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Abstract

:

Little is known about the risk factors for developing groin pain in high school soccer players. Therefore, the purpose of the study is to investigate the risk factors for developing inguinal pain in high school soccer players who are undergoing an injury prevention program. A cluster randomized controlled trial was conducted on 202 high school soccer players. Players were allocated to either group A (3 schools, 66 players) receiving the Copenhagen adduction exercise (CAE) alone, or group B (2 schools, 73 players) receiving the CAE and Nordic hamstrings exercise, or group C, the control group without any intervention (2 schools, 63 players). Hip range of motion (ROM) and strength measures were assessed prior to a groin injury prevention program and used in univariate and multivariate analysis to predict development of groin pain. Logistic regression analysis identified that hip abduction ROM and eccentric adductor strength of the dominant leg were factors in the development of groin pain. Increased abduction ROM and decreased eccentric adductor muscle strength of the dominant leg were risk factors for the development of groin pain.
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1. Introduction


Soccer is a sport that requires high-intensity sprinting, kicking, and rapid high-speed changes in direction [1,2,3,4], which can be common causes of injury [5].



Groin pain is common in soccer players and is the most common of all injuries [6,7,8], with high risk of recurrence [9]. The Doha agreement classifies groin pain into adductor-related, iliopsoas-related, inguinal-related, pubic-related, and hip joint-related pain [10]. The origin of such pain is frequently the adductor muscles [11], with 61% reported as having adductor muscle-related pain [12].



Factors related to the development of groin pain have been reported to include decreased hip abduction range of motion (ROM) [13], decreased adductor muscle strength [14,15], and trunk muscle weakness [16]. This might explain why the Copenhagen adduction exercise (CAE) is effective as a preventive exercise for groin pain, possibly due to increased eccentric adductor muscle strength reported when strengthening the hip adductor muscles [17], which was associated with reduced injury occurrence [18,19]. A benefit of the CAE is that it does not require expensive equipment and can be applied almost anywhere.



In addition to injury prevention through exercise such as the CAE, it is important to identify risk factors which might also be helpful in injury prevention in athletes undergoing the CAE. Most research on groin pain is in relation to adult athletes. There is limited research on the implementation of the CAE and factors related to the development of groin pain in male high school soccer players. In addition, there is limited evidence on whether combining the CAE with exercise for other muscle groups, such as the Nordic hamstrings exercise (NHE), is more effective in reducing groin pain development. Functionally the hamstring muscles have an auxiliary effect on the hip adductor muscles [20,21], but it is unclear whether training the hamstring muscles enhances the effect of a CAE program.



The purpose of this research was to identify whether previously reported variables in groin pain evaluation (hip eccentric adductor and abductor strength and ROM of both hip joints) [15,16,17] could predict injury in high school soccer players undergoing a groin pain injury prevention program. Information gained from this study may improve knowledge on how to prevent groin pain among high school soccer players.




2. Methods


2.1. Study Design and Participants


Participants were male high school students participating in a Japanese under 18 soccer league. Participants were competing at the highest level in the prefecture and national league, and the top teams were targeted for standardization. We contacted 10 schools with teams in this league for potential inclusion. Two high schools did not respond, and another could not start at the right time. Four players were absent from club activities and were excluded. Consent was obtained from the principal and coach from each school. In addition, all parents and players gave written consent for this research. The inclusion criteria were male high school soccer players who had not been injured within the previous month. This study followed the Declaration of Helsinki and was approved by the Ethics Committee at the Saitama Medical University, Saitama, Japan (M-98).




2.2. Randomization


This cluster randomized controlled trial was registered with the University Hospital Medical Information Network at The University of Tokyo Hospital (Registration number 000036863) and was conducted from August 2019 to December 2019. We felt it would be difficult to blind subjects through individual subject randomization, so each high school formed a cluster group which were then randomized using the envelope method. After a team agreed to participate, the principal investigator opened a sealed envelope revealing their group assignment. Group A received only the CAE, Group B received both the CAE and NHE, while Group C was the control group without any intervention.




2.3. Blinding


It was not possible to blind players, coaches, or the principal investigator to group allocation. Recorded data were collected by the principal investigator alone.




2.4. Intervention


The CAE was performed as follows. The athlete lay on their side, their forearm on the ground to stabilize the trunk, while their other arm was placed with their hand on their pelvis. A teammate supported the player’s uppermost leg at the ankle and knee. The athlete was then required to lift their body off the ground, by adducting the upper hip, until the upper leg and trunk were horizontal, following which, they lifted their lower leg off the ground to touch ankles. This was counted as one repetition, each lasting 3 s. (Figure 1) [17,18]. The players performed the exercise on both sides. If pain of greater than 3/10 was provoked during the exercise the player was told to stop.



For the NHE, two players formed a pair. The performing athlete began the exercise kneeling with his trunk upright, before slowly lower himself to the ground. An assistant held both lower legs of the athlete on the ground. The exercise ceased once their hands touched the ground (Figure 2) [22]. Again, if pain of greater than 3/10 was provoked during the exercise the player was told to stop.



Subjects in both intervention groups were asked to carry out the exercise program 1-3 times a week for 16 weeks as part of their regular warm-up. The number of repetitions was based on previous research (Table 1) [18,22]. We informed subjects that the exercise had to be conducted under the supervision of a coach or trainer, and that the principal investigator was to be contacted if problems or adverse events occurred during the exercise program. Before the study began, the players and coaches were well trained in how to perform the exercises. The exercises were basically done on the playing field or indoors depending on the weather and team conditions. Subjects exercised in the clothing they woar for soccer.



Exercise compliance was recorded daily by athletes on a recording sheet. To calculate overall compliance, the total number of completed sessions was summed and divided by the number of respondents. Once a week, we contacted managers, trainers, and athlete representatives to keep track of exercise progress. The principal investigator collected recording papers with encrypted numbers.




2.5. Risk Factor Screening


Risk factor screening, including hip ROM and strength, were performed prior to the intervention period. Hip ROM measurements included internal and external rotation in supine, internal rotation in prone, abduction in side-lying, and Bent knee Fall Out (BKFO) were taken using previously reported methods (Figure 3) [23,24]. Hip internal and external rotation in supine was measured with a digital goniometer (Easy Angle manufactured by Meloq, Stockholm, Sweden). The average value of two repetitions was recorded. Internal rotation in prone were measured using digital inclinometers (digital level manufactured by FstDgte, Shenzhen, China). For internal rotation in prone, two digital inclinometers were used, the measurement repeated three times, and mean value recorded. For hip abduction, a single inclinometer was used to measure the hip abduction angle with the knee of the limb flexed to 90° in a side lying position. The measurement was repeated three times and the average value was recorded. BKFO was measured once using a tape measure. For this measurement, the subject was supine, with hips bilaterally flexed to 45°, knees at 90° flexion. The distances between the head of the fibula and the bed were measured using a flexible tape measure.



Hip abduction and adduction strength were recorded with reference to previously reported measurement method using a handheld dynamometer (HHD, SAKAIMED Mobi, Tokyo, Japan) [24,25]. Eccentric muscle strength was assessed (Figure 3). The participant exerted a 3 sec isometric maximum voluntary contraction against the HHD following which a 2 sec break was performed by the examiner pushing the leg slowly towards the bed. One mock test and three maximum tests were performed with a break of 30 s between trials. The maximum scores of the three tests were recorded as Nm/kg. All measurements were performed by the principal investigator, and subsequently recorded.



In order to control the quality of the evaluation, all the tests and measurements were performed by the principal investigator alone. The principal investigator was trained for a minimum of 5 h in the measurement method. Good to excellent intraexaminer reliability values (intraclass correlation coefficient = 0.66–0.93) for all ROM and strength tests have been previously reported, along with normal values [24].




2.6. Injury Reporting


Injury was defined as a condition in which pain occurred in the area during sports activities regardless of time loss or treatment needs [26]. Injury data were collected over a 16-week period. The presence or absence of injury was recorded on training or playing days. In addition, injury details were filled out on the injury report form. Details of the injury were provided on the injury report form and completed with the advice of a trainer or physiotherapist whom the principal investigator has trained. The principal investigator explained the Doha classification method to the trainers and physiotherapists of each team and let them determine the type of groin pain for each athlete in pain. Each player was asked to report the presence or absence of groin pain. Injuries were classified into three severity categories according to the time it took until the player was fully fit to take part in all types of organized soccer play: minor (1–7 days), moderate (8–28 days), and major (>28 days).



To calculate exposure time individually, athletes were asked to record daily practice time, match time, and time lost due to injury. Once a week, we contacted managers, trainers, and athlete representatives and worked closely to review the status of the recording and injury report forms. The development of groin pain was conveyed to the athletic trainer or physiotherapist. Injury details were self-reported in an injury statement, with the advice of an athletic trainer or physiotherapist who had been informed of the details by the principal investigator. Reports were collected weekly by the principal investigator. However, overuse injuries for which there was no time lost were also included to incorporate small repeated-strain injuries, as some players still elect to play despite groin discomfort.




2.7. Sample Size


The sample size for logistic regression analysis was determined according to Alt-man’s formula (n ≧ 10 × independent variable). The number of independent variables was 14 combining the dominant and non-dominant leg, hence the required number of subjects was 140 or more.




2.8. Statistical Analyses


The analysis was performed using an intention-to-treat (ITT) analysis. χ2 tests were performed to compare the number of injuries inducing groin pain among the three groups A, B, and C. Following that, a Bonferroni correction was performed as a post hoc analysis for the items for which a significant difference was found. In addition, in order to clarify the factors related to groin pain, univariate logistic regression analysis (forced injection method) was performed with the dependent variable as the presence or absence of groin pain and the independent hip physical examination variables. After that, logistic regression analysis (variable increase method: likelihood ratio) was performed on the items for which a significant difference was found in the independent variables. In consideration of multicollinearity, items with r > 0.8 between independent variables were excluded.



The effect size for the medical examination variables was calculated as r, while the effect size of the number of injuries was calculated as φ. Effect size < 0.1 is rated as small, 0.3 rated medium, and >0.5 rated large [27]. In addition, logistic regression analysis calculated odds ratios and 95% confidence intervals.





3. Results


3.1. Participants


A total of seven high school soccer clubs (202 players) were enrolled in the study. The flow of the players through the phases of the study is shown in Figure 4.



There was a total of 11 dropouts, 4 in Group A, 1 in Group B, and 6 in Group C. The reasons were retirement, injury, and low compliance. Baseline characteristics for players included in the ITT analysis are shown in Table 2.




3.2. Injury Occurrence


Table 3 shows the frequency of groin pain in each group over the 16-week period. Groin pain was significantly reduced in group B compared to group C. Groin pain with time lost was significantly reduced in groups A and B compared to group C. When comparing groups A and B, a small effect size was observed in groin pain, although there was no significant difference.



During the 16-week intervention period of 202 high school soccer players, the total number of injuries was 138. In addition, the total exposure time was 43,008 playing hours. The total incidence of injuries was 3.2 per 1000 athlete hours (95% confidence interval [CI], 2.8–4.8). The total number of groin pain injuries was 30. The incidence of groin pain was 0.7 per 1000 athlete hours (CI 95%, 0.4–0.9). There were 23 injuries on the dominant leg (79.3%) and 6 on the non-dominant leg (20.7%). Of these, 9 were minor injuries (time lost 1–7 days), 15 were moderate injuries (time lost 8–28 days), and 1 was a severe injury (>28 days lost). Groin pain without time loss occurred on five occasions.




3.3. Hip Variable Screening


Table 4 shows a comparison of each variable in the screening process for players with groin pain and those without groin pain. When comparing mean values, a significant difference was found in the items of hip abduction ROM, as well as eccentric adduction and eccentric abduction muscle strength. In these items, there was a significant difference between the dominant leg and the non-dominant leg.




3.4. Risk Factors for Groin Pain


Results of univariate logistic regression analysis identified hip abduction ROM (dominant leg and non-dominant leg), eccentric adduction muscle strength (dominant leg and non-dominant leg), and eccentric abduction muscle strength (dominant leg and non-dominant leg) at the start of the intervention as predictor variables for the development of groin pain (Table 5). Following this, logistic regression analysis used the items with significant differences as independent variables. Consequently, abduction ROM of the dominant leg and adductor strength of the dominant leg were selected (Table 6).



The odds ratio for each item was 1.16 (95% CI: 1.07 to 1.26) for hip abduction ROM and 0.12 (95% CI: 0.04 to 0.39) for eccentric adductor muscle strength. The results of the Hosmer–Lemeshow test in this model were shown to be compatible with p = 0.39, with the percentage of correct classifications being 87.6%.



Following this, logistic regression analysis used the items with significant differences as independent variables. Consequently, abduction ROM of the dominant leg and adductor strength of the dominant leg were selected (Table 6).



The odds ratio for each item was 1.16 (95% CI: 1.07 to 1.26) for hip abduction ROM and 0.12 (95% CI: 0.04 to 0.39) for eccentric adductor muscle strength. The results of the Hosmer–Lemeshow test in this model were shown to be compatible with p = 0.39, with the percentage of correct classifications being 87.6%.





4. Discussion


This study examined high school soccer players’ risk factors for the development of groin pain during a 16-week groin injury prevention program, as well as the effectiveness of the program on groin pain prevention. This is the first study to analyze risk factors for the development of groin pain in high school soccer players. Factors predicting groin pain were decreased strength in hip adduction and an increase in hip abduction ROM at start of the evaluation period.



In this 16-week study, the injury rate for all injuries was 3.3 per 1000 athlete hours. This was comparable to previous studies of high school soccer players [28,29]. The incidence of groin pain injuries was 0.7 per 1000 athlete hours. Groin pain in adult soccer players has been reported to be common [30,31], and is also common in younger players [28,29]. The injury rates obtained in the present study were similar to previous reports indicating that groin pain is common even in high school soccer players.



The CAE has been reported to reduce the incidence of groin pain [18], which is consistent with our findings. In the present study, the combination of CAE and NHE reduced the number of groin pain injuries, and CAE alone reduced the number of cases with time lost to sport as shown in Table 3. This supports the effectiveness of the CAE in preventing groin pain in high school soccer players. The data also show that undertaking a program including the CAE and NHE was effective in preventing the development of more severe groin pain. Comparing intervention groups A and B, the number of groin pain injuries was lower in group B, although with small effect size. This suggests that although the CAE can influence the risk of injury, based on our data, combining different forms of exercise intervention is more effective. From the above, we suggest that a combination of CAE and NHE exercise is more effective for groin pain prevention.



Hip ROM and adductor muscle strength have been reported to be associated with groin pain [13,14,15,16,32]. When comparing hip ROM and strength data between players who developed groin pain and those who did not, significant differences were found in hip abduction ROM, as well as eccentric adductor and abductor muscle strength. In this study, these differences were on the dominant and non-dominant leg. From these results, it would appear logical to screen hip abduction ROM, as well eccentric adductor and abductor muscle strength to identify at risk players.



Previous studies have reported risk factors for developing groin pain in professional soccer players [14]. Lower levels of isometric adductor muscle strength were reported as a factor. Although our study evaluated a different form of muscle function, a reduction in adductor muscle strength was also found to be a factor in groin injury risk. The exact mechanism by which a reduction in adductor strength causes groin pain is not known. It is possible that reduced adductor strength is associated with an increase in stress on soft tissues around the groin region. In addition, during eccentric contraction, muscle activation is required while the muscle and soft tissue are elongated, this could potentially place greater stress on soft tissues in the area, which may reduce the ability to maximally activate the muscle. Muscle damage has been reported to be caused by reduced muscle tightness [33,34], but this study suggests that increased extensibility of the adductor muscles may affect groin pain. It is possible that minor muscle damage may become more severe due to repeated micro failure, and groin function may decline.



Regarding the relationship between increased hip abduction ROM, and the occurrence of groin pain found in this study, increased hip abduction ROM may place additional stress on the adductor muscles, perhaps inducing muscle damage and pain. A previous study of adult soccer players reported that a risk factor for groin pain was a decrease in abduction ROM associated with hip adductor stiffness [8]. However, our study showed that increased hip abduction ROM was a risk factor for the development of groin pain in high school soccer players. This indicates that in high school soccer players, increased extensibility, rather than reduced adductor muscle flexibility, can cause injury to the groin. It has also been suggested that this difference between adult and adolescent players may be related to the fact that high school soccer players do not acquire full body emphasized movements, have lower muscle strength than professional soccer players, and have less stability around the hip joint [35]. Therefore, it should be noted that hip abduction ROM may be excessive in high school soccer players. Furthermore, leg dominance appears important, as eccentric hip adductor muscle strength and hip abduction ROM of the dominant leg were associated with groin pain. In soccer players, it has been reported that the dominant leg is most frequently injured [36], and kicking is the most common injuring movement [5]. As the dominant leg kicks most frequently, it is most likely to be injured. The dominant leg is more frequently used during competition games in junior soccer players [37], which might explain why the dominant leg is more affected by groin pain.



From the above points, it is possible that the CAE may increase eccentric adductor muscle strength and prevent increased hip abduction ROM. Previous studies have re-ported that strengthening the adductor muscles in professional ice hockey players and semi-professional soccer players reduces groin pain [15,18]. CAE has also been shown to be effective for chronic pubic-related pain [38]. The current study also now provides evidence for this in high school soccer players. The clinical implications of these findings are that a decrease in eccentric adductor muscle strength and an increase in abduction ROM on the dominant side imply screening potential for injury prevention in high school soccer players.



As a limitation of this study, injury data were based on the athlete’s self-report, which may have been under or over reported. In addition, injury investigation in this study was also self-reported, potentially leading to measurement bias. We only evaluated subjects during the intervention period over 16 weeks. Furthermore, in the definition of groin pain used in this study, it was difficult to distinguish between acute injury and injury due to overuse. A longer follow up period is required to evaluate long-term changes. Furthermore, no intervention effect was observed in group A with respect to the number of groin injuries. Therefore, the CAE alone appears to not have a preventive effect on hip eccentric adduction weakness and hip abduction ROM. In the future, analysis with an increased sample size is required. Finally, as the competition level was limited, extrapolation to all high school soccer players might not be valid.




5. Conclusions


According to a 16-week injury survey and hip screening program in high school soccer players, the risk factors for developing groin pain were dominant leg decreased eccentric hip adductor muscle strength and increased hip abduction ROM. A 16-week CAE program was effective in preventing groin pain, although adding the NHE to this program may enhance the program’s effectiveness.
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Figure 1. The Copenhagen adduction exercise. (A) Starting/ending position, (B) The mid position of the adductor muscle strengthening program. 
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Figure 2. The Nordic hamstrings exercise. (A) Starting position, (B) End position of the hamstrings muscle strengthening program. 
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Figure 3. Musculoskeletal screening test battery analyzed in this study. (A) Internal rotation in the supine position. (B) External rotation. (C) Internal rotation in the prone position. (D) Bent-knee fall-out. (E) Abduction. (F) Eccentric adduction. (G) Eccentric abduction. 
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Figure 4. Flowchart showing numbers of players participating. 
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Table 1. Training protocol for Copenhagen adduction exercise (CAE) and Nordic hamstring exercise (NHE).
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	Week
	Weekly Sessions
	Sets (Per Side) a
	Repetitions (Per Side) a





	CAE
	1
	2
	1
	3–5



	
	2
	3
	1
	3–5



	
	3–4
	3
	1
	7–10



	
	5–16
	3
	1
	12–15



	NHE
	1
	1
	2
	5



	
	2
	2
	2
	6



	
	3
	2
	3
	6



	
	4
	2
	3
	6, 7, 8



	
	5–16
	2
	3
	8, 9, 10







a CAE describes the number and number of sets on one side.













[image: Table] 





Table 2. Subject Characteristics (n = 202).
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	A Group (n = 66) b
	B Group (n = 73) b
	C Group (n = 63) b
	p-Value





	Age (years) a
	16.4 ± 0.9 (15–18)
	16.0 ± 0.7 (15–18)
	16.1 ± 0.9 (15–18)
	0.47



	Height (cm) a
	170.7 ± 5.7 (156.0–186.3)
	169.2 ± 5.2 (157.2–184.0)
	170.3 ± 5.1 (160.0–180.0)
	0.24



	Weight (kg) a
	60.2 ± 7.1 (40–83)
	58.4 ± 7.2 (42–80)
	58.5 ± 6.5 (45–74)
	0.39



	Dominant foot (players)
	
	
	
	0.22



	Right
	55
	67
	52
	



	Left
	11
	6
	11
	



	Field position (players)
	
	
	
	0.74



	Attackers
	10
	12
	11
	



	Midfielders
	24
	27
	23
	



	Defenders
	26
	23
	24
	



	Goalkeepers
	6
	11
	5
	







a Shows mean and standard deviation. Furthermore, the minimum–maximum is listed. b Group A Copenhagen adduction exercise alone. Group B combined Copenhagen adduction exercise and Nordic hamstrings exercise. Group C continues as usual.













[image: Table] 





Table 3. Frequency of groin pain by number of groin pain injuries a.
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A Group b

(n = 66)

	
B Group b

(n = 73)

	
C Group b

(n = 63)

	
χ2 Test

p-Value

	
A Group vs.

B Group

	
A Group vs.

C Group

	
B Group vs.

C Group

	
Post-Hoc d




	
p-

Value

	
Effect

Size (φ)

	
p-

Value

	
Effect

Size (φ)

	
p-Value

	
Effect Size (φ)




	
Number of Injuries (%)






	
Groin pain

	
8 (12.1)

	
4 (5.5)

	
18 (28.6)

	
0.01

	
0.16

	
0.12

	
0.02 c

	
0.20

	
0.01

	
0.31

	
B<C




	
Time-lost-to-sports

groin pain

	
6 (9.1)

	
3 (4.1)

	
16 (25.4)

	
0.01

	
0.24

	
0.10

	
0.01 c

	
0.22

	
0.01

	
0.30

	
A.B<C








a A χ2 test was performed to compare the three groups. The two groups were then compared using the χ2 test or Fisher’s exact test. b Group A intervenes Copenhagen adduction exercise alone. Group B is a combined intervention of Copenhagen adduction exercise and Nordic hamstrings exercise. Group C is a control group. c The significance level is α = 0.05. d The Bonferroni correction was used as a post hoc test.
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Table 4. Hip range of motion and strength in the presence or absence of groin pain.
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	Variable
	Groin Pain (n = 25)
	Non-Groin Pain (n = 177)
	p-Value
	Effect Size (r)





	Hip range of motion
	
	
	
	



	External rotation (°)
	
	
	
	



	Dominant leg
	36.8 ± 7.4
	36.2 ± 9.6
	0.79
	0.02



	Non-Dominant leg
	39.8 ± 7.5
	38.5 ± 8.6
	0.45
	0.53



	Internal rotation (°)
	
	
	
	



	Dominant leg
	27.6 ± 6.5
	27.4 ± 9.1
	0.65
	0.01



	Non-Dominant leg
	26.7 ± 6.1
	27.5 ± 8.4
	0.40
	0.03



	Internal rotation

in the prone position (°)
	
	
	
	



	Dominant leg
	35.7 ± 7.4
	33.9 ± 8.3
	1.00
	0.07



	Non-Dominant leg
	35.3 ± 6.4
	35.3 ± 7.9
	0.59
	0.01



	Abduction (°)
	
	
	
	



	Dominant leg
	46.1 ± 6.5
	41.0 ± 5.8
	<0.001a
	0.27



	Non-Dominant leg
	45.5 ± 6.5
	41.3 ± 6.2
	0.02 a
	0.21



	Bent knee fall out (cm)
	
	
	
	



	Dominant leg
	13.3 ± 4.5
	14.1 ± 4.2
	0.37
	0.06



	Non-Dominant leg
	13.8 ± 4.0
	13.9 ± 4.0
	0.94
	0.01



	Eccentric muscle strength
	
	
	
	



	Adduction (Nm/Kg)
	
	
	
	



	Dominant leg
	2.6 ± 0.3
	2.9 ± 0.4
	<0.001 a
	0.26



	Non-Dominant leg
	2.5 ± 0.3
	2.9 ± 0.5
	<0.001 a
	0.15



	Abduction (Nm/Kg)
	
	
	
	



	Dominant leg
	2.0 ± 0.3
	2.1 ± 0.3
	0.04 a
	0.24



	Non-Dominant leg
	2.0 ± 0.3
	2.2 ± 0.3
	0.02 a
	0.17







a The significance level is α = 0.05.
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Table 5. Factors related to the development of groin pain (Single logistic regression analysis).
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B a

	
SE b

	
p-Value

	
Odds

	
95% CI of Odds




	
Min

	
Max






	
Hip range of motion

	

	

	

	

	

	

	




	
External rotation

	

	

	

	

	

	

	




	

	
Dominant leg

	
0.006

	
0.023

	
0.79

	
1.01

	
0.96

	
1.05




	

	
Non-dominant leg

	
0.019

	
0.025

	
0.45

	
1.02

	
0.97

	
1.07




	
Internal rotation

	

	

	

	

	

	

	




	

	
Dominant leg

	
0.003

	
0.024

	
0.90

	
1.00

	
0.96

	
1.05




	

	
Non-dominant leg

	
−0.012

	
0.027

	
0.64

	
0.99

	
0.94

	
1.04




	
Internal rotation in prone

	

	

	

	

	

	

	




	

	
Dominant leg

	
0.027

	
0.026

	
0.31

	
1.03

	
0.98

	
1.08




	

	
Non-dominant leg

	
0.001

	
0.028

	
1.00

	
1.00

	
0.95

	
1.06




	
Abduction

	

	

	

	

	

	

	




	

	
Dominant leg

	
0.145

	
0.039

	
0.01 d

	
1.13

	
1.05

	
1.22




	

	
Non-dominant leg

	
0.106

	
0.035

	
0.01 d

	
1.11

	
1.04

	
1.19




	
BKFO c

	

	

	

	

	

	

	




	

	
Dominant leg

	
−0.047

	
0.052

	
0.37

	
0.96

	
0.86

	
1.06




	

	
Non-dominant leg

	
−0.004

	
0.054

	
0.94

	
1.00

	
0.90

	
1.11




	
Eccentric muscle strength

	

	

	

	

	

	

	




	
Adduction

	

	

	

	

	

	

	




	

	
Dominant leg

	
−1.991

	
0.568

	
0.01 d

	
0.14

	
0.05

	
0.42




	

	
Non-dominant leg

	
−1.707

	
0.514

	
0.01 d

	
0.18

	
0.07

	
0.50




	
Abduction

	

	

	

	

	

	

	




	

	
Dominant leg

	
−1.307

	
0.639

	
0.04 d

	
0.27

	
0.08

	
0.95




	

	
Non-dominant leg

	
−1.476

	
0.639

	
0.02 d

	
0.23

	
0.07

	
0.80








a B: regression coefficient. b SE: standard error. c BKFO: Bent Knee Fall Out. d The significance level is α = 0.05.













[image: Table] 





Table 6. Factors related to the development of groin pain (Multiple logistic regression analysis) a.
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B b

	
SE c

	
p-Value

	
Odds

	
95%CI of Odds




	
Min

	
Max






	
Hip Range of Motion

	

	

	

	

	

	

	




	
Abduction

	
Dominant leg

	
0.152

	
0.043

	
0.01 d

	
1.16

	
1.07

	
1.266




	
Eccentric Muscle Strength

	

	

	

	

	

	

	




	
Adduction

	
Dominant leg

	
−2.123

	
0.601

	
0.01 d

	
0.12

	
0.04

	
0.39




	
Constant

	

	
−2.614

	
2.317

	
0.26

	
0.07

	

	








a likelihood ratio: p-value < 0.01, Hosmer–Lemeshow test: p = 0.39, percentage of correct classifications was 87.6%. b B: regression coefficient. c SE: standard error. d The significance level is α = 0.05.
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