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Background of the study: The increasing interest in female soccer 
has driven a notable shift in its appeal and audience engagement, 
underscoring the importance of understanding factors that influence 
player performance and injury prevention. Physical fitness, identified as a 
crucial determinant of soccer performance, often surpasses other factors 
such as technical skills and tactical awareness. Effective interventions, 
such as dietary supplements and core stabilisation exercises, play a 
vital role in enhancing performance and reducing injuries. Additionally, 
the Adductor Strengthening Programme (ASP) has shown promise in 
mitigating groin problems. Despite the benefits of aerobic exercise 
for cardiovascular health and muscle function, the specific impact of 
core-targeted exercises on competitive soccer performance remains 
unclear, highlighting the need for further research to optimise training 
protocols for female athletes. 

Methodology: A total of 40 subjects were selected for the study obtaining 
informed consent. Subject who fulfilled the following inclusion and 
exclusion criteria were randomly to one of the two groups. Each group 
comprised of 20 subjects between the age group 18-23 years. The 
experimental group was given aerobic exercise and core strengthening 
on adductor muscle strength for 8– week treatment course. The study 
parameters include VAS (Visual analog scale), MMT (Manual Muscle 
Testing), six minute run test and SPEED score used for the pre-test and 
post-test comparison done between the experimental and control group. 

Result: The experimental group showed slightly higher enhancements 
in physical performance measures butthere is no significant differences 
between the groups in VAS (pain) and MMT (muscle strength) 
improvements (p > 0.05), the experimental group exhibited significantly 
greater improvements in the Six-Minute Run (median improvement 
of 390.00 meters, Z = -5.060, p = 0.000) and SPEED scores (median 
reduction of -4.68, Z = -5.344, p = 0.000). 

Conclusion: Overall, the aerobic intervention was found to be more 
effective in enhancing physical performance.

Keywords: Female Football Players, GPS, Core Strengthening, 
Aerobic Strength, Performance
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Introduction
The popularity and competitive landscape of female 
soccer have experienced exponential growth in recent 
years, marking a significant shift in its appeal and 
audience engagement. This surge is underpinned by 
multifaceted factors influencing player performance, 
injury dynamics, and strategies aimed at enhancing 
athletic longevity and success.1,2 Soccer, renowned for 
its demanding technical skills, tactical intricacies, and 
physical rigours, places paramount importance on player 
fitness and physiological resilience.3 Studies underscore 
physical fitness as a cornerstone determinant of soccer 
performance, encompassing agility, endurance, and 
strength, alongside mental fortitude and strategic 
acumen.4 Despite advancements, injuries remain a 
prevailing concern in soccer, with Groin Pain Syndrome 
(GPS) emerging as a prominent issue among both amateur 
and professional athletes.5 Defined by symptoms in the 
inguinal-pubic-adductor region, GPS significantly impacts 
player availability and performance. Traditional injury 
surveillance methods reliant on “time loss” definitions 
often underestimate the true prevalence and impact of 
GPS, which can result from both acute trauma and chronic 
overuse.6 Core stability has emerged as a pivotal component 
in mitigating injury risks in soccer.7 Effective trunk and hip 
control not only enhances biomechanical efficiency during 
dynamic movements but also reduces the likelihood of 
injuries such as GPS. Exercises targeting core muscles, 
including deep stabilisers like Transversus Abdominis 
and Lumbar Multifidus, play a crucial role in improving 
spinal stability and minimising adduction moments that 
contribute to injury.8 Moreover, comprehensive training 
strategies integrating aerobic exercise, strength training, 
and flexibility regimens are essential in optimising physical 
performance and reducing injury susceptibility.9 Dietary 
supplements also play a significant role in supporting 
player health and recovery, underscoring the holistic 
approach necessary for sustainable athletic success.10 
This review aims to synthesise current literature on 
the multifaceted influences of physical fitness, injury 
dynamics, and core stability in female soccer.11 By 
examining these interconnected factors, we seek to 
highlight critical insights and propose future research 
directions to enhance player welfare and performance 
in this rapidly evolving sport.12

Objectives 
• To determine the efficacy of aerobic exercise on 

performance in female soccer players among the 
GPS population

• To determine the efficacy of core strengthening on 
performance in female football players among the 
groin pain syndrome population

• To determine the efficacy of adductor muscle 
strengthening on muscle power in female soccer players 
among the GPS population

Materials and Methods
This study was an experimental study design with pre- and 
post-test results. The study was conducted in Chettinad 
Academy of Research and Education in Kelambakkam. 
Aerobic exercise, core and adductor strengthening 
are compared with the conventional intervention for 
muscle weakness in female groin pain syndrome. The 
participants’ informed permission was acquired before 
the group assignment. The time frame for conducting this 
investigation was March 2024–May 2024 and the study 
was ethically approved by the Institutional Human Ethics 
Committee for Student Research (CARE IHEC-I/2409/24). 
The target population was academic football players with 
groin pain syndrome. Convenient sampling was used in the 
study. A total of 40 participants 18 – 23 years of female 
gendered football players having groin pain are included 
and any recent surgery, other musculoskeletal problems 
like inguinal pain, chronic fatigue syndrome are excluded 
are excluded in our study.chosen based on the inclusion 
and exclusion criteria. The subjects were initially assessed 
and divided into two groups, with 20 individuals each: the 
experimental and the control group. Pre-test values were 
obtained for groin pain using the Visual Analague scale 
(VAS) , muscle weakness (muscle power) using the Manual 
Muscle Testing (MMT) and performance using the 6-min run 
test and speed test; these were all based on the outcome 
measurements. It was considered as the baseline reading, 
and during the fourth week of post-therapeutic intervention, 
the post-test readings were obtained. Based on the 6-min 
run test and speed test, a comparison of the pre-test and 
post-test interventions was carried out for performance, 
and similar comparisons for muscle power and groin pain 
were conducted using the MMT device and the VAS scale, 
respectively. 

Results
The data are collected and interpretation of data are 
analysed using IBM SPSS version 26 analysis software. 
Normative test for each variables were analysed using 
Shapiro-Wilk test (Table 2). Both the experimental and 
control groups exhibited significant improvements in all 
measured outcomes based on intra-group and inter-group 
analysis (Table 1,3 and 4). However, the experimental group 
demonstrated slightly higher improvements in physical 
performance measures. 

VAS (Pain) and MMT (Muscle Strength) 
Measurements
• There were no significant differences between the 

experimental and control groups in terms of VAS (pain) 
and MMT (muscle strength) improvements.
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Descriptive Statistics
Experimental group N Minimum Maximum Mean SD

VAS_PRE 20 5.00 7.00 5.85 0.75
VAS_POST 20 1.00 2.00 1.35 0.49
MMT_PRE 20 3.00 4.00 3.45 0.51

MMT_POST 20 4.00 5.00 4.85 0.37
SixMins_RUN_PRE 20 650.00 1150.00 898.50 153.63

SixMins_RUN_POST 20 1130.00 1450.00 1279.50 99.02
SPEED_PRE 20 14.22 22.15 17.99 2.42

SPEED_POST 20 10.70 16.70 13.16 1.75
 Control group N Minimum Maximum Mean SD

VAS_PRE 20 5.00 7.00 5.90 0.79
VAS_POST 20 1.00 2.00 1.45 0.51
MMT_PRE 20 3.00 4.00 3.35 0.49

MMT_POST 20 4.00 5.00 4.80 0.41
SixMins_RUN_PRE 20 680.00 1260.00 974.00 188.50

SixMins_RUN_POST 20 820.00 1390.00 1116.00 178.34
SPEED_PRE 20 14.29 22.06 17.62 2.19

SPEED_POST 20 12.66 20.55 15.84 2.04

Table 1.Descriptive Statistics for all Variables in the Experimental and Control Groups

Table 2.Test for Normality

Tests of Normality
 

Group
Shapiro-Wilk

 Statistic df p Value

VAS_PRE
Experimental group 0.809 20 0.001

Control group 0.809 20 0.001

VAS_POST
Experimental group 0.608 20 0.000

Control group 0.637 20 0.000

MMT_PRE
Experimental group 0.637 20 0.000

Control group 0.608 20 0.000

MMT_POST
Experimental group 0.433 20 0.000

Control group 0.495 20 0.000

SixMins_RUN_PRE
Experimental group 0.954 20 0.425

Control group 0.930 20 0.153

SixMins_RUN_POST 
Experimental group 0.955 20 0.451

Control group 0.950 20 0.366

SPEED_PRE
Experimental group 0.945 20 0.295

Control group 0.959 20 0.532

SPEED_POST
Experimental group 0.954 20 0.428

Control group 0.961 20 0.560

Physical Performance Measures
•	 Six-Minute Run: The experimental group showed 

significantly greater improvements compared to the 
control group, with a median improvement of 390.00 
meters (Z = -5.060, p = 0.000).

•	 Speed Scores: The experimental group also exhibited 
significantly greater reductions in SPEED scores, with 
a median reduction of -4.68 (Z = -5.344, p = 0.000).

These findings suggest that the experimental intervention 
was more effective in enhancing physical performance 
compared to the control intervention.
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Table 3.Paired Samples Test 

Table 4.Inter-Group Analysis (i.e., Between-Group Analysis) 

Descriptive Statistics

Experimental group N Mean SD Minimum Maximum Median

VAS_PRE 20 5.85 0.75 5.00 7.00 6.00

MMT_PRE 20 3.45 0.51 3.00 4.00 3.00

6Mins_RUN_PRE 20 898.50 153.63 650.00 1150.00 925.00

SPEED_PRE 20 17.99 2.42 14.22 22.15 18.31

VAS_POST 20 1.35 0.49 1.00 2.00 1.00

MMT_POST 20 4.85 0.37 4.00 5.00 5.00

6Mins_RUN_POST 20 1279.50 99.02 1130.00 1450.00 1290.00

Control group N Mean SD Minimum Maximum Median

SPEED_POST 20 13.16 1.75 10.70 16.70 13.34

VAS_PRE 20 5.90 0.79 5.00 7.00 6.00

MMT_PRE 20 3.35 0.49 3.00 4.00 3.00

6Mins_RUN_PRE 20 974.00 188.50 680.00 1260.00 955.00

SPEED_PRE 20 17.62 2.19 14.29 22.06 17.32

VAS_POST 20 1.45 0.51 1.00 2.00 1.00

MMT_POST 20 4.80 0.41 4.00 5.00 5.00

6Mins_RUN_POST 20 1116.00 178.34 820.00 1390.00 1090.00

SPEED_POST 20 15.84 2.04 12.66 20.55 15.34

Test Statistics
Experimental Group Control Group

Z p Value Z p Value
VAS_POST - VAS_PRE -3.98 0.000 -3.96 0.000

MMT_POST - MMT_PRE -4.05 0.000 -3.94 0.000

6Mins_RUN_POST - 6Mins_RUN_PRE -3.93 0.000 -3.93 0.000

SPEED_POST - SPEED_PRE -3.92 0.000 -3.92 0.000

Descriptive Statistics

 Experimental group N Mean SD Minimum Maximum Median

VAS_DIFF 20 -4.50 0.89 -6.00 -3.00 -4.00

MMT_DIFF 20 1.40 0.50 1.00 2.00 1.00

SixMinsRUN_DIFF 20 381.00 95.42 130.00 600.00 390.00

SPEED_DIFF 20 -4.83 1.35 -7.15 -2.28 -4.68

Group 20 1.00 0.00 1.00 1.00 1.00

Control group N Mean SD Minimum Maximum Median

VAS_DIFF 20 -4.45 1.00 -6.00 -3.00 -4.50
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Paired Samples Test 
This test was conducted to test whether there is any 
significant change in VAS, MMT, 6-min run test, and speed 
test scores from pre-test to post-test.

Discussion
In football, hip and groin injuries are prevalent, constituting 
approximately 10% to 19% of all injuries that result in time 
lost from play.13 During any given season, up to 53% of 
sub-elite players may experience hip or groin pain, with 
those suffering from symptoms lasting over six weeks 
reporting a more severe burden than those with shorter 
durations of discomfort.14 As football progresses, players 
are challenged by rising match intensity, necessitating 
enhanced capabilities to handle both on-ball and off-ball 
situations. In today’s football landscape, coaches are 
continuously on the lookout for swift and skilful players 
who boast exceptional physical fitness. These athletes 
should be capable of executing repetitive high-intensity 
exercises and managing rigorous training and match 
schedules week after week.15 By integrating aerobic high-
intensity training sessions into the regimen once or twice 
a week, athletes can enhance their aerobic energy system 
capacity. This approach also raises the threshold at which 
ionic and metabolic disturbances occur, thereby delaying 
the onset of fatigue during exertion. Consequently, there 
is usually a substantial reduction in the training volume 
allocated to low-to-moderate intensity activities during 
intensified training phases.16 A scoping review suggests 
that the utilisation of strengthening exercises may offer 
potential advantages in enhancing motor control and the 
performance of functional and specific movements in 
individuals recovering from ankle sprains and soft tissue 
injuries.17

Various types of strengthening exercises, including 
bodyweight exercises, machine-based routines, multi-
axial strengthening exercises, specific resistance training, 
and combinations of strength training with motor control 

or visual motor training, were utilised. These exercises 
incorporated different resistance types, repetition maximal 
techniques, and surface variations, offering a diverse 
regimen aimed at improving rehabilitation and performance 
outcomes.18 Strengthening exercises were identified as 
effective in enhancing motor control and performance in 
individuals with ankle sprains. Three studies highlighted a 
noteworthy distinction in motor control and performance 
outcomes when comparing the effects of strengthening 
exercises to those of conservative physical therapy 
treatment for ankle sprain or instability.19,20 The current 
study sought how well individuals with GPS responded to 
the experimental group and control group treatments for 
performance management, pain management and muscle 
power enhancement.21 The results of this investigation 
contribute to the body of knowledge on physiotherapy 
therapies for GPS and offer insightful information about 
the possible advantages of these methods. It has been 
shown that aerobic, core and adductor muscle strength and 
stretching and strengthening techniques effectively reduce 
groin pain and increase muscle power and performance. 
Still, not much study has been done on using these 
techniques, especially for GPS. As a result, this research 
would help determine how beneficial these methods are 
for people with GPS.

Conclusion
The results of both intra-group and inter-group analyses 
revealed significant enhancements in all measured 
outcomes for both the experimental and control groups. 
The participants who received aerobic exercises exhibited 
slightly greater improvements in physical performance 
metrics compared to the control group. These findings 
indicate that the aerobic intervention was more efficacious 
in augmenting physical performance.

Conflict of Interest: None

Source of Funding: None

MMT_DIFF 20 1.45 0.60 0.00 2.00 1.50

SixMinsRUN_DIFF 20 142.00 29.84 100.00 240.00 140.00

SPEED_DIFF 20 -1.78 0.40 -2.65 -1.23 -1.74

Test Statistics

VAS_DIFF MMT_DIFF SixMinsRUN_DIFF SPEED_DIFF

Mann-Whitney U 196.500 186.000 13.500 2.500

Wilcoxon W 406.500 396.000 223.500 212.500

Z -0.099 -0.433 -5.060 -5.344

p value 0.921 0.665 0.000 0.000
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