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ABSTRACT

Hip and/or groin injuries are among the most common physical

Article Info: complaints in adult male football players, accounting for 10-20% of all new injuries.

Blood Flow Restriction (BFR) training combined with low-load resistance exercise has
Received: 9 June 2025 demonstrated several beneficial physiological effects. This study aimed to evaluate
Accepted: 17 June 2025 the effect of BFR training on groin pain in male football players aged 18 to 30 years.
Available Online: 25 June 2025 MThis single-arm interventional study included 16 male football players aged

between 18 and 30 years who volunteered to participate. Participants were
recruited through screening using the Visual Analogue Scale (VAS); those scoring >3
were included. Groin pain and function were assessed using the Copenhagen Hip
and Groin Outcome Score (HAGOS), and baseline scores were recorded. Participants
underwent BFR training combined with a Modified Holmich’s protocol over a four-
week period (12 sessions in total). Pre- and post-intervention data were collected
and analyzed statistically to determine the intervention's effectiveness.

MThe calculated effect size (Cohen’s d) was 4.66, indicating a very large effect
according to standard reference values. Statistical analysis at the 5% significance

Keywords: level revealed a significant difference between pre- and post-intervention scores (p

< 0.001), confirming notable improvements in outcomes following the intervention.
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1. Introduction

Football players experience a higher incidence of lower limb injuries than athletes in many other sports
(1). Groin injuries alone account for approximately 10-20% of new injuries sustained by adult male
football players, including those at elite and sub-elite levels, making them one of the most prevalent
physical complaints in this population (2). In sports medicine, persistent groin pain is a common and often
challenging condition to manage. Recovery can be prolonged, delaying an athlete’s full return to sport.
Adductor-related pain has been reported to account for 69% of groin injuries in football players and 58%
across all sports (3). Consequently, many professional football teams assess players’ hip adductor muscle
strength, based on the belief that strength deficits may precede the onset of groin injuries (4). Although
some athletes may demonstrate greater resilience due to psychological, physiological, or genetic factors,
intrinsic risk factors still contribute significantly to injury occurrence. As such, certain individuals may
remain injury-free even when exposed to high-risk conditions (5).

Studies have shown that athletes with lower levels of physical fitness are more susceptible to injury (6).
Resistance training is an essential component of any team-sport athlete’s training program, as it enhances
muscular strength and endurance, improves power and speed, and reduces the risk of injury (7). Blood
Flow Restriction (BFR) training has been shown to elicit muscle hypertrophy responses comparable to
those achieved through high-load resistance training (8). Low-load BFR (LL-BFR) exercise, performed at
20-30% of one-repetition maximum (1RM), can produce strength and hypertrophy gains similar to those
observed with higher-load protocols (70-85% 1RM). This method reduces mechanical stress on bones and
joints, making it a viable option for individuals with musculoskeletal limitations. LL-BFR can therefore
help prevent overuse injuries while still effectively promoting muscular adaptation (9).

Groin pain is a frequent complaint among football players, often requiring a comprehensive approach to
treatment. Conventional management has included modalities such as transcutaneous electrical nerve
stimulation (TENS), therapeutic ultrasound, interferential therapy (IFT), stretching, isometric and
strengthening exercises, and sport-specific rehabilitation including skating drills. While Blood Flow
Restriction Training (BFRT) has been applied in sports like ice hockey, bodybuilding, and weightlifting,
as well as in clinical populations with osteoarthritis, knee pain, and post-anterior cruciate ligament (ACL)
reconstruction, its use in football players with groin pain remains underexplored (10-14). Unlike prior
studies that have broadly evaluated the efficacy of BFRT in musculoskeletal rehabilitation or general groin
pain management, the present study specifically targets football players with groin pain—a group for whom
current evidence is limited. Although BFRT has demonstrated promising outcomes in groin-related
conditions, there is a clear lack of focused research assessing its direct application in this high-risk athletic
population. Therefore, this study aims to address a critical gap in the sports medicine literature by exploring
the potential benefits of BFRT for managing groin pain specifically in football players, a group subjected
to intense physical demands and a high incidence of injury. The objective of this study was to evaluate the
effect of Blood Flow Restriction Training on groin pain in male football players aged 18-30 years, using
the Hip and Groin Outcome Scale (HAGOS) and the Visual Analogue Scale (VAS).

2. Methods

2.1 Subjects

The present study employed an experimental pre—post interventional design with a final sample size of 16
participants. The required sample size was calculated using the following formula:
n=[(Za+ ZP)* x 2 x o]/ d?

Where:

e Za =1.96 (corresponding to a 5% significance level)

e ZB=0.84 (corresponding to 80% statistical power)

* o =6 (estimated standard deviation)

* d =6 (expected minimum difference)

Substituting the values into the formula:

n=[(1.96 +0.84)2 x 2 x 62] / 62

n=[2.82x2x 36]/36

n=1[7.84x%x72]/36
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n=56448/36=15.68~16

To account for a potential 10% dropout rate, 18 participants were initially recruited through probability-
based random sampling to ensure the desired sample of 16 subjects. Ethical approval was obtained from
the institutional ethics review committee prior to the commencement of the study. Participants were male
football players aged 18 to 30 years from Belagavi city, all experiencing groin pain. Screening was
conducted using the Visual Analogue Scale (VAS), and only those with scores of 3 or higher were included.
Individuals with a history of hypertension, diabetes mellitus, peripheral vascular disease, neurological
disorders, skin conditions, or cancer were excluded from participation. Eligible players were further
evaluated using the Copenhagen Hip and Groin Outcome Score (HAGOS), which quantitatively assessed
groin pain and functional status. The intervention involved a structured Blood Flow Restriction (BFR)
training protocol tailored for this athletic population.

2.2 Procedure

All subjects were screened according to the inclusion and exclusion criteria. Written informed consent was
obtained in the participants’ native language. Basic demographic data were collected prior to the
intervention. BFR cuffs used in the study were 3 inches wide and 71 inches long. The cuff pressure was
set at 60—70% of arterial occlusion pressure (AOP) and was progressively increased during sessions,
ranging from 160 to 200 mmHg (13).

2.3 Intervention

The intervention followed a modified Holmich protocol (Table 1) and was administered by certified
physiotherapists. A treatment diary was maintained to monitor adherence. The intervention was delivered
over 4 weeks, totaling 12 sessions. A BFR tourniquet was applied over the groin area to restrict venous
outflow while maintaining arterial inflow. During each session, the therapist demonstrated the prescribed
exercises. Cuff pressure was gradually increased throughout the session, and occlusion was maintained
during the exercise sets and released during rest intervals (13).

2.4 Outcome Measures

Copenhagen Hip and Groin Outcome Score (HAGOS) is a 37-item questionnaire designed to assess hip
and groin-related pain, symptoms, physical function in daily life and sport, participation in physical
activities, and quality of life. It has demonstrated excellent test-retest reliability with an intraclass
correlation coefficient (ICC) ranging from 0.82 to 0.91. Participants completed the questionnaire both pre-
and post-intervention (15).

Visual Analogue Scale (VAS) is a 0-10 scale used to assess pain intensity. Participants were instructed to
mark the number that best represented their current level of pain, where higher scores indicate greater pain
severity and lower scores suggest less pain (16).

Table 1. Training Program Used in the Study

Exercise Sets x Duration per Description / Intensity Rest Rest
Reps Rep Between Between
Reps Sets

Bilateral Straight Leg 3x10 10 sec Seated V position; legs extended 10 sec 2 min
Raising (Seated V) and raised with control
Isometric Standing Hip 5x 10 10 sec Elastic bands used for isometric 10 sec 2 min
Adduction (Bands) (each leg) adduction; pain-free
Adduction Against 3x10 10 sec Squeeze football between knees 10 sec 2 min
Football (Crook-lying) in crook-lying; isometric
Straight & Oblique 4x15 N/A 15 straight sit-ups followed by N/A 1 min
Abdominal Sit-ups oblique variations
Prone Bridging 10 reps 15 sec Plank with straight back, held on ~ 15-20 sec N/A
(Forearms & Toes) forearms and toes
Elbow Side Bridging 10 reps 15 sec Side plank; neutral trunk 15-20 sec N/A
(Each Side) per side alignment
Unilateral Bridge 10-12 12 sec (6sec  Raise each leg alternately while 15-20 sec N/A
(Crook-lying) reps per leg) maintaining spinal neutrality
Wobble Board Balance N/A 8 min Start on both feet, progress to N/A N/A
Training single-leg with challenges
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2.5 Statistical Analysis

Statistical analysis was performed using SPSS version 23. The Shapiro-Wilk test confirmed the normal
distribution of the data. Descriptive statistics were used to summarize the participants’ baseline
characteristics, including age and body mass index (BMI). A paired sample t-test was conducted to
compare the pre- and post-intervention scores for both outcome measures.

3. Results

The baseline characteristics of the participants, including age and body mass index (BMI), are presented
in Table 2. A paired sample t-test was conducted to compare pre-test and post-test scores for both outcome
measures. The analysis revealed a statistically significant difference between pre-intervention and post-
intervention HAGOS scores (p < 0.001), with a substantial reduction in mean scores and decreased
variability after the intervention (Table 3). The calculated effect size (Cohen’s d) was 3.65, which is
considered a very large effect based on standard benchmarks (Table 3). Similarly, the comparison of pre-
test and post-test VAS scores showed a marked reduction in pain following the intervention, with the mean
score dropping from 4.50 to 0.38 and a corresponding effect size of 4.66, indicating a very large effect
(Table 4). The post-intervention scores also demonstrated greater consistency, as indicated by the lower
standard deviation compared to the pre-test values (Table 4). These improvements are clearly illustrated in
Fig. 1, which displays the reductions in both HAGOS and VVAS scores following the four-week intervention
period. Overall, the findings confirm that the application of blood flow restriction training produced
statistically and clinically significant improvements in groin pain and function among the participants.

Table 2. Descriptive Statistics (Mean * SD)
Variable Minimum Maximum  Mean £ SD
Age (years)  18.00 24.00 20.81+£2.07
BMI (kg/m?)  17.00 28.00 21.18+3.13
BMI: Body Mass Index

Table 3. Comparison of pre-test and post-test scores of HAGOS by paired sample t test
Time Mean+SD Mean Diff. SD Diff. Effect Size (Cohen'sd) t-value p-value

Pre 79.56 +12.03 *
Post 4294+ 591 36.63 10.04 3.65 14593 <0.001

* p-value less than p < 0.001

Table 4. Comparison of pre-test and post-test scores of VAS by paired sample t test
Time Mean+SD Mean Diff. SD Diff. Effect Size (Cohen'sd) t-value p-value
Pre 450+1.15 *
Post 038+ 062 4.13 0.89 4.66 18.643 <0.001
* p-value less than p < 0.001
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Fig. 1. Comparison of Pre-Test and Post-Test Scores for HAGOS and VAS
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4. Discussion

This study evaluated the effectiveness of blood flow restriction (BFR) training combined with the Modified
Holmich protocol in reducing groin pain among football players. A total of 16 participants underwent 12
sessions over a 4-week period, with pre- and post-intervention assessments using the HAGOS and VAS
outcome measures. The results demonstrated significant reductions in groin pain and improvements in
functional outcomes, confirming the therapeutic value of BFR training in musculoskeletal rehabilitation.
Our findings align with and expand upon existing literature demonstrating the benefits of BFR. While prior
studies have predominantly focused on the performance-enhancing effects of BFR—particularly in
adolescents and younger athletes—our study highlights its clinical relevance in injury management (12).
The observed reductions in HAGOS and VAS scores underscore BFR’s dual utility: not only can it enhance
strength and hypertrophy, but it also serves as an effective rehabilitation modality. These findings reinforce
the need to consider age-specific and goal-oriented adaptations when applying BFR training across athletic
populations.

In contrast to studies that focused on aerobic capacity improvements through BFR (17), our investigation
emphasized pain reduction and functional recovery in athletes with groin-related discomfort. This
distinction illustrates the versatility of BFR, demonstrating its potential for both performance enhancement
and therapeutic use. The convergence of positive outcomes across these studies supports the integration of
BFR into comprehensive athletic conditioning and rehabilitation programs. Further comparison with
strength training studies in older adults shows how exercise interventions, though applied to different
populations, can yield beneficial outcomes. While such studies emphasize improvements in quality of life
and functional mobility in seniors, our research targets injury-specific rehabilitation in young athletes (18).
This contrast highlights the adaptability of exercise-based therapy and the importance of tailoring
interventions to the physiological characteristics and needs of the target group. A randomized controlled
trial investigating resistance training with and without BFR in older adults reported superior gains in knee
extensor strength and functional performance in the BFR group, as measured by timed up and go (TUG)
and sit-to-stand (STS) tests (19). Although the participant populations and study designs differ, the
evidence from both studies supports BFR’s efficacy—whether for enhancing strength in the elderly or
managing groin pain in athletes. These complementary findings reinforce BFR’s broad applicability across
clinical and performance domains.

Additionally, BFR has been widely explored in the context of post-surgical rehabilitation, particularly
following anterior cruciate ligament (ACL) reconstruction. Studies have shown its effectiveness in
preserving muscle mass and accelerating recovery (20). In our study, football players with groin pain
experienced difficulty in training and competition, but the integration of BFR training with targeted
exercises led to rapid improvements in pain and function within a relatively short timeframe. This suggests
that BFR may offer a time-efficient and effective intervention for a variety of musculoskeletal conditions
beyond surgical contexts. Moreover, prior studies using the modified Holmich protocol alone have shown
effectiveness in managing adductor-related groin pain. However, our findings suggest that combining BFR
training with the modified Holmich regimen results in superior outcomes—specifically, faster pain
reduction, greater functional gains, and earlier return to sport (21). This integrated approach appears to
enhance both the speed and extent of recovery, underscoring its potential as a highly effective treatment
strategy for groin-related injuries in athletic populations.

This study has several limitations that should be acknowledged. First, the exclusion of female participants
limits the generalizability of the findings to the broader athletic population. Second, the absence of follow-
up evaluations restricts our understanding of the long-term effects of the intervention. Additionally, the
lack of a control group and the omission of functional performance testing further constrain the
interpretation of the results and the ability to assess practical improvements in athletic function. Future
studies should aim to include a more diverse sample, incorporating both male and female participants, to
enhance external validity. The inclusion of a randomized control group and follow-up assessments would
help determine the sustainability of the intervention’s effects over time. Furthermore, integrating functional
performance tests would allow for a more comprehensive evaluation of recovery and return-to-play
readiness. To improve long-term muscle healing, future research could also explore the addition of a
progressive strengthening phase to the Modified Holmich protocol.
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5. Conclusion

Based on the statistical findings, it can be concluded that blood flow restriction (BFR) training has a
significant effect on reducing groin pain in football players. When combined with the Modified Holmich
protocol, BFR training effectively promotes muscle repair and enhances functional recovery. This
intervention demonstrates strong potential as a time-efficient and clinically valuable approach for
accelerating rehabilitation in athletes with groin-related injuries.
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