a given exercise and muscle. 

ANOVA and subsequent post hoc analysis for the adductor longus muscle showed no 

significant differences between CA1, CA2 and OPHFA in mean nor peak values. OLP 

had means values significantly lower compared to the three other groups for both peak 

and mean. With the lowest difference to CA1 for mean on 28.2 (95% CI: 4.5 – 51.9), 

and the least difference to CA2 for peak on 56.2 (95% CI: 11.0 – 1.01). That OLP is 

lower is natural, as it is the only one of the exercises that does not include adduction in 

the frontal plane, which is the main function of the adductor longus. For mean EMG 

the true difference between CA1 and CA2 was 5.1 (95% CI: -18.6 – 28.7), 5.2 (95% 

CI: -18.5 – 28.9) between CA1 and OPHFA and 0.1 (95% CI: -22.8 – 23.1) between 

CA2 and OPHFA. The following applies for peak EMG: 3.3 (95% CI: -43.4 - 49.7) 

between CA1 and CA2, 2.1 (95% CI: -44.5 – 48.7) between CA1 and OPHFA and -
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1.2 (95% CI: -46.3 – 44.1). Between the sexes, a significant difference was found for 

mean adductor longus in CA1 (p = 0.009), with the highest activation for women.  

For rectus femoris ANOVA analysis revealed significantly differences (p < 0.05) 

between the groups in both mean and peak. Post hoc analysis showed that OLP had 

significantly higher values than CA1, CA2 and OPHFA (p < 0.0001 for all). No 

significantly differences were found between CA1, CA2 and OPHFA for mean rectus 

femoris. For peak values, OPHFA had significantly higher values than CA1 (p = 

0.027), but significantly differences were not found between OPHFA and CA2 and 

between CA2 and CA1. Since OLP includes pure flexion of the hip joint, it is not 

surprising that it has higher values than CA1 and CA2 which does not consist of 

movement in the sagittal plane. More interesting is the relation between OLP and 

OPHFA and between OPHFA and CA1/CA2. The execution of OPHFA also includes 

a flexion of the leg, but significantly lesser activation than OLP, and a %MVIC 

difference of 145.8 (95% CI: 89.6 – 201.9) for peak and 92.2 (95% CI: 70.2 – 114.2) 

for mean. This is a difference of almost one and a half and one time a maximum 

isometric contraction. Between CA2 and OPHFA the differences are 14.3 (95% CI: -

7.7 – 36.3) for mean and 50.8 (95% CI: -5.4 – 106.9) for peak. Between CA1 and 

OPHFA 19.9 (95% CI: -2.1 – 41.9) is the difference for mean and 61.4 (95% CI: 5.2 – 

117.2) for peak. The latter is the only Copenhagen-variant significantly different from 

OPHFA. None significantly differences between the genders were found for rectus 

femoris.  

Table 4-1 and Figure 4-1 shows peak and mean muscle activation for adductor longus 

and rectus femoris during performance of the four exercises. All peak values of 

adductor longus is above the reference value from the MVIC test. Although the 

differences were not significant, CA2 and OPHFA have a slightly higher mean value 

than CA1 for adductor longus but CA1 has the highest peak value. The greatest peak 

and mean values of all are found in rectus femoris for OLP. Both mean and peak of 

adductor longus in OLP is greater than the values for rectus femoris in OPHFA – 

although OLP do not include adduction, but OPHFA do include flexion of the leg. 
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Values of adductor longus is higher than the corresponded values of rectus femoris in 

OPHFA, which means that the performance of the exercise required recruitment of 

more motor unit in adductor longus than rectus femoris. That OLP has higher values 

of adductor longus than CA1 and CA2 has for rectus femoris, may be due to the fact 

that adductor longus helps to stabilize the pelvis and contributes as a flexor while rectus 

femoris do not act as an adductor. The presented standard deviations are also relatively 

large, which indicates a large variance among the subjects. Although it was not 

documented in any way, it was observed a big difference in how challenging and heavy 

the subjects experienced the exercises, something that could explain this variation. 

 

Table 4-1: Mean and peak electromyographic activation for adductor longus and rectus 

femoris during performance of the four one-foot dynamic plank exercises.  

 CA1 CA2 OLP OPHFA 

Adductor longus,  

peak ± SD (% MVIC) 
160.8 ± 67.3 * 157.6 ± 56.5 * 101.4 ± 29.8 ^✰¤ 158.7 ± 47.1 * 

Adductor longus,  

mean ± SD (% MVIC) 
78.1 ± 33.1 * 83.2 ± 26.5 * 49.9 ± 19.5 ^✰¤ 83.3 ± 25.8 * 

Rectus femoris,  

peak ± SD (% MVIC) 
34.9 ± 23.0 *¤ 45.5 ± 41.8 * 242.1 ± 100.0 ^✰¤ 96.3 ± 63.8 ^* 

Rectus femoris,  

mean ± SD (% MVIC) 
14.9 ± 8.8 * 20.5 ± 8.6 * 127.0 ± 43.4 ^✰¤ 34.8 ± 25.0 * 

^ Significantly different to CA1 

✰ Significantly different to CA2 

* Significantly different to OLP 

¤ Significantly different to OPHFA  
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Figure 4-1: Mean and peak electromyographic activation, with error bars, for adductor longus and 

rectus femoris during performance of the four one-foot dynamic plank exercises.  

Figure 4-2 shows how the electromyographic activation changes through the exercises. 

There are no distinct peaks for any of the exercises or muscles, but it looks like there 

is a tendency for CA1, CA2 and OPHFA to require more activation of adductor longus 

and for OLP to have higher rectus femoris activation in the concentric phase than in 

the eccentric phase. The activation of adductor longus in OLP is quite small at the top 

position (start and stop), less help is probably required here to stabilize the pelvis as 

the upper body can contribute more to this (Figure 3-10). CA1 seems to be the exercises 

with greatest variation of activity, and OLP seems to have a higher activation than CA1 

for a small period towards the end of the eccentric phase. The plot of rectus femoris 

also illustrates well that there is much more activation during performance of OLP than 

the others, and that OPHFA always lies above CA1 and CA2.  



 

60 

  

 

Figure 4-2: Muscle activation of adductor longus and rectus femoris, and torque normalized to time, 

from start to stop of one repetition. The vertical line represents the bottom position of the exercises. To 

the left of this line is the eccentric (downward) phase of the exercises, while the concentric (upward) 

phase is to the right. The plot represents mean values of all subjects.  

4.2 Torque 

The results for torque were found by a combination of motion capture and force 

measurements. Presented and analysed peak values are the average of every subject’s 

maximum torque value divided by their mass for a given exercise. Presented analysed 
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mean values are the average of every subject’s mean torque value during one repetition, 

divided by their mass for the given exercise. 

ANOVA analysis revealed none significantly differences in mean torque (p = 0.89 > 

0.05) nor peak torque (p = 0.91 > 0.05). The results of peak and mean can be found in 

Table 4-2, and Figure 4-3 shows the similarities of the values. There were also no 

significant differences between men and women.  

Table 4-2: Mean and peak torque during performance of the four one-foot dynamic plank exercises.  

 CA1 CA2 OLP OPHFA 

Torque,  

peak ± SD (Nm) 
281.6 ± 80.5 301.9 ± 88.2 286.4 ± 83.5  294 .5 ± 89.4 

Torque,  

mean ± SD (Nm) 
228.4 ± 30.7 238.5 ± 36.0 220.7 ± 80.2 225.5 ± 37.2 

^ Significantly different to CA1 

✰ Significantly different to CA2 

* Significantly different to OLP 

¤ Significantly different to OPHFA  

 

How torque changes though the exercises are showed in Figure 4-2. The maximum 

values seem to be greatest early in the concentric phase, for all exercises. The load 

seems to increase steadily up to this point and decrease evenly right after. In the bottom 

position, the CA1 has the lowest value. This exercise has the highest setting of the sling 

and is performed without the step, leading to the biggest height difference between the 

foot in the sling and the supporting arm. Of all exercises, this position of CA1 has the 

greatest adduction angle of the leg. At the beginning and end of the exercises, the load 

is smallest for OLP. This is probably because a large portion of the subject’s weight is 

above the step. OPHFA is similar to OLP in these positions and is the one with second 

least torque. Torque for both CA1 and CA2 seems to be quite higher in the top position, 

and more evenly throughout the exercises.  
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Figure 4-3: Mean and peak torque normalized to the subjects’ mass, with error bars, during 

performance of the four one-foot dynamic plank exercises. 

4.3 Execution of the exercises 

The exercises were not standardized in terms of time, and the exercises were thus 

performed over different periods of time, see Table 4-3. The duration of CA1 was the 

shortest, followed by CA2. OLP and OPHFA lasted the longest. Most of the examined 

repetitions had a temporally longer eccentric phase than concentric.   
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Table 4-3: Average time with standard deviation spent on each exercise, the ratio of eccentric versus 

concentric time, and range of both variables. 

 Total time (seconds) Eccentric/concentric time 

Exercise Mean ± SD Range Mean ± SD Range 

CA1 2.77 ± 0.61 1.80 – 4.15 1.71 ± 0.37 1.15 – 2.49 

CA2 3.92 ± 0.68 2.85 – 5.46 1.47 ± 0.34 0.95 – 2.16 

OLP 4.59 ± 1.02 3.25 – 6.40 1.49 ± 0.33 1.12 – 2.57 

OPHFA 4.45 ± 1.27 2.65 – 7.20 1.41 ± 0.27 1.00 – 1.95 

 

Figure 4-4, Figure 4-5, Figure 4-6 and Figure 4-7 shows the angle of pelvis in relation 

to the floor for respectively CA1, CA2, OLP and OPHFA. More specific, they show 

the angle between the local pelvis y-axis and the global x-axis of the laboratorium. The 

plots are made mainly to explain how the body is tilted. For CA1 the high sling height 

will affect the angle, especcialy for those with the shortest legs in top positions. 

Neverthless, many show to have a consistency around 90 degress. Some of the 

exceptions are shown in plot 3 and 9, which has a relative constant angle smaller and 

larger than 90 degrees, and plot 5 with a very unstable pelvis position. For CA2, many 

had a good angle of approximately 90 degrees throughout the exercise, but also litte 

rotation of the pelvis for some subjects. The same applies to OLP, but with an angle of 

0 relative to the groud. OPHFA had the most rotation of the pelvis, with a tendency for 

the greatest angle in the middle of the exercise. The angles appears to be more often 

above 45 degress than it is below 45 degrees, indicating that the exercise is more similar 

to CA1/CA2 than OLP. 
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Figure 4-4: Angle of pelvis in relation to the floor during one repetition of the Copenhagen adductor 

variant 1 exercise.  
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Figure 4-5: Angle of pelvis in relation to the floor during one repetition of the Copenhagen adductor 

variant 2 exercise.  
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Figure 4-6: Angle of pelvis in relation to the floor during one repetition of the one leg pike exercise. 
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Figure 4-7: Angle of pelvis in relation to the floor during one repetition of the oblique plank with hip 

flexion and adduction exercise. 

4.4 Comparison to other works  

Peak normalized EMG of adductor longus in Copenhagen adductor is the only 

measurement done in this project which has also been investigated in one previous 

publication, by Serner et. al [24]. This study found a 108 ± 5 %MVIC for the dominant 

leg, and 69 ± 6 %MVIC for the non-dominant leg. Only the subjects’ right foot, 
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regardless of whether it was the preferred foot or not, was tested in this master thesis. 

The result here, 160.8 ± 67.3 %MVIC, is quite higher, although the execution intended 

to be as similar as possible to the standardization the exercise described by Serner et. 

al [24]. Different execution may still be part of the explanation for the difference. 

Another reason may be due to different procedure of finding reference contractions. In 

both studies the subjects performed a MVIC test for adductor longus by a bilateral hip 

adduction with the hips and knee straight in a supine position. In this study a fixed 

object were placed between the subject’s ankle, while a ball was placed between the 

subject’s knees in the previous study. Another difference is the gender of the subjects. 

In this study both men and women participation, while only men conducted the exercise 

in the study by Serner et. al. This is probably of little importance as there were none 

significantly difference between the sexes in peak EMG. Further, CA2 and OPHFA 

showed no significant difference to CA1, and has also a much higher muscle activation 

value then the former measurement. Even OLP (101.4 ± 29.8 %MVIC), performed 

without a hip adduction, had almost the same activation as the dominant foot and a 

clearly greater value than the non-dominant. To compare with other common hip 

adductor exercises in another study [93], the greatest value of peak and average EMG 

was found in a side-lying hip adduction exercise, with peak of 60.1 ± 16.2 %MVIC and 

average of 22.4 ± 5.5 %MVIC. These are lower values than all results found through 

this project. The lowest peak and mean value here was for the OLP, with values of 

respectively 101.4 ± 29.8 %MVIC and 49.9 ± 19.5 %MVIC. 
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5. Discussion  

With a focus on possible groin injury prevention, this study investigated 

electromyographic activity of the adductor longus and rectus femoris muscles, and hip 

joint moment during performance of four exercises. To my knowledge this is the first 

study to examine rectus femoris activation and to integrate measurements of torque in 

groin related exercises for injury prevention.  

5.1 Main Findings 

One of the investigated exercises is common practice to include in groin prevention 

work today, namely the Copenhagen adductor exercise (CA1) [34]. This exercise is 

feasible almost anywhere, even on the soccer pitch, and can be conducted prior to or 

after a training session. This opportunity to easy implement the exercise in a soccer 

player’s training routine, is an advantage of the exercise [24, 33]. Even though the 

exercise has proven to increase eccentric hip adduction strength over an 8-week period 

[35], it is a bodyweight exercise where the progression mainly relies on adding 

repetition and not increase the intensity of the exercise. The ability for these kinds of 

exercises to elicit large strength gains has been questioned by specialists [34], as it is 

well documented that progression is important for developing muscle strength [42]. 

For this project, a new exercise (CA2) very similar to CA1 but with some modifications 

were designed with the intention of having a greater load. However, the results showed 

no significant difference either in muscle activation or hip torque between these two 

exercises. CA2 is also a bodyweight exercise, and therefore have the same limitations 

when it comes to intensity increase. But if the exercise on the other hand had appeared 

to have a significantly higher load than CA1, it would be very appropriate to further 

investigated its effect on groin problem prevention. A significant difference in the 

intensity of the exercises would have provided useful information regardless of which 

exercise seemed the heaviest, as it had created a basis for grading the exercises. When 

it comes to prevention and rehabilitation of injuries, the most challenging exercise is 
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not always the best to choose, because the appropriate exercise intensity should match 

the different phases of treatment and prevention [24, 93]. If an injury has first occurred, 

exercise intensity should gradually increase during rehabilitation [26], and therefore 

knowledge of low-intensity exercises is also useful. OLP had significantly lower 

adductor longus activation than the other exercises, but still considerable, as the peak 

value exceeded the reference value. Clinicians should consider using this exercise as 

part of rehabilitation of groin injuries. The original Copenhagen adductor is a high-

intensity exercise [24], and if the load had been different from CA2 it could have been 

recommended to perform for a period before CA1 or as the next level when CA1 

becomes too easy. A limitation with CA2 relative to CA1 is it need for a sling (or 

something similar) for execution and is thus not as accessible as CA1. In the 

performance of CA2, the subjects were to push themselves backwards. The hypothesis 

of greater load came from an assumption of a longer moment arm in the bottom 

position. It varied whether the moment arm was larger or not compared to the moment 

arm in CA1. The shorter the legs of the subjects, the larger is generally the hip 

abduction angle in CA1 in the bottom position, which makes for a smaller moment 

arm. In the set-up of CA2, the height difference between the supporting arm and the 

foot is much smaller, and the angles will vary much less. Another difference between 

the exercises is the location of the sling. In CA1 it was placed slightly above the angle, 

while it was placed on the middle of the calf in CA2. This also affects the length.  

Most preventive groin injury exercises focus mainly on hip adduction movement. This 

thesis additionally aimed to investigated hip flexion as the rectus femoris muscle is also 

prone for groin injuries [25, 26]. The two exercises OLP and OPHFA both include hip 

flexion, the first one as its only movement around the hip and the last in addition to hip 

adduction. Since adductors are most commonly injured [25-27], it was never an 

intention of this project to suggest an hip flexion exercise to replace hip adduction in 

prevention of groin problems. Rather, the purpose of investigating OLP and OPHFA 

was twofold: to provide information on whether OLP is a good exercise for 

strengthening rectus femoris, and to compare the load of OPHFA against adductor 
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longus activation in CA1/CA2, rectus femoris activation in OLP and torque off all. By 

similar adduction results between OPHFA and CA1/CA2, similar flexion result 

between OPHFA and OLP and a high activation of rectus femoris during OLP, it could 

have been suggested to perform the OPHFA instead of CA1/CA2 and OLP. Which 

would have saved time, as one exercise is half as many as two. This would have been 

very advantageous, with one single exercise having “the best of both worlds”. 

However, this was not the case. OLP did show high activation of rectus femoris, but 

the activation in OPHFA was significantly lower. Rectus femoris activation of OPHFA 

was similar to CA2 for mean and peak, and similar to CA1 for mean. A difference was 

found in peak rectus femoris for OPHFA and CA1, which shows a small trend of 

OPHFA having a greater loas than CA1. OPHFA was also similar to CA1 and CA2 for 

all adductor longus results. Figure 4-7 may explain some of the reasons why OPHFA 

are more like CA1 and CA2, than OLP. The execution of OPHFA seems to be more 

like the Copenhagen variants, which indicates that the movement for many of the 

subjects consisted of more adduction than flexion. With none significantly differences 

between torque in any of the exercises, this study shows clear evidence that CA1, CA2 

and OPHFA is better for adductor longus intensity while OLP is the best for rectus 

femoris. Although OPHFA have similar outcome scores as CA1 and CA2, it has one 

important characteristic that stands out, namely the sport-specific movement. OPHFA 

intends to resemble a soccer pass. Kicking is presented as one mechanism commonly 

resulting in groin injuries [23, 25, 85, 87]. It would be interesting for future studies to 

investigate the effects of exercises matching common movements and injury 

mechanisms in the sport.  

This work has investigated the amplitude parameters peak and mean for muscle 

activation. Another parameter that could have been interesting to examine is the EMG 

area, that is the mathematical integral under the EMG amplitude for the duration of a 

certain period [43]. This variable also takes the time perspective into account. With a 

greater range of motion, such as in OLP and OPHFA, the muscles were active for a 

longer period and the total load may have been greater. An alternative is to standardize 
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exercises by time, for example 3 seconds in concentric phase and 3 seconds in eccentric 

phase. In the trials in this project, the subjects executed the exercises over the time they 

found most convenient for them, which probably reflects the time they would use in 

training.  

5.2 Methodological Assessments  

The selection consisted of soccer players of both genders with a great variation on 

playing level. This was determined because groin injuries can incur for all footballers, 

and this group of subjects represents a great variety among soccer players active today. 

This also led to a large dispersion of results. CA2, OLP and OPHFA were new 

suggested exercises for prevention of groin injury, but CA1 was known to many of the 

players. Some did the exercise regularly, others sometimes while some had never 

performed it. Not precisely documented, but conversations with the subjects during the 

test sessions indicated a correlation between higher playing level and frequency of 

performing the exercise. To ensure better and more equal execution of the exercises, it 

would have been beneficial if the subjects attended two test sessions, the first to make 

them familiar with the exercises and the second to do the recordings. However, this had 

required more time from the participants, of which it was initially difficult to recruit 

enough.  

When it came to muscle selection, it was natural to include adductor longus as this is 

the muscle most often injured. This study aimed to investigated exercises in which 

several of the muscles exposed to groin injury were activated to a large extent. The 

main limitation with surface EMG is the fact that only superficial muscles can be 

recorded [43], this precluded measurements of iliopsoas. It would not have been 

practical to use intramuscular EMG either. Rectus femoris, on the other hand, could be 

examined as a superficial muscle. Since a considerable proportion of groin injuries is 

abdominal-related, it would have been advantageous to include some abdominal 

muscles in the project. This was originally intended, and recordings were actually 
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conducted with electrodes on the abdomen, but an unfortunate error meant that the data 

had to be discarded.  

The main reason for including CA1 in the trial was to be able to compare the new 

exercises with an exercise that is commonly used in prevention work today. In the 

original Copenhagen adductor exercise [24], the upper foot is held approximately at 

the height of a partner. The height of the partner will largely determine how high the 

foot is held, and thus also effect the angle of the body and the possible range of motion. 

According to the description, the “set-up” for the exercise depends more on the body 

proportions of the partner rather than the executors. This means that one athlete can 

perform the partner exercise differently from time by time, if done with different 

people. It also makes it difficult to standardize one exercise to represent the practice in 

the best possible way. The height used in this project was nevertheless the same for all. 

It was reported by almost everyone who were familiar with performing the Copenhagen 

adductor exercise, that they were used to having their foot lower. This may indicate 

that the standardization of CA1 failed to represent how the exercise is commonly 

performed in the soccer community today, and the comparisons with CA1 will not be 

an accurate comparison of the work done in the field today.  

All normalized peak EMG value for adductor longus, and peak and mean for rectus 

femoris in OLP exceed the maximum voluntary isometric contraction value. This is not 

totally uncommon, but it means that the contraction in the MVIC test did not record 

the muscles maximum potential of muscle fibres recruitment. The results of rectus 

femoris in OLP was particularly high and the test should have been different. The 

MVIC test were conducted with a knee flexion, but all exercises were conducted with 

a straight leg. Another test with straight leg should have been performed instead, as 

rectus femoris probably contributes with knee flexion as well during the exercises. The 

performed MVIC test for adductor longus were a standardized test for 

adduction/abduction force with other purposes beyond this project. It was conducted 

this way to enable future studies to use these force measurements. The maximum force 

values were used to determine which of the three contractions to use in finding the 
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reference value. For ten of eighteen subjects the maximum force value was found in 

the second repetition. Six subjects performed the highest value in repetition number 

three, and only two in the first repetition. Since most subjects did not have the highest 

force value in the first repetition, it could have been beneficial to conduct several 

repetitions in the MVIC of rectus femoris as well, and/or ensured that the athletes were 

familiar with the motion beforehand. 

For EMG measurements in general, several factors can affect the signal being detected. 

According to Konrad [43] such factors can be tissue characteristics, physiological cross 

talk, changes in the geometry between muscle belly and electrode site and external 

noise. Even though the human body is a good electrical conductor, the type, thickness 

and temperature of tissue between the muscles and skin surface influence the signal 

[43]. The moisture of the skin and the presence of superficial skin oil may affect skin 

impedance, and also influence the recorded signal [50]. Energy from neighboring 

muscles can spread into the recording field and add to the signal of the muscle being 

examined. This is called cross talk, and if this is present it usually does not exceed 10-

15% of the overall signal. All dynamic movements involve the risk of changes in the 

geometric relationship between the detection site and the muscle [43]. These are all 

things that may have influenced the results in this thesis. During several recordings, 

electrodes fell off, and they had to be reattached. It is possible that they were not 

positioned in the exact same location as the first time, which will possibly affect the 

signal. Another thing that may have a large impact on the detected signals, is the lack 

of proper skin preparation, which is claimed to be important for the quality of EMG 

signals. This could have been done with hair removal and cleaning of the electrode site 

[43, 50]. Anyway, the detected signal was processed according to recommendations by 

Konrad [43]. The signal was smoothed using root mean square with a window length 

of 100 ms. This was within the numbers stated to work well in most conditions 

(between 50 and 100 ms). For faster movements the best time window can be as little 

as 20 ms, while for static activities 500 ms can be selected. Additional filter is not 
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needed in regular kinesiological EMG studies, according to Konrad, and was therefore 

not practiced.  

The load cell that was used, had a maximum capacity of 500 kg, which is far above the 

mass of every subject, and the signal showed quite a lot of noise. The data was 

processed by a moving average technique. This was not based on any 

recommendations, but several methods were tested to find a good solution. Figure 3-15 

is an example of the processing for one recording. It seems like the averaged signal 

represents the original signal well. For the purpose of this project, exact values of 

torque were not that important, but rather the behavior during exercise performance 

and the ratio of magnitudes between exercises. To find the force direction of which the 

load cell detected, motion capture of markers attached to the device were used. One on 

top of it and two pairs bilaterally further down on the load cell. A line through the top 

marker and through the center points of the paired markers provides the direction of 

force. Initially, the idea was to interpolate between all five markers. This proved to be 

difficult, as some of the paired markers blinked quite a lot. Meaning they disappeared 

for some time in the recordings. A possible cause could be that the squat rack occluded 

the line of sight for some of the cameras. However, for every exercise and subject, one 

repetition was extracted with the visibility of the top marker and at least one of the 

pairs. It was decided to determine the line of force to pass through the top marker and 

the midpoint between the lowest pair of markers, when possible. This to reduce any 

errors when placing markers, as a misplacement of the higher markers has a greater 

potential to angle the line more as they are closer to the top marker.  

Calculated torque was normalized to the subjects’ weight. Both weight and hight 

influences the magnitude of the torque, through force and moment arm. The 

normalization intends to reduce these effects.  Other possible normalization methods 

are height and body weight times height [98]. Typically, men are taller and heavier 

than women and successful normalization will reduce the gender differences. No 

gender differences in normalized torque were found for this project, and there is no 
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reason to claim it was a wrong choice of normalization method. But several factors 

play a role, and there is no basis for claiming that it’s the best choice either. 
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6. Conclusion 

This thesis has addressed the topic of prevention of groin injuries in soccer. One 

traditionally performed strength exercise in prevention work, CA1, was investigated, 

and the same measurements were also made for three other exercises, CA2, OLP and 

OPHA, which was designed and proposed with the hypothesis that they gave a higher 

load on groin structures. The torque exerted on the hip joint and muscle activation of 

adductor longus and rectus femoris, two commonly injured muscles in the groin, has 

been examined.  

The result of torque measurements showed none significantly differences between any 

of the exercises. The muscle activations varied some, note surprisingly based on the 

great difference in nature of the exercises. For rectus femoris, OLP had a significantly 

higher activation than CA1, but OLP had significantly lower activation for the adductor 

longus muscle. OLP would be the preferred exercise to choose when the objective is to 

strengthen the rectus femoris. But because of the low adductor longus activation, and 

the fact that adductor longus is the most frequent injured muscle, it cannot be concluded 

that this exercise is overall better. None significantly differences in activation of 

adductor longus were found between CA1, CA2 and OPHFA. Further, the activation 

of rectus femoris was similar for CA1, CA2 and OPHFA in mean activation but a 

significantly difference (p = 0.027) in peak was seen between OPHFA and CA1. 

OPHFA had thus one out of five variables indicating a higher load on groin structures 

than CA1. The effect of this one difference is unknown, but with all other variable 

similar, OPHFA is probably equally good or better compared to CA1 for the purpose 

of groin injury prevention. This exercise should be further investigated, as this is far 

more soccer specific than CA1 because it resamples a soccer pass, which is one 

common mechanism for groin injuries. No significant differences were seen between 

CA1 and CA2, and thus no basis for claiming CA2 to have higher load than CA1. 

Compared to CA1, which has shown an effect in preventing groin injuries, both CA2 

and OPHFA seems to be exercises with a similar prevention potential, although 
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OPHFA possible have greater potential of prevention rectus femoris related injuries. 

However, the lack of studies on activation and prevention of rectus femoris related 

groin injuries makes it difficult to draw any general conclusion. And the significantly 

higher activation during OLP indicates an even greater prevention potential. Based on 

the results, CA1, CA2 or OPHFA should be performed in combination with OLP to 

ensure high activation of both adductor longus and rectus femoris.  
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