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HAMSTRING FLEXIBILITY AS A PREDICTOR OF MUSCULOSKELETAL WELLBEING IN UNIVERSITY STUDENTS: A CROSS-SECTIONAL STUDY


ABSTRACT
Background: Sedentary academic lifestyles common in university settings, yet the specific contribution of hamstring flexibility to broader musculoskeletal health in this population has not been adequately examined. 
Objectives: This study aimed to measure hamstring flexibility using two clinically validated tools, establish the pint prevalence to hamstring tightness among undergraduate students, and determine whether hamstring flexibility independently predicts musculoskeletal wellbeing outcomes.
Methods: A cross-sectional observational design was employed among undergraduate students affiliated to university in South India. Hamstring flexibility was evaluated using the Sit-and-Reach test (SRT) and the Active Knee Extension (AKE) test. Musculoskeletal outcomes were quantified through various validated instruments. Multiple linear regression modelling identified independent predictor of a composite Musculoskeletal Wellbeing Score (MWS). 
Results: Hamstring tightness was detected in 126 participants (60.0%). Female students recorded substantially higher SRT scores than males, whereas males showed greater bilateral AKE angles reflecting more pronounced tightness. All musculoskeletal outcome measures worsened in a graded manner across flexibility categories (P<0.001 to 0.003). In the regression model SRT score emerged as the strongest independent predictor (β = -0.36; p <0.001); daily sitting time and physical activity level also contributed significantly.
Conclusion: Hamstring flexibility is a significant and independent predictor of musculoskeletal wellbeing in university students. The 60% prevalence of tightness in this cohort warrants structured institutional screening. Both the SRT and AKE test provide reliable, complementary assessments suitable for university health appraisals, and modifiable behavioural factors like prolonged sitting and physical inactivity should be addressed alongside flexibility training. 
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Introduction
Undergraduate education demands sustained sedentary engagement include lectures, computer-based assignments and private study routinely occupy the majority of a student's waking hours. Research indicates that university students accumulate between seven and eight hours of seated time daily, placing them among the most sedentary young adult groups in contemporary society.1 Sustained sitting maintains the hip and knee in flexion simultaneously, holding the semitendinosus, semimembranosus and biceps femoris in a shortened configuration for extended durations. With repeated exposure, this positional loading promotes adaptive muscle shortening that reduces resting hamstring extensibility.2 Population surveys in university cohorts have documented hamstring tightness in 40–68% of students, making it one of the most commonly encountered musculoskeletal findings in this age group.3
The clinical significance of hamstring tightness extends well beyond restricted lower limb motion. Originating from the ischial tuberosities, tight hamstrings exert a posteriorly directed traction force on the pelvis, suppressing anterior pelvic tilt and attenuating lumbar lordosis.4 Altered lumbopelvic positioning modifies load distribution across intervertebral discs and the posterior spinal elements, raising mechanical stress in structures poorly equipped for prolonged compressive and shear forces.5 Consistent with these biomechanical effects, epidemiological investigations associate restricted hamstring extensibility with elevated rates of low back pain (LBP), patellofemoral pain syndrome, and plantar fasciitis.3,6 LBP itself carries a lifetime prevalence of roughly 84% in the general adult population, with younger sedentary groups showing increasing incidence in recent decades.7
Paradoxically, hamstring flexibility is seldom assessed as part of formal student health evaluations, despite the frequency of tightness in this population. The existing body of research has tended to examine hamstring restriction either as a risk factor for discrete lower limb injuries or as an isolated biomechanical variable, rather than as a predictor of overall musculoskeletal health. An additional complexity is that biological sex influences hamstring extensibility, with females typically displaying greater flexibility than males an effect attributed partly to oestrogen-mediated differences in connective tissue compliance and muscle architecture.8,9 Ignoring this sex-based variation can distort risk estimates if sex is not properly accounted for in analyses.
Two clinical tools have accrued substantial validity evidence for measuring hamstring extensibility. The Sit-and-Reach Test (SRT) and the Active Knee Extension (AKE) test are each well-studied and practical enough for screening in non-laboratory settings.10,11 The SRT yields high test-retest reliability (ICC = 0.92–0.99) and shows moderate criterion validity against direct hamstring length measurements (r = 0.46–0.67).12 The AKE test controls pelvic position during assessment, thereby isolating hamstring extensibility more precisely; it achieves excellent inter-rater and test-retest reliability (ICC = 0.92–0.95).13
The primary objective of this study was to evaluate hamstring flexibility as an independent predictor of musculoskeletal wellbeing in a university student sample. Additional objectives included estimating the prevalence of hamstring tightness, characterising sex-based differences in flexibility scores, and quantifying associations between hamstring flexibility, sitting behaviour and musculoskeletal pain outcomes.
Methods
Study Design: A cross-sectional observational study was employed to examine associations between hamstring flexibility and musculoskeletal wellbeing outcomes in an undergraduate student population. This design was selected as it permits simultaneous measurement of exposure and outcome variables across a defined population at a single point in time, making it appropriate for prevalence estimation and predictor identification. 
Study Setting: The study was conducted at a university-affiliated college in South India. The institution enrols students across multiple undergraduate faculties providing a sufficiently heterogeneous population for stratified recruitment. Assessment procedures were carried out in a designated physiotherapy laboratory within the institution to ensure standardised environmental conditions.
Study Duration: Data collection was conducted over a nine month period from April 2025 to December 2025. This timeframe was selected to capture the full academic year, thereby minimising seasonal or semester-specific biases in physical activity levels, sitting behaviour and musculoskeletal complaints.
Sample Size: Sample size was estimated a priori using G*Power software version 3.1 (University of Dusseldorf, Germany). Based on the published effect size estimates for multiple linear regression in similar populations, a medium effect size (f2 = 0.15) was anticipated. With a significance threshold of α = 0.05, and statistical power set at 0.80, the minimum required sample size was 192 participants. To compensate for an anticipated attrition or ineligibility rate of approximately 10%, 220 students were invited for screening. Of these 210 met all eligibility criteria, completed all assessment procedures and provided complete data sets for inclusion in the final analysis.
Sampling Method: Participants were recruited using stratified random sampling across undergraduate faculties. Each faculty was treated as a sampling stratum (Physiotherapy, Nursing, and Allied Health Sciences) and participants were randomly selected from faculty enrolment lists in proportion to the relative size of each department within the institution. This approach ensured equitable representation across academic disciplines and minimised the risk of subject selection bias. Recruitment was conducted through direct classroom announcement.
Inclusion Criteria: Students were eligible for participation if they met all of the following criteria: (i) age between 18 and 25 years at the time of enrolment; (ii) currently registered as a full-time undergraduate student at the participating institutions; and (iii) absence of any lower limb or lumbar spine surgery, acute musculoskeletal injury within the three months preceding enrolment, or confirmed neurological disorder affecting lower extremity function or sensation.
Exclusion criteria: Participants were excluded if they had a Body Mass Index (BMI) ≥ 30 kg/m2 or greater, as adipose tissue distribution can independently influence sitting posture and SRT performance. Additional exclusion criteria were a confirmed diagnosis of joint hypermobility syndrome (Beighton score ≥ 6/9), which could artificially inflate flexibility measurements, and the inability to perform standardised assessment manoeuvres for any reason.
Data Collection Tool: Hamstring flexibility was measured using two validated clinical instruments. For Sit-and-Reach Test (SRT), participants removed their footwear, and sat with both legs fully extended against the footplate of a calibrated sit-and-reach box (Baseline® model, USA). With fingertips overlapping and knees maintained in full extension, participants reached forward as far as possible and held the end position for two seconds. Three consecutive trials were performed, with the best result recorded in centimetres; negative values denoted failure to reach the footplate level. Sex-specific normative reference values from published physical activity guidelines were applied (≥ 5 cm for males, and ≥ 8 cm for females; ages 20-29 years) for classification purposes.14
For the Active Knee Extension (AKE) test, participants were positioned supine on an assessment plinth. The test limb was brought to 90o of hip flexion, verified with a goniometer, and stabilises against the plinth surface. Participants were instructed to extend the knee as fully as possible under active effort while maintaining the specific hip angle. The resulting knee flexion angle from full extension (0o) was measured with a standard long-arm goniometer. An AKE angle exceeding 20o was classified as indicative hamstring tightness.3,15 Both limbs were assessed in all participants, and the mean bilateral AKE angle was computed for statistical analysis.
Based on combined SRT and AKE findings, participants were classified into three flexibility categories; Normal flexibility (SRT at or above normative cutoff AND bilateral AKE ≤20o; n = 84), Mild hamstring tightness (SRT below normative cutoff OR bilateral AKE 21-35o; n = 74) and Severe hamstring tightness (SRT markedly below cutoff AND bilateral AKE >35o; n = 52).
Musculoskeletal wellbeing was assessed across four domains. Current low back pain (LBP) and neck/shoulder pain were self-reported using the 11-point Numeric Pain Rating Scale (NPRS; 0 = no pain, 10 = worst imaginable pain), which demonstrates excellent test-retest reliability (ICC = 0.96).16 Functional disability was quantified using the Roland-Morris Disability Questionnaire (RMDQ; 0-24 points), a well-validated measure of LBP-related activity limitation. Postural alignment was assessed via lateral digital photography: participants stood in their customary posture and a standardised photograph was taken at a fixed camera distance; horizontal displacement of the tragus of the ear from the C7 spinous process was measured in millimetres using Kinovea motion analysis software as an index of forward head posture (FHP). Sleep quality was evaluated using the Pittsburgh Sleep Quality Index (PSQI; 0-21 points; scores >5 indicate poor sleep), reflecting the established association between  musculoskeletal pain and sleep disturbances.17 A composite Musculoskeletal Wellbeing Score (MWS) was derived by summing z-standardised values of LBP, NPRS, RMDQ score and FHP displacement, with PSQI included as a wellbeing covariate. Higher MWS indicated worse overall musculoskeletal wellbeing.
Validation of Instruments: All instruments employed in this study carry established psychometric properties in comparable populations. The NPRS demonstrates as ICC of 0.96 for test-retest reliability in musculoskeletal pain contexts.16 The RMDQ is a validated functional disability measure with documented responsiveness to clinically meaningful change. The PSQI is widely validated for sleep quality research across clinical populations.17 The SRT and AKE test each carry robust reliability evidence (ICC 0.92-0.99 and 0.92-0.95, respectively),12,13 the sitting time questionnaire used has demonstrated acceptable validity against objective measurement in adults,18 and physical activity classification was based on the IPAQ-SF, which has established international reliability and validity.19
Study Variables: The primary independent variables were hamstring flexibility quantified by SRT score (continuous, cm) and bilateral mean AKE angle (continuous, degrees), along with flexibility category (Normal/ Mild Tightness/ Severe Tightness). The primary dependent variable was the composite MWS. Secondary dependent variables included individual NPRS scores for LBP and neck/shoulder pain, RMDQ score, FHP displacement and PSQI score. Covariates included age, sex, BMI, daily sitting time and physical activity classification (active vs. sedentary, based on the WHO 150 min/week moderate-intensity threshold).
Data Collection Procedure: Participant recruitment, screening and data collection were performed by trained research assistant who underwent a standardised calibration session prior to data collection assessment. All physical assessments were conducted in the physiotherapy laboratory between 9.30 am and 4.30 pm to minimise diurnal variation in flexibility measurements. Anthropometric measurements height using a stadiometer, weight using a calibrated digital scale, BMI computed as weight (kg) / height (m2) were obtained before flexibility assessments.
Questionnaires were administered in paper format and completed privately to reduce social desirability bias. Flexibility assessments were performed after a standardised five-minute low intensity warm-up on a stationary cycle. Participants were blinded to their flexibility classification until completion of all outcome assessments.
Ethical Consideration: The study protocol received prospective ethical approval from the Research Ethics Committee of Indira Gandhi Technological and Medical Sciences University, Ziro (Ref. No: IGTAMSU/VC/2025/052), and was prospectively registered with the Clinical Trials Registry-India (CTRI/2025/05/0864311). All procedures were carried out in compliance with the ethical standards of the Declaration of Helsinki. Prior to enrolment, each participant received a written participant information sheet and provided written informed consent. Participation was entirely voluntary, with assurance that declining or withdrawing at any stage would carry no academic consequences. All data were de-identified at the point of entry and stored securely.
Statistical Analysis: Analyses were performed using IBM SPSS Statistics version 26 (IBM Corp., Armonk, New York, USA). Continuous data are presented as mean ± standard deviation (SD) and categorical data as frequencies with percentages. Normality of continuous variables were confirmed using the Kolmogorov-Smirnov test (p >0.05 for all primary outcomes). Independent t tests were used for between-sex comparisons. One-way analysis of variance (ANOVA) with post-hoc Tukey’s Honest Significant Difference (HSD) test was used to compare outcome measures across the three flexibility categories. Pearson’s correlation coefficient was used to examine bivariate associations between continuous flexibility scores and outcome variables. Multiple linear regression was performed with composite MWS as the dependent variable and SRT score, AKE angle, daily sitting time, sex, BMI and physical activity level as independent predictors. Statistical significance was set α = 0.05 (two-tailed). Effect sizes were reported as Cohen’s d for t-tests and η2 (eta-squared) for ANOVA.
Results
Participant Characteristics: A total of 210 students (105 males, 105 females) with a mean age of 20.8 ± 1.7 years were included in the final analysis. Table 1 presents demographic and anthropometric characteristics. No significant differences were observed in age or daily sitting time between males and females. Males had significantly greater height, weight and BMI (p <0.001 for height and weight; p = 0.002 for BMI). Physical activity distribution did not differ significantly by sex (p = 0.067), with 57.6% of all participants classified as sedentary.
	Characteristics
	All (n=210)
	Males (n=105)
	Female (n=105)
	p-value

	Age (years), Mean ± SD
	20.8 ± 1.7
	21.0 ± 1.8
	20.6 ± 1.6
	0.098

	Height (cm), Mean ± SD
	168.4 ± 9.1
	174.2 ± 7.6
	162.6 ± 7.3
	<0.001*

	Weight (kg), Mean ± SD
	65.3 ± 12.4
	72.1 ± 11.8
	58.5 ± 10.2
	<0.001*

	BMI (kg/m2), Mean ± SD
	22.9 ± 3.6
	23.6 ± 3.8
	22.1 ± 3.3
	0.002*

	Daily sitting time (Hrs), Mean ± SD
	7.6 ± 2.1
	7.4 ± 2.3
	7.8 ± 1.9
	0.184

	Physical activity: Active, n (%)
	89 (42.4%)
	51 (48.6%)
	38 (36.2%)
	0.067

	Physical Activity: Sedentary, n (%)
	121 (57.6%)
	54 (51.4%)
	67 (63.8%)
	0.067

	*Statistically significant at P <0.05


Table 1: Demographic and anthropometric characteristics of participants
Hamstring Flexibility: Hamstring flexibility outcomes are summarised in Table 2. Hamstring tightness (AKE >20o or SRT below normative cutoff) was identified in 126 participants (60%). A large and statistically significant sex difference was observed in SRT scores, with females scoring markedly higher (8.0 ± 7.2 cm vs. -1.2 ± 8.1 cm; p <0.001; d = 1.14). males demonstrated significantly higher AKE angles bilaterally (right: 32.6o  vs. 24.0o; left: 32.1o vs. 23.5o; both p <0.001) indicating greater hamstring tightness. No significant between-sex difference in overall tightness prevalence was observed (p = 0.162).
	Measure
	All (n=210)
	Males (n=105)
	Females (n=105)
	MD (95% CI)
	d
	p-value

	SRT score (mm)
	3.4 ± 8.6
	-1.2 ± 8.1
	8.0 ± 7.2
	9.2 (7.0 – 11.4)
	1.14
	<0.001*

	AKE-Right (o)
	28.3 ± 11.4
	32.6 ± 10.8
	24.0 ± 10.9
	8.6 (5.8 – 11.4)
	0.79
	<0.001*

	AKE-Left (o)
	27.8 ± 11.1
	32.1 ± 10.4
	23.5 ± 10.6
	8.6 (5.9 – 11.3)
	0.81
	<0.001*

	Hamstring tightness, n (%)
	126 (60%)
	58 (55.2%)
	68 (64.8%)
	-
	-
	0.162

	MD – Mean Difference, d – Cohen’s d effect size, *Statistically significant at p <0.05


Table 2: Hamstring flexibility measures by sex
Musculoskeletal Outcomes by Flexibility Category: Table 3 represents musculoskeletal outcomes stratified by flexibility category. Significant monotonic dose-response relationships were observed across all outcome measures, with participants in the ‘Severely Tight’ category consistently demonstrating the greatest musculoskeletal burden. LBP NPRS scores increased from 2.1 ± 1.8 (Normal) to 3.9 ± 2.1 (Mild) to 5.6 ± 2.4 (Severe) (p <0.001; η2 = 0.21). Similar gradients were observed for neck/shoulder pain (p = 0.003), forward head posture (p <0.001). Post-hoc Tukey HSD tests confirmed significant pairwise differences between all three categories for LBP and RMDQ score (all p <0.05). Pearson’s correlation analysis revealed significant negative associations between SRT score and LBP NPRS (r = -0.48; p <0.001), RMDQ (r = -0.52; p <0.001), FHP displacement (r = -0.41; p <0.001) and PSQI score (r = -0.29; p <0.001). Positive correlations were observed between AKE angle and all adverse outcomes (LBP: r = 0.44; RMDQ: r = 0.49; FHP: r = 0.37; all p <0.001).
	Musculoskeletal Outcomes
	Normal Flexibility (n=84)
	Mildly Tightness (n=74)
	Severely Tightness (n=52)
	p-value

	LBP NPRS score (0-10)
	2.1 ± 1.8
	3.9 ± 2.1
	5.6 ± 2.4
	<0.001*

	Neck/shoulder pain NPRS 
(0-10)
	2.4 ± 1.9
	3.2 ± 2.0
	4.1 ± 2.3
	0.003*

	Postural deviation 
(FHP, mm)
	21.4 ± 8.2
	28.6 ± 9.4
	35.8 ± 11.3
	<0.001*

	Lumbar lordosis angle (o)
	44.1 ± 6.8
	38.6 ± 7.2
	33.2 ± 8.0
	<0.001*

	PSQI score
	6.2 ± 2.4
	7.1 ± 2.8
	8.6 ± 3.0
	0.002*

	Functional disability (RMDQ)
	3.1 ± 3.0
	6.4 ± 3.6
	10.2 ± 4.4
	<0.001*

	*Statistically significant at p <0.05 (one-way ANOVA)


Table 3: Musculoskeletal outcomes stratified by hamstring flexibility category
Predictors of Musculoskeletal Wellbeing (Regression Analysis): Table 4 presents the results of the multiple linear regression model predicting composite Musculoskeletal Wellbeing Score (MWS: R2 = 0.42; F (6, 203) = 24.7; p <0.001). SRT score was the strongest predictor (β = -0.36; p <0.001), indicating that greater hamstring flexibility was independently associated with better musculoskeletal wellbeing. AKE angle (β = 0.28; p <0.001) and daily sitting time (β = 0.18; p <0.001) were also significant predictors. Physical activity level (β = -0.12; p = 0.010) and sex (β = -0.10; p = 0.031) contributed significantly, where BMI did not reach statistical significance (β = 0.09; p = 0.069) after controlling for other variables.
	Predictor
	B
	SE
	β
	t
	p

	MWS (Intercept)
	12.48
	1.43
	-
	8.73
	<0.001*

	SRT score (cm)
	-0.14
	0.03
	-0.36
	-5.12
	<0.001*

	AKE angle (o)
	0.08
	0.02
	0.28
	3.96
	<0.001*

	Daily sitting time (Hrs)
	0.44
	0.12
	0.18
	3.67
	<0.001*

	Sex (Female =1)
	-0.82
	0.38
	-0.10
	-2.16
	0.031*

	BMI (kg/m2)
	0.11
	0.06
	0.09
	1.83
	0.069

	Physical activity level
	-0.96
	0.37
	-0.12
	-2.59
	0.010*

	B – unstandardized coefficient, SE – Standard Error, β – Standardised Coefficient. Model: R2 = 0.42; F (6, 203) = 24.7; *Statistically significant at P <0.05


Table 4: Multiple linear regression: predictors of composite MWS
Discussion
This cross-sectional investigation examined hamstring flexibility as a predictor of musculoskeletal wellbeing in university students and found that flexibility measures, sedentary behaviour and physical activity collectively accounted for 42% of the variance in composite wellbeing score. Each key finding is addressed below, with reference to corroborating and contrasting evidence in the recent literature.
The 60.0% prevalence of hamstring tightness in this cohort sits at the upper end of the 40-68% range reported in comparable university populations.3 A 2024 systematic review and network meta-analysis of physical therapy interventions for hamstring tightness in students reported baseline tightness rates broadly consistent with this estimate, suggesting the finding is not atypical for South Asian academic settings.2 Somewhat lower prevalence figures (around 48–52%) have been described in European student samples, which may reflect differences in chair design, commuting habits, study culture, or variation in the diagnostic threshold applied. The use of a dual-test classification system in the present study may have contributed to the relatively high prevalence by capturing students who were tight on one instrument but not the other.
The sex difference in SRT scores, with females outperforming males by approximately 9.2 cm (d = 1.14), is one of the most consistent findings in the hamstring flexibility literature and was fully replicated here. Allam and colleagues documented equivalent female superiority in trunk flexibility and SRT performance in healthy young adults, attributing this to oestrogen-mediated effects on connective tissue compliance and sex-specific differences in muscle fibre type distribution.8 The parallel finding that males showed greater AKE angles bilaterally, indicating more contractile hamstring restriction, reflects that the AKE test captures a different dimension of extensibility than the SRT specifically the myofascial component rather than composite posterior chain flexibility. Despite this flexibility gap, sex contributed only modestly to overall MSK wellbeing (β = −0.10) after controlling for flexibility and behaviour, a finding consistent with Shaikh et al., who reported that sex did not moderate treatment responses to hamstring interventions in young adults.9 This reinforces the importance of screening both male and female students.
The graded relationship between tightness category and LBP NPRS scores (2.1 → 3.9 → 5.6; η2 = 0.21) represents one of the stronger effect sizes observed in this dataset and is mechanistically well-grounded. Shortened hamstrings generate posterior pelvic traction that reduces lumbar lordosis and redistributes mechanical load to passive spinal structures.4 The progressive reduction in lumbar lordosis angle across flexibility categories (44.1° → 38.6° → 33.2°) within the same sample provides direct postural corroboration of this mechanism. Plandowska et al. demonstrated in a randomised controlled trial that active hamstring stretching combined with core stabilisation significantly reduced LBP in students engaged in prolonged sitting, lending interventional support to the cross-sectional associations identified here.7 By contrast, some studies in non-student occupational cohorts have reported weak or null correlations between hamstring length and LBP, a discrepancy that may reflect differences in postural loading patterns specific to academic versus occupational sitting, or differences in LBP chronicity between samples.5
The extension of the flexibility-pain gradient to neck and shoulder pain (NPRS: 2.4 → 4.1; p = 0.003) is clinically important and mechanistically coherent within the kinematic chain model. As hamstring tightness flattens lumbar lordosis, compensatory thoracic kyphosis develops, displacing the head anteriorly to maintain a horizontal visual axis.1,15 The progressive increase in FHP displacement across flexibility categories (21.4 mm → 28.6 mm → 35.8 mm) quantifies this cascade within the present sample. Guzmán-Muñoz et al. documented altered proximal muscle activation patterns in young adults with hamstring tightness, consistent with kinematic compensation at the thoracic and cervical levels.3 Clinically, this implies that stretching programmes targeting hamstring extensibility may carry secondary benefits for cervicothoracic complaints a finding of practical value given the high prevalence of neck pain among university students.
Functional disability scores on the RMDQ rose from 3.1 (normal flexibility) to 10.2 (severe tightness; p < 0.001). An RMDQ score ≥ 7 is widely recognised as a threshold for moderate functional impairment, meaning a substantial proportion of severely tight students were experiencing clinically meaningful activity limitation. The SRT-RMDQ correlation (r = −0.52) was the strongest bivariate association in the dataset, and SRT was the dominant regression predictor (β = −0.36), outperforming AKE (β = 0.28). This differential likely reflects the SRT's additional lumbar and thoracic flexion component, which captures cumulative posterior chain restriction relevant to functional activities.12,13 Liu et al. similarly concluded that multiple hamstring tests provide better clinical characterisation than any single assessment, and that each test captures overlapping but distinct aspects of extensibility.13
Sleep quality worsened progressively across flexibility categories (PSQI: 6.2 → 7.1 → 8.6; p = 0.002), and all three groups exceeded the PSQI clinical cut-off of 5, indicating that poor sleep is prevalent irrespective of flexibility status in this student sample. The SRT-PSQI correlation (r = −0.29) was the weakest of the observed associations, consistent with sleep disturbance being an indirect consequence of musculoskeletal pain rather than a direct effect of hamstring length. The pain-sleep interaction is well-documented musculoskeletal pain disrupts sleep onset and sleep continuity, reducing sleep quality but to our knowledge no prior study has specifically examined this relationship stratified by hamstring flexibility category in students, precluding direct comparison.17
Daily sitting time (β = 0.18) and physical activity level (β = −0.12) contributed independently to MWS after controlling for flexibility. The sitting time finding reflects the self-reinforcing cycle of academic sedentary behaviour: prolonged sitting promotes hamstring shortening, which worsens MSK outcomes, independently of the measured flexibility at any given time point. Garn and Simonton found that students with stronger physical activity motivation accumulated less daily sitting time, suggesting that behavioural interventions targeting activity attitudes may help break this cycle.1 The independent effect of meeting WHO activity recommendations confirms that regular movement reduces MSK burden through pathways beyond flexibility alone, including neuromuscular conditioning and psychological stress relief. A recent randomised trial of active stretching and core stabilisation in young people demonstrated reductions in both LBP and musculoskeletal discomfort during prolonged sitting,7 providing direct interventional support for the modifiable predictors identified in the present regression model.
The non-significant contribution of BMI (β = 0.09; p = 0.069) after controlling for other variables is a practically informative null finding. While elevated BMI is associated with greater LBP risk in general population studies, this effect may be attenuated in younger student samples with BMI constrained below 30 kg/m2, where variance in BMI is limited relative to the flexibility and behavioural predictors. From a screening perspective, these results suggest that BMI-based risk stratification alone is insufficient in this age group and that flexibility and sitting behaviour should be the primary targets of assessment.
From a clinical measurement standpoint, both the SRT and AKE test are recommended for complementary use in university screening programmes. The SRT is faster to administer in groups and requires minimal equipment, making it suitable for first-line institutional screening. The AKE test provides greater specificity for hamstring isolation and adds incremental information when SRT scores fall near the normative boundary. A combined approach — SRT for population-level screening, AKE for confirmatory assessment in borderline cases — represents a pragmatic and evidence-based strategy. Prior systematic reviews have confirmed that multiple physical therapy interventions including static stretching, neurodynamic mobilisation and dry needling are effective at improving hamstring flexibility in university students,2 and hamstring flexibility and strength training have been shown to beneficially alter musculotendinous biomechanics in young adults.20
Limitations: Several methodological constraints should be considered when interpreting these findings. The cross-sectional design captures associations at a single time point, making it impossible to establish temporal precedence or causal directionality; while the biomechanical pathways are well-characterised, the data do not confirm whether tightness precedes MSK complaints or whether pain-related activity restriction leads to secondary hamstring shortening. The study was conducted at a single institution in South India, which may limit the generalisability of prevalence estimates and regression coefficients to student populations in other geographical, cultural or ergonomic contexts. Pain intensity and daily sitting time were captured via self-report instruments and are therefore subject to recall bias. The composite MWS, while clinically meaningful in conceptual terms, is a derived variable constructed for this study and has not been independently validated as a standalone outcome measure. Psychological variables including academic stress, anxiety and depression were not assessed, despite strong evidence that they amplify pain perception in students. Future longitudinal research should incorporate objective sitting time measures such as triaxial accelerometry, validated psychological assessments, and extended follow-up periods to establish causality and track the natural history of hamstring tightness across the university years.
Conclusions
Hamstring tightness was detected in 60% of undergraduate students in this study, confirming a substantial musculoskeletal health burden in this population. Using both the SRT and AKE test which demonstrated complementary validity for screening hamstring flexibility emerged as a significant and independent predictor of musculoskeletal wellbeing across all measured outcomes, with the regression model explaining 42% of variance in the composite wellbeing score. The SRT was the stronger individual predictor, consistent with its capacity to capture cumulative posterior chain restriction. Daily sitting time and physical inactivity contributed independently to poorer outcomes, identifying modifiable behavioural targets beyond flexibility training. Together, these findings support the integration of routine hamstring flexibility screening using both the SRT and AKE test into first-year university health appraisals, alongside evidence-based stretching programmes and institutional movement promotion initiatives aimed at reducing musculoskeletal morbidity during the university years.
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