Abstract
Introduction:
Adductor-related groin strain is a prevalent musculoskeletal injury among football players, affecting dynamic stability and agility. Strengthening protocols such as the Modified Progressive Copenhagen Adduction Exercise (MPCAE) and Resistance-based eccentric Hip adduction (EHAD) with Core training have shown benefits in improving hip adductor function. This study aimed to compare the effectiveness of MPCAE with core training versus EHAD with core training on dynamic stability and agility in collegiate football players.
Methods:
Fifty male collegiate football players (aged 18–24 years) with adductor-related groin symptoms were randomly allocated to Group A (MPCAE with core training; n=25) and Group B (EHAD with core training; n=25). Both groups underwent an 8-week training programme, three sessions per week. Dynamic stability and agility were evaluated using the Y-Balance, Triple Hop and SEMO Agility Tests. Data were analyzed using Wilcoxon signed-rank and Mann–Whitney U tests.
Observations and Results:
Both groups showed significant improvements across all measures (p<0.001). Group A demonstrated greater gains in Y-Balance scores (+7.9% vs +2.3%), Triple Hop distance (+0.41 m vs +0.20 m), and faster SEMO times (−0.91 s vs −0.66 s), with statistical significance favoring MPCAE (p<0.05).
Conclusion:
Both interventions improved dynamic stability and agility; however, MPCAE with core training provided superior functional outcomes, indicating its greater efficacy for rehabilitation and performance optimization in collegiate football players with groin strain.
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Introduction:
Groin injuries are a major problem in sport, especially in football, where they form a substantial share of both time‑loss and non–time‑loss musculoskeletal injuries. Groin pain, arising in the pubic, lower abdominal or adductor regions, may be unilateral or bilateral and is commonly associated with high running loads, repeated sprinting, rapid changes of direction and forceful kicking typical of modern football. In a Gothenburg cohort, 5% of all injuries involved the groin, and wider epidemiological data show that groin injuries constitute about 8–18% of all soccer injuries, with an incidence of roughly 0.8–1.3 per 1,000 hours of exposure. These injuries can seriously affect a player’s career by reducing performance and disturbing daily activities, and they appear less frequent in women, suggesting possible sex‑related differences in biomechanics, exposure or training load. (1,2)
In NCAA athletics, hip and groin injuries occur at a rate of 53.06 per 100,000 athlete‑exposures, based on 1,984 recorded cases, with adductor and groin strains being the most common diagnosis (24.5%). Of these injuries, 39.3% lead to time‑loss from sport, but only 1.3% need surgical intervention. Men’s soccer (110.84 per 100,000) and men’s ice hockey (104.90 per 100,000) show the highest hip and groin injury rates, and in sex‑comparable sports, men sustain significantly more such injuries than women (59.53 vs 42.27 per 100,000; RR 1.41, 95% CI 1.28–1.55), with a larger share linked to contact mechanisms. (3)
The hip adductor group includes adductor longus, magnus, brevis, gracilis, obturator externus, and pectineus. Except for pectineus (innervated by femoral nerve), all are supplied by the obturator nerve and facilitate hip adduction in open-chain tasks and pelvic/lower-extremity stability in closed-chain activities. Adductor longus is most commonly injured in sports, particularly in hockey, football, and Mallakhamb, where high eccentric demands occur during cutting, skating, and suspensory skills. (4,5) Prolonged static positions and repetitive awkward movements cause severe pain and aggravate groin symptoms. Initially, the pain is mild and vague but can rapidly worsen and become noticeable. (6) Several studies have shown that muscle strength deficits and fatigue increase lower-limb injury risk, along with reduced balance control and altered ankle mobility. However, adductor muscle function has received less focused attention compared to other established risk factors for injury prevention. (7)
Football is played by over 260 million people worldwide and carries a significant injury burden, with 6–8 injuries per 1,000 hours of exposure—much higher during matches than training. Effective injury prevention is crucial for player availability, as teams with fewer injuries achieve better league rankings, more wins, and higher points. High-burden injuries causing prolonged absence harm both performance and club finances, emphasizing the need for strategic injury management. Hip and groin pain are common and persistent in young adults; in football, traditional time-loss metrics underestimate the burden since non-time-loss groin problems are highly prevalent, especially in sub-elite and female players. Professional men's soccer sees groin injuries as 14–20% of time-loss injuries (vs 10% in sub-elite males), while elite Australian football reports 2–3 hip/groin injuries per club per season; preseason prevalence nears 27%, with one in four players reporting symptoms without missing play. Hip muscle weakness and atrophy link to various groin pain types (adductor-related, femoroacetabular impingement, chondral pathology), making strength restoration and neuromuscular control key management goals. (8,9)
The core acts as an integrated muscular "corset" comprising abdominal muscles anteriorly, paraspinals and gluteals posteriorly, diaphragm superiorly, and pelvic floor/hip girdle inferiorly, stabilizing the spine and pelvis during dynamic tasks like running, cutting, jumping, and kicking. Following Kibler's principle of "proximal stability for distal mobility," effective limb force generation requires precise trunk-pelvic control, while Panjabi's stability model highlights interactions between passive (osseous/ligamentous), active (muscular), and neural subsystems. The central nervous system regulates intra-abdominal pressure and segmental stiffness, with passive elements (vertebrae, ligaments, fascia, thoracolumbar complex) working alongside dynamic muscular control via concepts like the "abdominal canister" and thoracolumbar fascial tensioning. Thus, core training enhances performance and reduces injury risk, as deficits in core strength, endurance, proprioception, and neuromuscular control significantly increase lower-extremity injury susceptibility. (10) Core strengthening is widely used in rehabilitation to enhance trunk stability and overall function. To sustain the stability gains from such training, effective muscular control around the targeted region is essential, as this supports global body stabilisation and balance during daily and sporting activities. (11)
The Adductor Strengthening Programme (ASP) clinical trial showed a 41% reduction in groin problems among male semi-professional football players adhering to it over one full season, supporting its routine inclusion in training. ASP focuses on the high-load Copenhagen Adduction (CA) exercise across three progressive levels with pre-season and in-season protocols. Players achieved ~70% dosage compliance—higher than many prior protocols—highlighting that consistent implementation is key to preventive efficacy. (12) The Copenhagen exercise is a high-intensity, equipment-free adductor strengthening exercise easily performed on the field. It involves eccentric, partner-assisted hip adduction: the athlete lies side-supported on the forearm while a partner holds the upper leg at ankle/knee height, then elevates concentrically over 3 seconds and lowers eccentrically over 3 seconds halfway to the ground. The Modified Progressive Copenhagen Adduction Exercise (MPCAE) builds on this with a structured protocol progressing through six levels from supported isometrics to full Copenhagen adduction, enhancing eccentric hip adduction/abduction strength and optimizing the EHAD/EHAB ratio—key for reducing groin injury risk. MPCAE produces significant strength gains with minimal DOMS, improving compliance and suitability for football/futsal athletes facing high eccentric demands during cutting and directional changes. (13,14,15)
Resistance band-based eccentric hip adduction training has gained prominence for its practicality in enhancing adductor strength and reducing groin injury risk. A randomised controlled trial showed that an eight-week elastic band programme significantly improved eccentric hip adductor strength in soccer players, establishing it as a feasible alternative to heavy loading. A systematic review in team sports confirmed that elastic band interventions are effective, accessible, and adaptable for improving lower-limb strength and correcting muscular imbalances in high-performance settings. (16,17) Eccentric exercises lengthen muscles under tension, generating high forces with low energy cost to promote faster healing, greater strength gains, improved range of motion, muscle hypertrophy, insulin sensitivity, and reduced cardiovascular risks. Widely used in athlete rehabilitation, recent torque/EMG studies confirm elastic resistance at varying hip angles produces substantial contractions, with optimal band positioning enhancing recruitment—making resistance band-based eccentric adduction programmes safe, efficient, and ideal for athletic prevention and rehab. (19,20)
Core training is increasingly recognised for improving daily function and rehabilitation outcomes. The core comprises a functional unit from below the shoulder girdle to above the hip joint, with two systems: the local (deep) system of slow-twitch fibres (transversus abdominis, multifidi, internal oblique, deep transversospinalis, pelvic floor) providing segmental stability, and the global (superficial) system of fast-twitch fibres (erector spinae, external oblique, rectus abdominis, quadratus lumborum) generating torque for external loads. In athletes, core stability enables distal mobility; enhancing the lower pelvic unit improves core control, prevents groin pain, and treats low back pain, making it central to modern athletic conditioning. (21,22,23)
The Y-Balance Test (YBT) assesses dynamic stability in football players by measuring reach distances in three directions during single-leg stance, reliably detecting neuromuscular control, balance deficits, and injury-risk movement patterns. Scores are normalised to leg length, enabling identification of inter-limb asymmetries and guiding targeted prevention strategies. The Triple Hop Test measures lower-limb dynamic stability, power, and function by recording distance over three consecutive single-leg hops, assessing neuromuscular control, strength, balance, side-to-side differences, and return-to-sport readiness. The SEMO Agility Test evaluates agility by timing multidirectional course navigation, reflecting football-specific demands like forward, backward, and lateral movements. These tests are widely used in football to assess functional agility/stability and guide training/rehabilitation. (24,25)
Although both Modified Progressive Copenhagen Adduction Exercise (MPCAE) and resistance-based eccentric hip adduction (EHAD) with core training show benefits, their comparative effectiveness on dynamic stability and agility remains unclear in collegiate football players with groin strain. Existing literature examines these interventions separately rather than through direct comparison, leaving a critical gap in identifying the optimal rehabilitation strategy for this high-risk group. This study therefore compares MPCAE versus EHAD (both with core training) to determine superior efficacy for enhancing dynamic stability and agility, with implications for optimised functional recovery and musculoskeletal health.
Aims and Objectives
Aim:
To compare the effects of Modified Progressive Copenhagen Adduction Exercise (MPCAE) combined with core training and resistance-based eccentric hip adduction exercise (EHAD) combined with core training on dynamic stability and agility in collegiate football players with groin strain.
Objectives:
1. To evaluate the effect of MPCAE with core training on dynamic stability and agility in football players with adductor-related groin strain.
2. To assess the effect of resistance-based EHAD with core training on dynamic stability and agility in the same population.
3. To compare the efficacy of both interventions in improving functional performance outcomes such as dynamic stability and agility.




Materials and Methods
Study Design
This experimental study will compare the effects of a Modified Progressive Copenhagen Adduction Exercise protocol and a Resistance-based Eccentric Hip Adduction protocol, each exercise with core training, on dynamic stability and agility among collegiate football players diagnosed with adductor-related groin strain.
Selection criteria
Fifty collegiate football players (aged 18–24 years) from institutions across Chennai, India, with a history of adductor-related groin symptoms, were recruited for the study. Participants were eligible if they were actively involved in football, presented with no concurrent musculoskeletal injuries, demonstrated a Hip and Groin Outcome Score (HAGOS) between 80 and 100, and were able to commit to the eight-week intervention period. Individuals with acute injuries, systemic diseases, recent abdominal surgeries, or those unable to comply with the training schedule were excluded.
Procedure, materials, and tools
Eligible participants were then randomly assigned to two groups: Group A received the Modified Progressive Copenhagen Adduction Exercise combined with core training (n = 25), while Group B received the resistance-based Eccentric Hip Adduction exercise combined with core training (n = 25). Both groups completed an 8-week structured training programme, consisting of 45–60-minute sessions performed three times per week. Each session began with a 10-minute general warm-up, proceeded with the group-specific intervention exercises, and concluded with a 5–10-minute cool-down incorporating low-intensity mobility drills and static stretching.
Group A (MPCAE + Core Training) performed the Modified Progressive Copenhagen Adduction Exercise across six levels, progressing from supported isometric contractions to full partner-assisted eccentric loading. This was combined with core-stability exercises, including Prone Bridging on Forearms and Toes (plank; 3 sets of 20–60 seconds), Side Bridging on the Elbow (side plank; 3 sets of 15–45 seconds per side), and Abdominal Sit-Ups (3 sets of 10–20 repetitions). MPCAE was prescribed as 3 sets of 6–12 repetitions per side, incorporating a 3–5-second eccentric phase, with 60–90 seconds rest between sets and 2–3 minutes between exercises. (27)
Group B (Resistance-Based EHAD + Core Training) performed Resistance Eccentric Hip Adduction (EHAD) using elastic bands or squeeze devices positioned at varying hip abduction angles to optimize torque. The same core-stability exercises as Group A were included (plank, side plank, abdominal sit-ups at identical set–rep prescriptions). EHAD was performed as 3 sets of 8–15 repetitions per side, with a 4–6-second eccentric lowering phase, and identical rest intervals to Group A.
Exercise volume, intensity, and weekly progression for both groups were adjusted according to pain tolerance, performance quality and physiotherapist monitoring, ensuring a pain-guided loading model and consistent progression across groups.
Materials included adjustable benches/treatment tables for MPCAE, elastic resistance bands of varying tension for EHAD, yoga mats, stopwatches, and basic gym equipment for spacing and setup. Outcome measures—including the Triple Hop Test, Vertical Jump Test, and SEMO Agility Test—were assessed at baseline and after the 8-week intervention using standardized and validated protocols.
Data collection
Dynamic stability was assessed using the Triple Hop Test and the Y-Balance Test, while agility was evaluated using the SEMO Agility Test. All outcome measures were collected at baseline and again following the eight-week intervention period using standardized testing protocols.
Statistical analysis
The participants' data were analyzed using SPSS software to ensure the accuracy and reliability of the results. To confirm homogeneity between Group A (MPCAE + Core Training) and Group B (Resistance-based EHAD + Core Training) at baseline, independent t-tests were conducted on all outcome measures prior to intervention (p > 0.05). Shapiro-Wilk tests revealed non-normal data distribution (p < 0.05), necessitating non-parametric analyses. Wilcoxon signed-rank tests were used to assess within-group pre-to-post intervention effects across Y-Balance Test, Triple Hop Test, and SEMO Agility Test outcomes (p < 0.001 for all comparisons). Mann-Whitney U tests compared between-group differences in change scores, revealing superior improvements in Group A (p < 0.05).




Table 1. Baseline Characteristics and Group Comparability (Mean ± SD)
	Characteristic
	Group A (n=25)
	Group B (n=25)
	t-value
	p-value

	Age (years)
	21.2 ± 1.8
	21.4 ± 1.9
	0.45
	0.652

	Height (cm)
	172.5 ± 5.6
	173.1 ± 6.2
	0.34
	0.738

	Weight (kg)
	68.3 ± 7.2
	69.1 ± 7.8
	0.41
	0.684

	Y-Balance Test (%)
	87.4 ± 1.6
	86.7 ± 1.7
	1.78
	0.082

	Triple Hop Test (m)
	5.60 ± 0.37
	5.92 ± 0.60
	1.92
	0.061

	SEMO Agility Test (s)
	10.65 ± 0.30
	10.52 ± 0.31
	1.65
	0.106



This table presents demographic characteristics and baseline outcome measures for both groups. Independent t-tests showed no significant differences (p > 0.05), confirming successful randomization and baseline group equivalence prior to intervention.
Table 2: Pre- and Post-Intervention Descriptive Statistics (Mean ± SD)
	Outcome Measure
	Group A Pre
	Group A Post
	Group B Pre
	Group B Post

	Y-Balance Test (%)
	87.4 ± 1.6
	95.3 ± 2.5
	86.7 ± 1.7
	89.0 ± 2.0

	Triple Hop Test (m)
	5.60 ± 0.37
	6.01 ± 0.36
	5.92 ± 0.60
	6.12 ± 0.60

	SEMO Agility Test (s)
	10.65 ± 0.30
	9.74 ± 0.36
	10.52 ± 0.31
	9.86 ± 0.35



This table displays mean ± SD values for all outcome measures at baseline and after the 8-week intervention. Both groups improved in Y-Balance, Triple Hop, and SEMO Agility scores; however, Group A (MPCAE) demonstrated greater magnitude of improvement across all measures, indicating superior clinical effectiveness.
Table 3: Within-Group Changes (Wilcoxon Signed-Rank Test)
	Outcome Measure
	Group A Z
	Group A p
	Group B Z
	Group B p
	Effect Size (r)

	Y-Balance Test (%)
	-4.38
	<0.001
	-4.27
	<0.001
	0.62 (large)

	Triple Hop Test (m)
	-4.41
	<0.001
	-4.32
	<0.001
	0.63 (large)

	SEMO Agility Test (s)
	-4.45
	<0.001
	-4.29
	<0.001
	0.64 (large)



This table reports within-group pre–post comparisons, showing highly significant improvements across all outcome measures in both groups (p < 0.001; Z = −4.27 to −4.45) with large effect sizes (r = 0.62–0.64), confirming the effectiveness of each intervention prior to between-group analysis.
Table 4: Between-Group Comparison of Change Scores (Mann-Whitney U Test)
	Outcome Measure
	Group A Δ (95% CI)
	Group B Δ (95% CI)
	U
	p-value
	Effect Size (r)

	Y-Balance Test (%)
	+7.9 (6.8-9.0)
	+2.3 (1.7-2.9)
	45
	<0.001
	0.72 (large)

	Triple Hop Test (m)
	+0.41 (0.31-0.51)
	+0.20 (0.12-0.28)
	178
	0.002
	0.48 (medium)

	SEMO Agility Test (s)
	-0.91 (-1.04--0.78)
	-0.66 (-0.78--0.54)
	212
	0.015
	0.38 (medium)



This table presents the primary between-group analysis, demonstrating that Group A (MPCAE) achieved significantly greater improvements than Group B (EHAD) across all outcome measures. Large to medium effect sizes (r = 0.38–0.72) indicate clinically meaningful differences in favour of the MPCAE protocol.
Table 5: Normality Tests and Effect Size Summary (Shapiro-Wilk)
	Outcome Measure
	Pre W (p)
	Post W (p)
	Primary Analysis Used
	Overall Effect Size

	Y-Balance Test
	0.92 (<0.01)
	0.89 (<0.01)
	Non-parametric
	Large (r=0.72)

	Triple Hop Test
	0.91 (<0.01)
	0.90 (<0.01)
	Non-parametric
	Medium (r=0.48)

	SEMO Agility Test
	0.93 (<0.01)
	0.92 (<0.01)
	Non-parametric
	Medium (r=0.38)



This table justifies the use of non-parametric statistical methods, as Shapiro–Wilk tests (W = 0.89–0.93; all p < 0.01) confirmed non-normal data distribution. Accordingly, Wilcoxon and Mann–Whitney U tests were applied, with effect size analysis highlighting a large effect of MPCAE (r = 0.72) on dynamic stability, the primary outcome of the study.
Observation and Results:
Both groups showed significant pre- to post-intervention improvements in Y-Balance, Triple Hop, and SEMO Agility scores (p < 0.001), indicating that adductor strengthening combined with core training is effective for collegiate football players with adductor-related groin strain. However, the MPCAE group demonstrated superior gains, with greater improvements in Y-Balance, Triple Hop distance, and SEMO Agility time, along with medium-to-large effect sizes (r up to 0.72), suggesting that the Modified Progressive Copenhagen Adduction protocol yields more pronounced enhancements in dynamic stability and agility than resistance-based eccentric hip adduction when combined with core training.
Discussion 
This study compared an eight-week Modified Progressive Copenhagen Adduction Exercise (MPCAE) programme combined with core training with resistance-based eccentric hip adduction (EHAD) plus core training in collegiate football players with adductor-related groin strain. Both groups demonstrated significant improvements in dynamic stability (Y-Balance Test and Triple Hop Test) and agility (SEMO Agility Test), confirming that targeted adductor strengthening in combination with core training effectively enhances functional performance in this population. However, the MPCAE group showed consistently greater improvements across all outcome measures.
These superior outcomes are in agreement with earlier studies reporting that Copenhagen-based adductor exercises substantially increase eccentric adductor strength and improve the adductor–abductor strength ratio, which are recognised modifiable risk factors for groin injury. The present findings extend existing evidence by demonstrating clear improvements in balance, power, and agility among symptomatic collegiate football players. As the core training component was identical in both groups, the additional benefits observed in the MPCAE group may be attributed to its higher-intensity eccentric loading in long-lever, sport-specific positions that more closely replicate the cutting and rapid directional changes required in football. In comparison, elastic-band-based EHAD, while effective for strengthening, may not sufficiently replicate these sport-specific demands, potentially explaining the smaller functional gains in Group B.
The use of validated functional outcome measures such as the Y-Balance Test, Triple Hop Test, and SEMO Agility Test enhances the clinical relevance of this study, as these tests assess dynamic stability, neuromuscular control, limb symmetry, and multidirectional agility that are directly related to return-to-sport decision-making in football. Nevertheless, the study has certain limitations, including the inclusion of only male collegiate players from a single geographical region, a relatively short intervention period of eight weeks, and the absence of direct hip strength assessment using objective tools such as dynamometry. Future studies should include a more diverse participant population, longer follow-up periods with prospective injury surveillance, and direct strength measurements to better understand the underlying mechanisms and to determine the long-term impact on groin injury incidence and health.
Conclusion
Both interventions effectively improved dynamic stability and agility in collegiate football players with groin strain; however, the MPCAE combined with core training produced significantly greater improvements in Y-Balance, Triple Hop, and SEMO Agility outcomes, with medium to large effect sizes. These findings support the inclusion of progressive Copenhagen adductor exercises with structured core training in rehabilitation and performance programmes for football players with adductor-related groin pain, while highlighting the need for longer-term studies to confirm sustained injury-risk reduction.
