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Muscle activity of cutting 
manoeuvres and soccer 
inside passing suggests 
an increased groin injury risk 
during these movements
Thomas Dupré*, Julian Tryba & Wolfgang Potthast 

Cutting manoeuvres and inside passing are thought to increase the risk of sustaining groin injuries. 
But both movements have received little research attention in this regard. The purpose of this study 
was to investigate the muscle activity of adductor longus and gracilis as well as hip and knee joint 
kinematics during 90◦-cutting and inside passing. Thirteen male soccer players were investigated with 
3D-motion capturing and surface electromyography of adductor longus and gracilis while performing 
the two movements. Hip and knee joint kinematics were calculated with AnyBody Modelling System. 
Muscle activity of both muscles was significantly higher during the cutting manoeuvre compared to 
inside passing. Kinematics showed that the highest activity occurred during phases of fast muscle 
lengthening and eccentric contraction of the adductors which is known to increase the groin injury 
risk. Of both movements, cutting showed the higher activity and is therefore more likely to cause 
groin injuries. However, passing might also increase the risk for groin injuries as it is one of the 
most performed actions in soccer, and therefore most likely causes groin injuries through overuse. 
Practitioners need to be aware of these risks and should prepare players accordingly through strength 
and flexibility training.

Adductor injuries are the second most common muscle injury in soccer and other  sports1,2. On average, each of 
these injuries causes 14–17 days lost of  training2,3 and accounts for 7–13% of all days  lost4. Furthermore, adductor 
injuries and other groin injuries (GI) are often  recurrent1,5,6 with the subsequent injury causing a longer absence 
from training than the first  one6. Evidently, GI are highly problematic in soccer, with recent findings suggesting 
a high number of unreported  cases7.

The literature assumes that in sports involving high amounts of kicking or inside passing (IP) and fast cutting 
manoeuvres (CM), the risk of suffering a GI is  increased8–10. Although this assumption has been widely accepted 
in the scientific community and among coaches, the evidence is scarce and specific studies on the relationship 
between GI and sport specific movements are  needed11.

While both kicking and IP are thought to contribute to the GI risk, research has mostly concentrated on full 
effort kicking  biomechanics12–14. Previous studies investigating the adductor muscle activity via surface elec-
tromyography (EMG) have also investigated full effort instep and side-foot  kicking15,16. One study found the 
highest activity of adductor longus to be combined with fast muscle lengthening during the backwards swing of 
the kicking leg, concluding, that the backswing is the movement phase most likely to suffer an adductor  strain16. 
Although it is performed twice as often as kicking during soccer  matches17, submaximal IP has been studied to a 
lesser extend regarding the GI risk. Reduced intensity side-foot kicking, similar to IP, has been shown to require 
a similar amount of muscle activity in adductor longus and adductor magnus as full effort side-foot  kicking18. As 
no normalization of the muscle activity was done in this study, the muscular load of submaximal side-foot kicking 
or IP remains unclear. Another study investigating IP showed that the modelled muscle stress in the adductors 
is high, especially in the gracilis, when compared to higher effort  activities19. Furthermore, it was shown that 
the adductor muscles experience phases of rapid lengthening during the swing phase of IP as was already shown 
for  kicking16 which further increases the risk of muscle  injuries15. These findings indicate an increased GI risk 
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due to the high amounts of passing used in soccer training and matches. But further investigations are needed 
as the previous studies used a modelling approach or their results lacked comparability to other movements.

For CM it is assumed that high physical stress on the pubic symphysis and/or high adductor activity during 
the contact phase, increase the GI  risk20,21. Few studies have investigated CM in relation to GI: They did not 
touch on basic biomechanics connecting CM to GI, but investigated specific research questions regarding already 
injured  participants22,23. Only one study showed high activity of the adductor muscles during the stance phase 
of a 45◦-CM, indicating a relation between CM and the risk of  GI20. However, a 45◦-CM is less demanding than 
greater cutting angles regarding the muscular performance, as cutting angles such as 90◦ require a complete shift 
of the centre of mass velocity into a new direction. Therefore, it can be assumed that a 90◦-CM puts the groin 
region under higher risk.

It is evident that more information regarding the muscle activity during IP and 90◦-CM is needed to clarify 
their connection to GI and give insight into possible injury mechanisms. Especially in CM it is unclear how 
muscle activity relates to the kinematics of the hip joint. Therefore, the purpose of this study was to investigate 
the muscle activity of the adductor longus and gracilis during IP and 90◦-CM. To investigate if CM would also 
show a similar rapid muscle lengthening as already shown for IP, muscle shortening velocity of the two muscles 
was investigated. Furthermore, because the two muscles are responsible for hip flexion and adduction, as well 
as knee flexion in the case of gracilis, hip frontal and sagittal plane and knee sagittal plane kinematics were also 
investigated. It was hypothesized that the adductor muscles would show a higher activation during IP as this 
movement has been shown to produce high muscle forces and stress in the adductors.

Results
Both muscles showed a statistically higher maximum activity during CM compared to IP. The integrated activity 
was also statistically higher during CM compared to IP in both muscles. Maximum lengthening velocity of gra-
cilis was significantly higher during IP, but significantly lower for adductor longus during IP. Maximum shorten-
ing velocity of gracilis was significantly higher during CM while there was no statistical difference for adductor 
longus. The descriptive data and results of the statistical analysis can be found in Table 1. Average duration of 
the stance phase during CM was 291 ± 43ms while the average swing phase duration of IP was 209 ± 26ms.

During CM, adductor longus and gracilis showed an increased activity at the beginning of ground contact. 
This was followed by a decrease in activity during mid stance in both muscles. Maximum activity of adductor 
longus occurred on average at 53% of the stance phase, while it occurred at 78% for gracilis (see Fig. 1, top row). 
During IP, both muscles’ average activity was never higher than 30%MVC and the activity patterns showed 
only small peaks. Maximum activity of adductor longus occurred on average at 40% swing phase while gracilis 
reached it on average at 50%. In both movements, gracilis shortened in the beginning, followed by a similar 
fast lengthening of the muscle. During CM this was followed by a final phase of gracilis shortening. Shortening 
velocities of adductor longus showed muscle lengthening at the beginning of both movements. During IP, the 
muscle switched to shortening at 50% of the swing phase while lengthening occurred only for the final 20% of 
the stance phase during CM.

Table 1.  Results for the comparison of activity parameters of gracilis and adductor longus during CM and 
IP. Shown are the mean values from 13 participants ± standard deviation as well as the p value from the sign 
rank test and Cohen’s D as effect size measure. Maximum activity describes the mean maximum activity found 
for each participant during the movement. Activity integral describes the mean integrated activity over the 
complete movement. Maximum lengthening velocity describes the fastest stretching of the muscles during 
the movement. Maximum shortening velocity describes the fastest shortening of the muscles during the 
movement.

Parameter Muscle Movement Mean ± SD P value Cohen’s d

Maximum activity ( %MVC)

Gracilis
CM 88.35 ± 31.87

0.011 1.12
IP 42.87 ± 37.32

Adductor longus
CM 55.47 ± 18.48

0.027 0.62
IP 43.79 ± 13.46

Activity integral ( %MVC s)

Gracilis
CM 119.57 ±45.53

< 0.001 0.96
IP 38.08 ± 26.46

Adductor longus
CM 92.89 ± 36.98

< 0.001 1.29
IP 51.56 ± 21.61

Maximum lengthening velocity ( ms−1)

Gracilis
CM 0.43 ± 0.1

< 0.001 2.07
IP 0.7 ± 0.12

Adductor longus
CM 0.25 ± 0.08

0.011 1.51
IP 0.13 ± 0.06

Maximum shortening velocity ( ms−1)

Gracilis
CM 0.76 ± 0.1

< 0.001 2.18
IP 0.5 ± 0.11

Adductor longus
CM 0.29 ± 0.05

0.147 0.08
IP 0.29 ± 0.1
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The full time series for both movements of the hip and knee joint angles can be found in Fig. 1 (bottom row). 
In the sagittal plane of the hip joint, the two movements show contrary time series. During CM, participants 
reached a maximum hip flexion of 47.9◦ shortly after touch down, extended the hip joint throughout the move-
ment and ended the stance phase with an almost neutral position in the sagittal plane. During IP, participants 
started with an almost neutral position and flexed the hip until the end of the swing phase where it reached 40.2◦ 
on average. In the frontal plane of the hip, the two movements show similar time series. Both stay abducted in the 
hip during the movement and increase the abduction from the start of the movement until they reach maximum 
abduction of 21.9◦ (IP) and 29.6◦ (CM) at around 70% of the movement. At the knee joint both movements 
started with a flexed knee and increased the knee flexion during the movement. Maximum knee flexion of CM 
was reached at around 40% stance phase at 59.9◦ . During IP, maximum knee flexion was reached later at around 
75% swing phase at 94.7◦.

Figure 1.  Mean time series of the muscle activity, shortening velocity and kinematic joint parameters during 
CM (left) and IP (right) of 13 participants. The top row shows the normalized muscle activity of adductor longus 
and gracilis. The second row shows the shortening velocity of the two muscles. Positive shortening velocities 
equal a lengthening of the muscle. The bottom row shows the hip and knee angles. For the joint kinematics, 
positive values equal flexion, adduction and internal rotation.
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Discussion
The aim of this study was to investigate adductor longus and gracilis muscle activity and shortening velocities as 
well as hip and knee joint kinematics during CM and IP. The hypothesis that IP would have a higher maximum 
activation than CM had to be refuted as CM showed a significantly higher maximum activity and activity inte-
gral in both muscles. To our knowledge, this is the first study that shows time series of adductor muscle activity 
for CM or IP. Previous studies only reported discrete values of specific points in the  movements16,18,20. In one of 
these studies, the adductor muscles were investigated as a group during inside  kicking16. The maximum activity 
found there was 71%MVC at the end of the swing phase. This is higher than the maximum activity found in 
our study for either of the two muscles (Table 1) but only occurs after ball contact. In our study, the passes were 
performed as submaximal efforts, which is the likely explanation for the lower maximum values. Regarding the 
CM, previous studies investigated only discrete values of adductor longus during a 45◦-CM20. With a maximum 
activity of 163%MVC during weight acceptance, their maximum activity is twice as high than the maximum 
activity of gracilis during CM in our study (88%MVC ). One explanation for this difference is the processing of 
the MVC trials: The previous study used running averages from 500ms windows to find the maximum activity 
from the MVC  trials20. This smooths the activity time series considerably and produces higher relative activity 
in the dynamic trials. As our study did not use running averages during the MVC detection, MVC values were 
smoothed less, resulting in lower relative dynamic activity. The shortening velocities of adductor longus during 
IP are lower than previously  reported15,19. However, shortening and lengthening velocities of gracilis were higher 
than previously  reported19. Time series of the kinematics of IP are similar to previous  studies13,19, although range 
of motions are smaller in the present study. Because IP was performed in a forward motion with an approaching 
ball, with only one preparatory step, the participants had less time for further extension and abduction of the 
hip as seen in the two other studies. The lesser hip abduction in the present study might be the reason for the 
lower shortening and lengthening velocities of adductor longus that were compensated through faster action of 
gracilis and most likely the knee. Participants in an earlier study also performed full-effort pass kicks which are 
likely to result in higher ranges of motion and maximum joint  angles13. This is also evident in the comparison 
of the knee joint angles between their and our study.

The literature on GI often states that CM and IP increase the risk for  GI8–10. For IP it has been shown that 
high muscle stress during the movement increases the GI  risk19. However, it is unclear if similar risk factors can 
be found for CM. Table 1 shows that CM not only had a significantly higher maximum activity in both muscles 
but also a significantly increased average activity as indicated by the activity integral. Therefore, CM requires a 
stronger activation over a longer time and thus puts a higher load onto the adductor muscles than IP does. This 
will also lead to a faster load accumulation and muscle overload compared to IP which has been proposed as a 
cause for GI in  IP19. Regarding that IP is already considered to increase the risk of GI, this study provides the 
first indication that this is also true for CM. Apart from the maximum activity integral, the part of the movement 
where the highest activity occurs during CM needs also to be discussed. Figure 1 shows that the highest activity 
of gracilis and fastest lengthening velocity occurs on average in the last quarter of the stance phase. This is also 
the part of the movement, where the hip is abducted the furthest (70% stance phase) and the knee is extended 
(Fig. 1). Because gracilis is responsible for knee flexion and hip adduction, knee extension and hip abduction 
cause it to experience its fastest lengthening velocity and highest elongation during the phase of highest muscle 
activity. Due to the stretching of passive elements in the muscle, the force produced during eccentric contrac-
tion is higher than during concentric contractions with similar muscle activity. Therefore, repeated eccentric 
contractions during the phase of highest muscle activation in a movement is likely to increase the injury  risk24. 
Compared to gracilis, adductor longus shows less maximum activity during CM. The point of its maximum 
activity in the stance phase was found either at the beginning or towards the end of the stance phase, resulting 
in an average point of maximum activity at 53%. Adductor longus’ mean time series in Fig. 1 shows the high-
est activity and highest lengthening velocity at 70% of the stance phase. In a study on adductor longus injury 
mechanisms in professional soccer players, it was concluded that these injuries most likely occur during rapid 
muscle activity combined with rapid  lengthening8. From this follows that the combination of the highest muscle 
activity, fast lengthening and maximum abduction puts both muscles under high risk of a muscle strain dur-
ing CM at around three quarters of the stance phase. Gracilis’ risk of a strain injury might be further increased 
through the extension of the knee joint which additionally stretches the muscle as is evident from the point of 
highest lengthening velocity (Fig. 1).

As mentioned above, previous studies found indications that IP increases the groin injury  risk19. In the present 
study, IP showed significantly lower maximum activity and a lower activity integral in both adductor muscles 
compared to CM. Although the hip joint frontal plane kinematics of IP are similar to CM (Fig. 1), the adductor 
muscle activity seems to be unaffected by this and stays between 10 and 30% in both muscles. Two factors might 
have led to the low activity of IP: First, IP was performed as a submaximal effort, while CM was performed as a 
full effort movement. Second, CM is a closed chain movement and IP is an open chain movement. While closed 
chain movements like CM require that the whole body is reoriented and accelerated, IP requires only the quick 
acceleration of the shooting leg while the rest of the body can move slower. The combination of these two factors 
dictates that the muscle activity during IP is lower compared to CM. Nevertheless, the kinematics of IP also show 
characteristics, possibly harmful to the adductors and groin area: Maximum adductor longus activity occurred 
on average at 39.6% of the swing phase. At the same time, the muscle undergoes its fastest lengthening, similar to 
previously reported data for full effort  kicking15. The hip joint kinematics show an almost extended but abducted 
position during the first 40%. Thereby, adductor longus is contracting eccentrically when reaching its maximum 
activity which has been considered being a risk factor for  GI8,24,25. Gracilis’ average time series also shows the 
highest activity at the beginning of the swing phase, which can be attributed to the ongoing flexion of the knee 
joint during the first two thirds of the swing phase. The extension of the knee joint, accompanied by lengthening 
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of gracilis during the last third of the swing phase, most likely inhibits a higher gracilis activity that would assist 
in the hip joint adduction. Nevertheless, the rapid lengthening towards the end of the swing phase, while the hip 
is adducted, might also increase the injury risk for gracilis due to eccentric contraction.

Previous studies have found a reduced hip abduction flexibility and weak adductor muscles to be a risk factor 
for  GI10. In both movements, the highest muscle activities occur during eccentric contractions of gracilis and 
adductor longus. As eccentric contractions put higher demands on the muscles, due to stretching of the passive 
elements, a reduced flexibility will likely increase the stress on these passive elements. Weak adductors on the 
other hand will reach a critical load during eccentric contraction earlier than strengthened adductor muscles. 
Either situation or a combination is likely to result in overuse or acute GI. Therefore, the assumptions often made 
in the literature that CM and IP increase the risk for GI can be confirmed. It is however unclear which of the 
two movements induces a higher load on the adductor muscles: CM clearly requires higher muscle activity and 
puts a higher overall load on the muscles, as shown by the activity integral. IP on the other side is most likely 
performed more often in soccer practice and matches as it is the most prevalent action in  soccer17. Because GI are 
often overuse injuries, the role of high repetitions of IP should not be underestimated. Furthermore, the present 
study has concentrated on the muscular side of GI although the definition of groin pain also includes various 
injuries to passive structures like the pubic  symphysis11. Future studies are needed that investigate the effect of 
movements like CM and IP on these passive structures. It should also be investigated if there are variations in 
the techniques of both movements that might reduce the load on the groin area. Previous research has shown, 
that two distinct strategies exist for 90◦-CMs and that they induce different loads to the knee  joint26,27. Finding 
a load reducing strategy regarding the hip would be an important step towards injury prevention.

One limitation of this study was the use of surface EMG to measure the adductor longus and gracilis as they 
are quite small and close together. However, there is no other viable option to measure their activity because fine 
wire EMG cannot be used in movements as dynamic as IP and CM. While soft tissue movement can displace 
the surface electrodes, determining the position of the application points with an ultrasonic device is the most 
accurate method when measuring such small muscles. Normalization of the muscle activity with MVC meas-
urements includes some uncertainties: Due to the different movements, the electrodes move differently on the 
muscle bellies thereby possibly leading to differences in the raw EMG signals. Additionally, the two investigated 
movements, although showing similar kinematics, differ insofar, as IP is an open chain movement and CM is a 
closed chain movement. This might lead to different muscle activation strategies and different activation levels 
during these movements, possibly decreasing the validity of the MVC normalization. However, while these 
limitations should be kept in mind when interpreting the results, the aim of the study necessitates the use of a 
MVC normalization to make the direct comparison of the musculoskeletal load between IP and CM possible and 
get insight on the possible groin injury risks of these two movements. The use of different filters between move-
ments is typically discouraged. But the kinematics and movement characteristics of IP and CM are so different 
that previous studies have used different filters for them. Therefore, it would have compromised comparability 
with previous results for at least one of the two movements if identical filters would have been used. It has been 
shown that ball impact during full effort kicking movements can create distortions in the kinematics shortly 
before ball  impact28. This might have affected the kinematics at the end of the swing phase, as no specific filter 
algorithm was used to counter the effect of ball impact distortions. However, the end of the swing phase does 
not play an important role regarding the load applied to the adductor muscles, which was the aim of the present 
study. During submaximal passing, such distortions will also be smaller compared to full effort kicks. Therefore, 
we believe that the ball impact has not significantly altered the outcome of this study.

In conclusion, both movements are increasing the risk for suffering a GI. Especially, if they are combined 
with risk factors such as a reduced hip range of motion or adductor weakness. Comparing the two movements, 
CM puts a higher load on the groin area during each repetition than IP. IP on the other hand is the most central 
movement in soccer and is likely to induce GI through the number of repetitions. Furthermore, both movements 
require high amounts of eccentric contraction of the adductor muscles which causes high stress on the active and 
passive musculoskeletal structures. Coaches and physicians have the task to prepare players to these high and 
repetitive loads and stresses. This is most likely done through a reduction of existing injury risk, such as weak 
adductors and reduced hip joint flexibility.

Methods
Design. A cross-sectional design was used to investigate adductor muscle activity, shortening velocity and 
hip joint kinematics during IP and 90◦-CM. The muscle activity of the adductor longus and gracilis of the right 
leg was measured with wireless surface EMG. Shortening velocities, hip and knee joint kinematics were calcu-
lated via inverse dynamics from three dimensional marker data. The following parameters were investigated: 
Maximum activity, activity integral, shortening velocities, hip and knee angles.

Participants. Thirteen soccer players (22 ± 3.29 a , 1.8 ± 0.06m , 78.17 ± 7.21 kg ), recruited from the student 
body of the German Sport University Cologne, participated in this study. Their average experience in playing 
soccer was 16.15 ± 2.76 a . Inclusion criteria were age between 18 and 30 and > 10 years of experience playing 
soccer. Exclusion criteria were any acute or chronic injuries. Prior to participation, participants gave their writ-
ten consent after reading the information letter. The study was designed in accordance with the Declaration of 
Helsinki and had approval by the German Sport University Cologne’s ethics committee (No. 084/2019).

Procedure. All testing was done in a laboratory of the German Sport University Cologne. Sixteen infrared 
cameras (MX-F40, Vicon, Oxford, GB) captured kinematic data at 200Hz . Two force plates of 90× 60 cm (Kis-
tler, Winterthur, CH) collected ground reaction forces at 1000Hz which was later used to detect touch down 
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and toe-off events. The area on which the two movements were performed, was covered with third generation 
artificial turf (Ligaturf RS Pro IICP, Polytan, Burgheim, GER). The force plates were covered with the identical 
turf system, while special care was taken to avoid any force transmitting contact between the surrounding floor 
and the force plates.

Each participant was informed about the study before signing the letter of consent and the start of the 
measurements. Afterwards, bony reference points were marked and anthropometric measurements were taken 
of each participant. Participants were then allowed 10 min of self-reliant warm-up before further preparation 
was undertaken.

To determine the position of the adductors’ muscle bellies, an ultrasonic device (ProSound Alpha 7, Aloka 
GmbH, Meerbusch, GER) was used, similar to the description in a previous  study18,29. The skin above the mus-
cle bellies was prepared for the EMG measurements and surface electrodes were placed according to SENIAM 
 standards30. This was done on the right leg which was the kicking leg during IP and the pivot leg during CM. 
A wireless EMG device (Aktos, Myon, Schwarzenberg, CH), operating at 1000Hz was used to measure muscle 
activity. To measure the maximum voluntary contractions (MVC) of these two muscles, subjects were asked to 
lie supine on a bench with their hip bent at ≈ 45◦ and a knee angle of ≈ 90◦ . This position has been shown to 
produce the highest activity for gracilis and adductor  longus31. A static resistance was placed between the knees. 
This was adjusted in width to 45% of the inner thigh length (groin to medial epicondyle of the right leg), so that 
every participant had the same inter thigh angle of ≈ 45◦ . Participants were asked to push as hard as possible 
against the resistance for 3 s. Two MVC trials were recorded with a 1 min break in between.

After completion of the MVC trials, 28 retro-reflective markers were placed on the bony reference points with 
double sided tape to collect the participants’ kinematics. Participants wore their own cleated soccer shoes as they 
would on natural turf. A static reference measurement was taken from each participant which was later used for 
scaling purposes. The order of the two measurement conditions was switched for every participant to avoid any 
fatiguing effects. Before each condition, participants were allowed as many practice trials as they needed to feel 
comfortable. Participants had to perform five valid trials of CM and IP each.

CMs were performed as anticipated 90◦-changes of direction. They were accepted as valid, when the partici-
pants completely hit the force plate with their foot. Invalid trials were hits of the frame or a failed execution of 
the movement. Participants were instructed to perform the CM as fast as possible. All CMs were performed to 
the left side, so that the turning was performed with the right foot (see Fig. 2) as foot dominance does not play 
an important role in  CMs32. The participants were able to use a 4m run up. To ensure that they performed a CM 
instead of running a curve, the run-out was restricted by a red rope that they were not allowed to cross to the 
right side (see Fig. 2). Crossing the rope would also have resulted in a failed trial.

IP was performed as a submaximal single contact pass. To ensure a standardized approach velocity of the 
ball of ≈ 3 ms−1 (measured through reflective tape on the ball), a ramp was used to accelerate the ball towards 
the participant (see Fig. 2). The ball approached the player in a 35◦ angle from the direction opposite to their 
preferred passing leg. When the ball left the ramp and reached the artificial turf, the participants made one step 
towards the ball and passed it towards a rectangular target 6m in front of them with the inside of their foot. 
They were instructed to regulate the intensity of the pass as if they were trying to pass the ball to a friendly player 
10–15 m away.

Data processing and modelling. Marker data was processed in Vicon Nexus (2.9, Vicon, Oxford, UK). 
Modelling was performed in AnyBody Modelling System (Version 6.0, AnyBody Technology, Aalborg, DEN) 
with a modified  version33 of the Anatomical Landmark Scaled  Model34. Inside AnyBody, kinematic data and 
ground reaction force data of the CM was filtered with a recursive second order low-pass Butterworth filter and 
a cut-off frequency of 20Hz26. Kinematic data of IP was filtered with a recursive second order low-pass Butter-
worth filter and a cut-off frequency of 12.5Hz19. Shortening velocity was calculated for the contractile elements 
of the two muscles in AnyBody. As the model divides muscles into different substrands, shortening velocity for 
each muscle was calculated as the mean from all substrands.

All further data processing was done in Matlab (2017a, The MathWorks, Natick, Massachusetts, USA). Raw 
EMG data was filtered with a recursive second order Butterworth band-pass filter with cut-off frequencies of 
10 and 500 Hz . To create the EMG envelopes, the data was rectified and filtered again with a recursive second 
order Butterworth low-pass filter and a cut-off frequency of 10 Hz . Highest activity of each muscle from the two 
MVC trials each subject performed, was used as the 100% baseline activity. The activity of each participant’s 
movement trials was then normalized to the individual maximum activity. To account for electromechanical 
delay, the muscle activity curves of each trial were right shifted by 40ms35.

Muscle activity, shortening velocity and joint kinematics were also time normalized for both movements: 
IP trials were time-normalized to the swing phase of the passing leg, defined as toe-off to ball  contact19. Start 
of the swing phase was detected by finding the first peak in the vertical toe-marker acceleration of the passing 
foot. Ball impact was detected by finding the highest peak in horizontal toe-marker acceleration of the passing 
foot. CM trials were time-normalized to force plate contact of the right foot, detected by utilizing the ground 
reaction force measured by the force plate.

From each normalized trial, maximum activity, activity integral and maximum lengthening and shorten-
ing velocities for both muscles were extracted and used to calculate the participants’ means and overall means 
of the 13 participants. Mean time series of each participant were calculated for the muscle activity, shortening 
velocity and kinematic parameters. These were further used to calculate the mean time series of all participants.

Statistics. Both movements are extremely different with CM being a closed-chain-movement (during 
ground contact of the turning step, which was investigated here) and IP being an open-chain movement. There-
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fore, statistically comparing the joint kinematics was omitted as it would have been of little use. Because the main 
purpose of this study was to investigate the muscle activity and shortening velocity of the two movements, only 
the mean maximum activity, activity integrals and lengthening/shortening velocities of the participants were 
statistically compared between CM and IP. Shapiro–Wilk-tests were used to test for  normality36. Because not 
all parameters were statistically normal distributed, and the sample size is below 20, non-parametrical tests for 
difference were used. The Wilcoxon-Signed-Rank-Test with α = 0.05 was used to test for differences. Cohen’s d 
with a correction factor for small sample  sizes37 was used as a measure of effect size.

Data availability
The datasets generated and analysed during the current study are available from the corresponding author on 
request.

Received: 16 December 2020; Accepted: 18 March 2021

References
 1. Hägglund, M., Waldén, M. & Ekstrand, J. Risk factors for lower extremity muscle injury in professional soccer: the UEFA injury 

study. Am. J. Sports Med. 41, 327–335. https:// doi. org/ 10. 1177/ 03635 46512 470634 (2013).
 2. Ekstrand, J., Hägglund, M. & Waldén, M. Injury incidence and injury patterns in professional football: the UEFA injury study. Br. 

J. Sports Med. 45, 553–558. https:// doi. org/ 10. 1136/ bjsm. 2009. 060582 (2011).
 3. Lewin, G. The incidence of injury in an English professional soccer club during one competitive season. Physiotherapy 75, 601–605. 

https:// doi. org/ 10. 1016/ S0031- 9406(10) 62366-8 (1989).

Figure 2.  Schematic drawing showing the test setup. Both movements were performed separately from each 
other. The solid arrow depicts the direction of movement during CM and the dashed arrow indicates the 
direction of movement during IP. The dotted arrow indicates the movement of the soccer ball during IP, rolling 
down from the ramp and being passed towards the target. Black feet indicate which leg was analysed for the CM 
and IP.

https://doi.org/10.1177/0363546512470634
https://doi.org/10.1136/bjsm.2009.060582
https://doi.org/10.1016/S0031-9406(10)62366-8


8

Vol:.(1234567890)

Scientific Reports |         (2021) 11:7223  | https://doi.org/10.1038/s41598-021-86666-5

www.nature.com/scientificreports/

 4. Waldén, M., Hägglund, M. & Ekstrand, J. The epidemiology of groin injury in senior football: a systematic review of prospective 
studies. Br. J. Sports Med. 49, 792–797. https:// doi. org/ 10. 1136/ bjspo rts- 2015- 094705 (2015).

 5. Arnason, A. et al. Risk factors for injuries in football. Am. J. Sports Med. 32, 5S–16S. https:// doi. org/ 10. 1177/ 03635 46503 258912 
(2004).

 6. Werner, J., Hägglund, M., Waldén, M. & Ekstrand, J. UEFA injury study: a prospective study of hip and groin injuries in professional 
football over seven consecutive seasons. Br. J. Sports Med. 43, 1036–1040. https:// doi. org/ 10. 1136/ bjsm. 2009. 066944 (2009).

 7. Harøy, J. et al. Groin problems in male soccer players are more common than previously reported. Am. J. Sports Med. 45, 1304–1308. 
https:// doi. org/ 10. 1177/ 03635 46516 687539 (2017).

 8. Serner, A., Mosler, A. B., Tol, J. L., Bahr, R. & Weir, A. Mechanisms of acute adductor longus injuries in male football players: a 
systematic visual video analysis. Br. J. Sports Med. 53, 158–164. https:// doi. org/ 10. 1136/ bjspo rts- 2018- 099246 (2019).

 9. Maffey, L. & Emery, C. What are the risk factors for groin strain injury in sport? A systematic review of the literature. Sports Med. 
(Auckland, N.Z.) 37, 881–894. https:// doi. org/ 10. 2165/ 00007 256- 20073 7100- 00004 (2007).

 10. Ryan, J., DeBurca, N. & McCreesh, K. Risk factors for groin/hip injuries in field-based sports: a systematic review. Br. J. Sports Med. 
48, 1089–1096. https:// doi. org/ 10. 1136/ bjspo rts- 2013- 092263 (2014).

 11. Weir, A. et al. Doha agreement meeting on terminology and definitions in groin pain in athletes. Br. J. Sports Med. 49, 768–774. 
https:// doi. org/ 10. 1136/ bjspo rts- 2015- 094869 (2015).

 12. Katis, A. & Kellis, E. Three-dimensional kinematics and ground reaction forces during the instep and outstep soccer kicks in 
pubertal players. J. Sports Sci. 28, 1233–1241. https:// doi. org/ 10. 1080/ 02640 414. 2010. 504781 (2010).

 13. Levanon, J. & Dapena, J. Comparison of the kinematics of the full-instep and pass kicks in soccer. Med. Sci. Sports Exerc. 30, 
917–927. https:// doi. org/ 10. 1097/ 00005 768- 19980 6000- 00022 (1998).

 14. Nunome, H., Asai, T., Ikegami, Y. & Sakurai, S. Three-dimensional kinetic analysis of side-foot and instep soccer kicks. Med. Sci. 
Sports Exerc. 34, 2028–2036. https:// doi. org/ 10. 1097/ 00005 768- 20021 2000- 00025 (2002).

 15. Charnock, B. L., Lewis, C. L., Garrett, W. E. & Queen, R. M. Adductor longus mechanics during the maximal effort soccer kick. 
Sports Biomech. 8, 223–234. https:// doi. org/ 10. 1080/ 14763 14090 32295 00 (2009).

 16. Brophy, R. H., Backus, S. I., Pansy, B. S., Lyman, S. & Williams, R. J. Lower extremity muscle activation and alignment during the 
soccer instep and side-foot kicks. J. Orthop. Sports Phys. Ther. 37, 260–268. https:// doi. org/ 10. 2519/ jospt. 2007. 2255 (2007).

 17. Rahnama, N., Reilly, T. & Lees, A. Injury risk associated with playing actions during competitive soccer. Br. J. Sports Med. 36, 
354–359. https:// doi. org/ 10. 1136/ bjsm. 36.5. 354 (2002).

 18. Watanabe, K., Nunome, H., Inoue, K., Iga, T. & Akima, H. Electromyographic analysis of hip adductor muscles in soccer instep 
and side-foot kicking. Sports Biomech. https:// doi. org/ 10. 1080/ 14763 141. 2018. 14998 00 (2018).

 19. Dupré, T. et al. Does inside passing contribute to the high incidence of groin injuries in soccer? A biomechanical analysis. J. Sports 
Sci. 36, 1827–1835. https:// doi. org/ 10. 1080/ 02640 414. 2017. 14231 93 (2018).

 20. Chaudhari, A. M. W., Jamison, S. T., McNally, M. P., Pan, X. & Schmitt, L. C. Hip adductor activations during run-to-cut manoeu-
vres in compression shorts: implications for return to sport after groin injury. J. Sports Sci. 32, 1333–1340. https:// doi. org/ 10. 1080/ 
02640 414. 2014. 889849 (2014).

 21. Hiti, C. J., Stevens, K. J., Jamati, M. K., Garza, D. & Matheson, G. O. Athletic osteitis pubis. Sports Med. 41, 361–376. https:// doi. 
org/ 10. 2165/ 11586 820- 00000 0000- 00000 (2011).

 22. Edwards, S., Brooke, H. C. & Cook, J. L. Distinct cut task strategy in Australian football players with a history of groin pain. Phys. 
Ther. Sport 23, 58–66. https:// doi. org/ 10. 1016/j. ptsp. 2016. 07. 005 (2017).

 23. Franklyn-Miller, A. et al. Athletic groin pain (part 2): a prospective cohort study on the biomechanical evaluation of change of 
direction identifies three clusters of movement patterns. Br. J. Sports Med. 51, 460–468. https:// doi. org/ 10. 1136/ bjspo rts- 2016- 
096050 (2017).

 24. Schache, A. G., Kim, H.-J., Morgan, D. L. & Pandy, M. G. Hamstring muscle forces prior to and immediately following an acute 
sprinting-related muscle strain injury. Gait Posture 32, 136–140. https:// doi. org/ 10. 1016/j. gaitp ost. 2010. 03. 006 (2010).

 25. Garrett, W. E. J. R. Muscle strain injuries: clinical and basic aspects. Med. Sci. Sports Exerc. 22, 436–443. https:// doi. org/ 10. 1249/ 
00005 768- 19900 8000- 00003 (1990).

 26. David, S., Komnik, I., Peters, M., Funken, J. & Potthast, W. Identification and risk estimation of movement strategies during cutting 
maneuvers. J. Sci. Med. Sport 20, 1075–1080. https:// doi. org/ 10. 1016/j. jsams. 2017. 05. 011 (2017).

 27. David, S., Mundt, M., Komnik, I. & Potthast, W. Understanding cutting maneuvers—the mechanical consequence of preparatory 
strategies and foot strike pattern. Hum. Mov. Sci. 62, 202–210. https:// doi. org/ 10. 1016/j. humov. 2018. 10. 005 (2018).

 28. Nunome, H., Lake, M., Georgakis, A. & Stergioulas, L. K. Impact phase kinematics of instep kicking in soccer. J. Sports Sci. 24, 
11–22. https:// doi. org/ 10. 1080/ 02640 41040 00214 50 (2006).

 29. Watanabe, K., Katayama, K., Ishida, K. & Akima, H. Electromyographic analysis of hip adductor muscles during incremental 
fatiguing pedaling exercise. Eur. J. Appl. Physiol. 106, 815–825. https:// doi. org/ 10. 1007/ s00421- 009- 1086-6 (2009).

 30. Hermens, H. J. et al. European Recommendations for Surface Electromyography (Roessingh Research and Development, Enschede, 
1999).

 31. Lovell, G. A., Blanch, P. D. & Barnes, C. J. EMG of the hip adductor muscles in six clinical examination tests. Phys. Ther. Sport? 13, 
134–140. https:// doi. org/ 10. 1016/j. ptsp. 2011. 08. 004 (2012).

 32. Pollard, C. D. et al. A biomechanical comparison of dominant and non-dominant limbs during a side-step cutting task. Sports 
Biomech. 19, 271–279. https:// doi. org/ 10. 1080/ 14763 141. 2018. 14612 36 (2020).

 33. Dupré, T., Dietzsch, M., Komnik, I., Potthast, W. & David, S. Agreement of measured and calculated muscle activity during highly 
dynamic movements modelled with a spherical knee joint. J. Biomech. 84, 73–80. https:// doi. org/ 10. 1016/j. jbiom ech. 2018. 12. 013 
(2019).

 34. Lund, M. E., Andersen, M. S., de Zee, M. & Rasmussen, J. Scaling of musculoskeletal models from static and dynamic trials. Int. 
Biomech. 2, 1–11. https:// doi. org/ 10. 1080/ 23335 432. 2014. 993706 (2015).

 35. Winter, E. & Brookes, F. Electromechanical response times and muscle elasticity in men and women. Eur. J. Appl. Physiol. Occup. 
Physiol. 63, 124–128. https:// doi. org/ 10. 1007/ bf002 35181 (1991).

 36. BenSaïda, A. Shapiro–Wilk and Shapiro-Francia normality tests. MATLAB Central File Exchange https:// www. mathw orks. com/ 
matla bcent ral/ filee xchan ge/ 13964- shapi ro- wilk- and- shapi ro- franc ia- norma lity- tests (2019).

 37. Durlak, J. A. How to select, calculate, and interpret effect sizes. J. Pediatric Psychol. 34, 917–928. https:// doi. org/ 10. 1093/ jpepsy/ 
jsp004 (2009).

Author contributions
T.D. and W.P. conceived the experiment, T.D. and J.T. conducted the experiment, T.D. and J.D. analysed the 
results. All authors reviewed the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL.

https://doi.org/10.1136/bjsports-2015-094705
https://doi.org/10.1177/0363546503258912
https://doi.org/10.1136/bjsm.2009.066944
https://doi.org/10.1177/0363546516687539
https://doi.org/10.1136/bjsports-2018-099246
https://doi.org/10.2165/00007256-200737100-00004
https://doi.org/10.1136/bjsports-2013-092263
https://doi.org/10.1136/bjsports-2015-094869
https://doi.org/10.1080/02640414.2010.504781
https://doi.org/10.1097/00005768-199806000-00022
https://doi.org/10.1097/00005768-200212000-00025
https://doi.org/10.1080/14763140903229500
https://doi.org/10.2519/jospt.2007.2255
https://doi.org/10.1136/bjsm.36.5.354
https://doi.org/10.1080/14763141.2018.1499800
https://doi.org/10.1080/02640414.2017.1423193
https://doi.org/10.1080/02640414.2014.889849
https://doi.org/10.1080/02640414.2014.889849
https://doi.org/10.2165/11586820-000000000-00000
https://doi.org/10.2165/11586820-000000000-00000
https://doi.org/10.1016/j.ptsp.2016.07.005
https://doi.org/10.1136/bjsports-2016-096050
https://doi.org/10.1136/bjsports-2016-096050
https://doi.org/10.1016/j.gaitpost.2010.03.006
https://doi.org/10.1249/00005768-199008000-00003
https://doi.org/10.1249/00005768-199008000-00003
https://doi.org/10.1016/j.jsams.2017.05.011
https://doi.org/10.1016/j.humov.2018.10.005
https://doi.org/10.1080/02640410400021450
https://doi.org/10.1007/s00421-009-1086-6
https://doi.org/10.1016/j.ptsp.2011.08.004
https://doi.org/10.1080/14763141.2018.1461236
https://doi.org/10.1016/j.jbiomech.2018.12.013
https://doi.org/10.1080/23335432.2014.993706
https://doi.org/10.1007/bf00235181
https://www.mathworks.com/matlabcentral/fileexchange/13964-shapiro-wilk-and-shapiro-francia-normality-tests
https://www.mathworks.com/matlabcentral/fileexchange/13964-shapiro-wilk-and-shapiro-francia-normality-tests
https://doi.org/10.1093/jpepsy/jsp004
https://doi.org/10.1093/jpepsy/jsp004


9

Vol.:(0123456789)

Scientific Reports |         (2021) 11:7223  | https://doi.org/10.1038/s41598-021-86666-5

www.nature.com/scientificreports/

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to T.D.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2021

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Muscle activity of cutting manoeuvres and soccer inside passing suggests an increased groin injury risk during these movements
	Results
	Discussion
	Methods
	Design. 
	Participants. 
	Procedure. 
	Data processing and modelling. 
	Statistics. 

	References


