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Abstract

This study aimed to compare BKFO test scores as a screening tool for assessing core stability and muscle
endurance in active women aged 18—25 with chronic groin pain and a healthy group in Urmia. This cross-sectional
analytical study included 34 participants (17 with groin pain and 17 healthy), selected through purposive sampling.
The BKFO test was used to evaluate lumbopelvic stability, and demographic data were collected via
questionnaires and physical examinations. Statistical analysis, including the Shapiro-Wilk test and independent t-
test, revealed a significant difference in BKFO test scores between the two groups (p < 0.05), with the groin pain
group showing poorer stability. The findings suggest that reduced core stability and muscle endurance may be
risk factors for chronic groin pain. These results emphasize the importance of targeted rehabilitation and
preventive measures to improve lumbopelvic stability in athletes.
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Introduction

Groin and hip pain is a common musculoskeletal complaint among young and middle-aged individuals,
significantly affecting their physical performance. Groin injuries are prevalent in multi-directional sports requiring
activities such as running, jumping, repeated starts, kicking, shooting, speed, and twisting movements, including
soccer, Australian football, rugby, cricket, ice hockey, basketball, and handball (Holmich et al., 2014; Thorborg
et al., 2018). Recent studies have focused on injuries from proximal to distal regions. Given the interconnected
chain of body segments, athletes require strength and stability in the trunk and lower limb muscles to maintain
movement stability across all three planes (Leetun et al., 2004). Research indicates that joint instability and
uncontrolled joint movements may alter lower limb and distal segment motion, increasing the risk of lower limb
injuries (Ferber et al., 2015; Hein et al., 2012).

Functional tests have gained attention for identifying and correcting faulty movement patterns and preventing
sports-related injuries caused by these patterns. Consequently, movement screening tests have expanded
significantly to assess athletes’ and active individuals’ performance, identify movement pattern weaknesses, and
predict injuries. Screening tests evaluate injury risk, functional movement deficits, neuromuscular control,
balance, and core stability (Garrison et al., 2015; Kiesel et al., 2014). The goal of functional screening tests is to
identify individuals at risk of injury, enabling appropriate interventions to correct movement impairments and
improve physical readiness. Assessing core stability is essential for identifying motor control deficits and
movement strategies. Given the close relationship between neuromuscular performance of the hip/groin muscles
and the lumbopelvic complex, and their impact on movement patterns, and considering the lack of studies on
screening tests for core stability and muscle endurance in women with hip/groin pain, this study aimed to compare
BKFO test scores in active women aged 18-25 with chronic groin pain and healthy counterparts in Urmia.

Impact of Muscle Activity Impairment on Movement Patterns

Repetitive movements and prolonged improper postural alignment alter muscle tissue characteristics, leading to
imbalances in the global muscle system. This causes stress and strain in specific directions on various body
structures, which, if exceeding tissue tolerance, results in recurrent pain and chronic musculoskeletal pain
syndromes.

Movement pattern disorders are a significant factor in musculoskeletal impairments. Therefore, efforts focus on
achieving coordinated activity among all muscles within a balanced muscle system for pain treatment and
prevention. Reduced or excessive activity in synergistic muscles involved in movement disrupts movement
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rhythm and causes pain. Thus, muscle activity levels or the sequence and timing of muscle activation are used as
criteria for evaluating movement patterns.

Impact of Injury on Movement

Examining the effect of a localized distal joint injury on proximal muscle performance is critical in assessing and
treating musculoskeletal injuries. Although few studies exist in this area, analyzing empirical evidence provides
valuable insights into compensatory mechanisms. A controlled study by Cook et al. (2010) compared hip muscle
performance in individuals with a history of severe unilateral ankle sprains to a control group. Electromyography
recorded the activation patterns of the gluteus maximus, hamstrings, and lateral spinal extensors on both the
affected and unaffected sides during prone hip extension. Analysis showed significant differences in muscle
activation patterns in the injury group compared to the control group, observed on both sides. A notable difference
was the delayed onset of gluteus maximus activation in the injury group. These subtle changes in muscle
performance post-injury highlight the importance of comprehensive injury assessment.

Proximal changes may represent an inhibitory protective response to prevent further injury or may reduce or alter
proprioception in the injured distal region, leading to decreased coordination in the proximal muscle system during
functional activities. Alternatively, changes may stem from pain associated with the original injury, leaving a
residual inhibitory effect even after the injury resolves.

These explanations align with findings by Vladimir Janda et al. (2017), who provided a framework for
comprehensive rehabilitation addressing secondary proximal effects of primary distal injuries. The primary goal
of movement screening is to assess fundamental movement patterns and motor control, identify restrictions or
asymmetries, and evaluate their effects. Once significant asymmetries and restrictions are identified, more precise
measurements can be conducted. The core idea of screening is to describe movement pattern quality using a simple
grading system.

Research indicates a close anatomical and muscular relationship between the groin and lumbopelvic regions,
influencing each other’s performance. Studies show that athletes with groin pain exhibit core region deficits and
musculoskeletal coordination issues compared to healthy peers. Given the lack of studies on female athletes
engaged in activities prone to groin injuries, this study aimed to address this gap by comparing BKFO test scores
for core stability and muscle endurance in active women aged 18-25 with chronic groin pain and healthy women
in Urmia.

Study Design and Population

This cross-sectional analytical study included active women aged 18-25 engaged in multi-directional sports. The
sample consisted of 34 active women (scoring 13—15 on the Baecke Physical Activity Questionnaire) in Urmia’s
futsal clubs, divided into healthy and groin pain groups. After coordination with Takhti Sports Complex in Urmia,
participants meeting inclusion criteria completed information forms and were enrolled. The study was conducted
over nine months in 2021-2022.

Sampling Method and Sample Size

Purposive sampling was used, with participants selected after completing consent forms, information
questionnaires, and meeting inclusion/exclusion criteria. The sample size was calculated using G*Power software,
with a statistical power of 0.80, a significance level of 0.05, and an effect size of 0.80, accounting for a 5% dropout
rate, resulting in a total of 34 participants.

Inclusion and Exclusion Criteria

Inclusion Criteria for Women with Hip/Groin Pain:

- Groin pain during or after sports activity persisting for over six weeks

- Tenderness on palpation of the adductor tendon or pubic symphysis

- Positive squeeze test at 45° hip flexion or pain during active abduction against resistance
- No history of surgery in the lower abdomen, hip, or groin

- No inguinal hernia

- No history of low back or sacroiliac pain in the past year

- No neurological symptoms (e.g., numbness, burning, tingling) in the lower limbs
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Inclusion Criteria for Healthy Individuals:

- Negative squeeze test at 45° hip flexion

- No history of lower limb injury in the past year
Ethical Considerations

This non-invasive study posed no risk to participants. All procedures were explained, and written information was
provided. Participants signed informed consent forms and could withdraw at any stage. Data were protected and
accessible only to the research team. The researcher facilitated participants’ involvement in the study.

Research Tools and Data Collection

- Interview and Questionnaire: To assess healthy active women and those with hip/groin pain history
- Baecke Physical Activity Questionnaire: To determine physical activity levels

- Physical Examination: Conducted by a physiotherapist

- Consent Form: To confirm participants’ willingness to participate

- Demographic Information Form: For individual data collection

- SECA 755 Analog Scale: For weight measurement (accuracy: 0.01 kg)

- SECA 220 Height Meter: For height measurement (accuracy: 1 cm)

- Omax Digital Timer: For recording test performance time (accuracy: 0.01 seconds)
- Pressure Device: To assess lumbopelvic stability during the BKFO test

Tests Used

Bent Knee Fall Out (BKFO) Test:

Participants lay supine, with a pressure device placed vertically under the lumbar spine, its lower edge 2 cm from
the posterior superior iliac spine on the tested side. A rolled towel was placed under the lumbar spine where the
leg rested flat on the ground. Participants flexed the knee on the tested side to 120° and slowly abducted and
laterally rotated the hip to approximately 45°, then returned to the starting position. The other knee remained
neutral, with the foot flat on the ground.

Procedure

Participants were active women aged 18-25 with or without groin pain, engaged in multi-directional futsal in
Urmia’s clubs. After coordination with club management and coaches, eligible participants were selected
purposively based on inclusion/exclusion criteria and informed consent. A physiotherapist evaluated participants
for groin pain, diagnosed by tenderness in the proximal adductor muscles and positive results in at least two
specific tests (resisted adduction and squeeze test). Pain during the squeeze test was measured using a pain ruler.
Each participant performed the screening test under identical conditions in a single session, with scores recorded.
Data were compared between healthy and groin pain groups. For the groin pain group, core stability tests were
conducted after inflammation subsided, as acute inflammation could affect performance.

Data Analysis and Hypothesis Testing

Descriptive statistics were used to extract participant characteristics, including central tendency and dispersion
for age, height, weight, and BMI, presented in Table 1.
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Table 1: Mean and Standard Deviation of Participants’ Demographic Characteristics in Healthy and Groin Pain

Groups
Groin Pain Group (Mean + Significance
Group Healthy Group (Mean = SD) SD) (pvalue)
Variable
Age (years) 21.82+£2.12 21.47+2.29 0.66
Height (cm) 166.5 £ 4.57 167.9 +4.81 0.58
Weight (kg) 57.6 £4.67 58.5+4.72 0.82
Body Mass Index (kg/m?) | 20-3+0.99 20.6 % 1.02 0.40

Findings showed no significant differences in demographic characteristics between groups (p > 0.05). The
Shapiro-Wilk test assessed data normality, and statistical analyses were performed using SPSS version 23, with a
significance level of p < 0.05.

Table 2: Shapiro-Wilk Test Results for Study Variables by Group

Group Variable N Significance (p-
value)
Healthy Group BKFO 17 0.55
Groin Pain Group BKFO 17 0.61

The Shapiro-Wilk test showed that study variables were normally distributed in both groups (p > 0.05), allowing
the use of the independent t-test to compare scores between groups.

The hypothesis stated a significant difference in lumbopelvic stability test scores between active women aged 18—
25 with chronic groin pain and healthy counterparts.

Table 3: Mean Scores of Lumbopelvic Stability Between Healthy and Groin Pain Groups

Variable Group Mean + SD t value Significance (p-
value)
Healthy 2.56 +0.90
BKFO . -15.47 0.00
Groin pain 10.48 £ 1.90

The independent t-test showed a significant difference in BKFO test scores for lumbopelvic stability between
groups (p < 0.05). The groin pain group exhibited weaker stability and lumbopelvic dysfunction compared to the
healthy group, confirming the hypothesis.

Conclusion

The BKFO test compared core stability performance between active women with chronic groin pain and healthy
counterparts. Scores for core stability and muscle endurance were significantly lower in the groin pain group.
Although it is unclear whether these results predate or result from the injury, the significant performance
difference suggests these factors as key risk factors for groin injury recurrence. Thus, strengthening and enhancing
core stability should be prioritized in managing this condition. Preventive programs focusing on screening and
reducing injury risk factors are crucial. Reduced core stability and muscle endurance are significant risk factors,
and rehabilitation targeting these areas is effective for prevention and treatment. It is recommended to focus on
movement patterns, core stability, and muscle strength/endurance in rehabilitation and pre-season injury
screening.
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