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Abstract

Introduction: Flexibility is an essential component of physical fitness, particularly relevant dur-
ing adolescence, a period during which lifestyle habits are consolidated and may influence long-
term musculoskeletal health and physical performance.

Objective: The aim of this study was to examine the effects of two passive stretching programs
of different durations on hamstring flexibility in secondary education students, while ensuring
equivalence in the total stretching volume.

Methodology: A quasi-experimental design was used with three groups: one performing pas-
sive stretching with 60-second sets, another with 20-second sets, and a control group. The in-
tervention lasted 10 weeks and was carried out during regular Physical Education sessions.
Flexibility was assessed using the Wells and Dillon sit-and-reach test.

Results: Significant improvements in hamstring flexibility were observed in both intervention
groups compared with the control group. Although the 60-second protocol showed a tendency
to produce greater gains, the differences between the experimental groups did not reach statis-
tical significance.

Discussion: These findings align with previous evidence highlighting total stretching volume as
the key determinant of flexibility improvements, regardless of the duration of each individual
set. They also support the feasibility of implementing passive stretching programs in educa-
tional contexts as effective and time-efficient strategies.

Conclusions: Passive stretching programs can be considered a practical and beneficial tool for
improving hamstring flexibility in adolescents, and their inclusion in Physical Education lessons
contributes to the promotion of health and physical development.
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Resumen

Introduccidn: La flexibilidad es un componente fundamental de la condicién fisica, especial-
mente relevante durante la adolescencia, etapa en la que se consolidan habitos de vida que pue-
den influir en la salud musculoesquelética y en el rendimiento fisico a largo plazo.

Objetivo: El objetivo de este estudio fue examinar los efectos de dos programas de estiramiento
pasivo de diferente duracién sobre la flexibilidad de la musculatura isquiosural en estudiantes
de Educacién Secundaria, garantizando la equivalencia en el volumen total de estiramiento.
Metodologia: Se emple6 un disefio cuasi-experimental con tres grupos: uno realiz6 estiramien-
tos pasivos con series de 60 segundos, otro con series de 20 segundos y un grupo control. La
intervencion tuvo una duraciéon de 10 semanas y se aplicé durante las clases de Educacién Fi-
sica. La flexibilidad se evalué mediante el test de Wells y Dillon.

Resultados: Se observaron mejoras significativas en la flexibilidad de la musculatura isquiosu-
ral en ambos grupos de intervencion en comparacién con el grupo control. Aunque el protocolo
de 60 segundos tendid a producir mayores ganancias, las diferencias entre los grupos experi-
mentales no alcanzaron significacién estadistica.

Discusion: Estos hallazgos coinciden con evidencias previas que sefialan el volumen total de
estiramiento como el factor determinante en la mejora de la flexibilidad, independientemente
de la duracién de cada serie. Asimismo, respaldan la viabilidad de implementar programas de
estiramiento pasivo en contextos escolares como estrategias eficaces y eficientes en términos
de tiempo.

Conclusiones: Los programas de estiramiento pasivo pueden considerarse una herramienta
practica y beneficiosa para mejorar la flexibilidad de la musculatura isquiosural en adolescen-
tes, y su inclusién en las clases de Educacion Fisica contribuye a la promocidon de la salud y al
desarrollo fisico del alumnado.
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Introduction
___________________________________________________________________________________________________________________________|
Flexibility is a fundamental component of physical fitness and overall health, particularly during adoles-
cence, a critical period for establishing and consolidating lifelong physical activity habits (Alacid & So-
riano-Férriz, 2018; Palanao et al., 2025). Contemporary lifestyles, characterized by sedentary behavior,
lead to increased muscle stiffness and decreased range of motion, thereby compromising the efficient
execution of daily movements (Da Costa et al.,, 2022; Kett et al., 2021; Lopez-Mifiarro et al., 2012).

Among the muscle groups affected, the hamstrings are especially relevant due to their role in hip and
knee mobility, postural maintenance, and biomechanical efficiency. Several studies have shown that re-
duced hamstring extensibility compromises movement efficiency and increases fatigue, which is asso-
ciated with a higher risk of muscle injuries, postural deviations, and functional limitations that may ex-
tend into adulthood (Becerra-Fernandez et al., 2020; Pérez Vigo et al,, 2022).

Since adolescence is a key period for establishing lasting habits, interventions aimed at improving flex-
ibility may provide long-term benefits, not only in terms of physical performance but also in preventing
chronic diseases associated with a sedentary lifestyle, such as obesity, cardiovascular diseases, and type
2 diabetes (Araujo et al., 2024; Behm et al., 2016). Adolescents who regularly engage in stretching rou-
tines are more likely to maintain flexibility into adulthood, thereby reducing the risk of injuries, improv-
ing mobility, and enhancing quality of life (Becerra-Fernandez et al., 2020; Pérez Vigo, 2022). These
considerations highlight the importance of incorporating appropriate guidance and supervision to max-
imize safety and effectiveness.

School-based physical education programs provide an ideal context for addressing hamstring flexibility
deficits. Among the different approaches, passive stretching interventions have proven to be particu-
larly effective in improving extensibility when adapted to the individual needs of students, the duration
of each stretch, and the total volume of stretching within a session (Becerra-Fernandez et al., 2020;
Mayorga-Vega et al., 2015; van Rensburg & Coetzee, 2014).

Furthermore, integrating passive stretching into physical education curricula also addresses the practi-
cal constraints of schools. Short and efficient protocols, in which total stretching volume is prioritized
over the duration of individual stretches, allow teachers to implement effective interventions within
regular class periods while maintaining student participation and adherence. Research indicates that
when total stretching volume is equal, both longer and shorter repetitions produce comparable im-
provements in flexibility. This highlights the potential of designing flexible programs that can be adapted
to different educational contexts and schedules (Becerra-Fernandez et al., 2020; van Rensburg & Coet-
zee, 2014).

Based on this evidence, the present study aimed to analyze the influence of two passive stretching pro-
tocols, EP-60 and EP-20, on hamstring extensibility in secondary school students. Specifically, it seeks
to determine how these programs affect flexibility adaptations when the total stretching volume is con-
stant, providing practical insights for the design of time-efficient, evidence-based interventions in phys-
ical education.

It is hypothesized that passive stretching will produce positive effects on hamstring extensibility and
that the improvements will be similar when the total stretching volume is the same (three minutes),
regardless of whether individual repetitions are performed for one minute or twenty seconds. In this
way, the study supports the integration of structured flexibility routines into school curricula and rein-
forces the importance of promoting physical activity habits during adolescence and beyond, thereby
improving musculoskeletal health, functional mobility, and injury prevention across the lifespan.

Method
'

Participants

One hundred and eighty students aged between 15 and 18 years old were invited to participate in this
study. They were recruited from Antonio Machado Institute of Secondary Education (Alcala de Henares,
Spain). Inclusion criteria were: a) being a student aged 15-18 years, b) not having any conditions that

could alter the results or be worsened by the stretching program. Exclusion criteria were: a) absenc
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from the evaluation test. A minimum of 90% of attendance was required. Sixteen students did not meet
the inclusion criteria, and the legal guardians of 22 students refused to sign the consent form. Therefore
159 students were enrolled in the study and randomly distributed into EP-60, EP-20, and CG. All the
participants signed a consent form before starting the trial, or, in the case of minors, their legal guardi-
ans.

Procedure
Design

This study was based on a quasi-experimental design with randomized group assignment. Students
from the third and fourth-year Secondary Education were randomly allocated to one of three groups: a
60-second passive stretching program (EP-60, n=53), a 20-second passive stretching program (EP-20,
n=53) and a control group (CG; n = 53). Both exercise programs were implemented over a 10-week
period. The trial was managed by the Antonio Machado Secondary School (Alcald de Henares, Spain)
and was approved by the University of Almeria Ethics Committee. The trial design followed CONSORT
guidelines.

Randomization was performed by cluster (class group). Each class was assigned an identification num-
ber to allocate them to the respective groups. Three groups were formed: the EP-60 group, which carried
out the 60-second passive stretching program; the EP-20 group, which carried out the 20-second pas-
sive stretching program; and the control group (CG), which did not receive any treatment. Only those
responsible for the measurements and statistical analyses were blinded to group allocation due to the
difficulty of blinding the participants and teachers leading the programs.

Flexibility program

The experiment was conducted for 10 weeks, during which each experimental group performed stretch-
ing twice per week during the cool-down phase of the Physical Education sessions. The stretches were
led by the teacher of the respective group. Participants in the EP-60 group performed three sets of 60-
second passive static stretches, while the EP-20 group performed nine sets of 20-second passive static
stretches. Thus, the total volume was similar in both groups. Students were instructed to stretch until a
mild tension was felt, but avoiding pain. Furthermore, they were guided to gradually reach the posture
and, once attained, to hold it for the prescribed duration. Participants were also required to maintain
the natural physiological curvature of the spine during execution. To ensure the external validity of the
study, all groups were allowed to continue with their usual physical activity.

Wells and Dillon sit-and-reach test

Hamstring flexibility was assessed using the Wells and Dillon sit-and-reach test (Wells & Dillon, 1952;
Castro-Pifiero et al., 2009; Mayorga-Vega et al., 2014). For the administration of the test, a standardized
wooden box measuring 30 cm in height was used, with a millimeter ruler fixed on the top surface. The
reference value of “0 cm” was established at the level of the plantar surface of the feet, so that positive
scores indicated that the student reached beyond the toes, whereas negative scores indicated that the
toes were not reached. Each participant was assessed barefoot, seated on the floor with legs fully ex-
tended and the soles of the feet placed against the front panel of the box. From this position, and while
maintaining knee extension, the participant bent the trunk forward slowly and progressively, with arms
extended and hands overlapping, attempting to reach the greatest possible distance along the ruler. Two
trials were performed, and the highest score (in centimeters) was recorded for analysis. To ensure the
reliability of the data, a practical demonstration and one familiarization trial were provided the week
before the test. A member of the research team supervised all administrations to guarantee correct ex-
ecution and measurement validity.

Data analysis

Statistical analysis was performed using the statistical package Jamovi (Jamovi Project, 2025) for Mac.
After analyzing the normality of variables (Kolmogorov-Smirnov test), one-way ANOVA was used to an-
alyze the pretest measures. The post hoc test was evaluated for statistical significance (Bonferroni for
parametric and Mann-Whitney U test for nonparametric variables). Repeated measures analysis of var-
iance (ANCOVA) was adopted to investigate the interaction between groups and time. Baseline and gen-
der were included as a covariates. Student’s t-test for paired sample was used to evaluate variables
NI '
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within groups. The standardized mean differences (Cohen’s d -ES-) between pre- and post-testing and
between groups (EP-60, EP-20 and CG) were calculated with the 95% confidence intervals (Hopkins et
al,, 2009). Statistical significance was set at p<0.05.

Results
___________________________________________________________________________________________________________________________|
The primary outcome measures of this study were to determine the effect of two different passive
stretching programs (EP-60 and EP-20) on muscle extensibility in secondary school students, as well as
to compare changes in the Wells and Dillon test between the EP-60, EP-20 and control group.

A total of 159 participants were initially enrolled in the study and included in the analysis according to
the intention-to-treat principle. Of these, 146 participants completed the intervention and were in-
cluded in the final evaluation (EP-60: n = 52; EP-20: n = 47; CG: n = 47). Figure 1 illustrates the partici-
pant flow throughout the protocol. The period of recruitment was from March to April 2021. The trial
ended in June 2021. Baseline characteristics of the participants are shown in Table 1.

Figure 1. Flow diagram of the progress of the randomized trial

Enrollment
Assessed for eligibility (n=197)

Excluded (n=38)
- Not meeting inclusion criteria (n=16)
- Declined to participate (n=22)

Randomized (n=159)
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EP-60 Intervention (n=53) EP-20 Intervention (n=53) Control group (n=53)

Follow-Up

h 4

Lost to follow-up (n=1)
- Discontinued intervention (n=1)

Lost to follow-up (n=6)
- Discontinued intervention (n=2)
- Ilness (n=4)

Lost to follow-up (n=6)
- Discontinued intervention (n=>5)

- lingss. (n=1)

¥

Analysis

u

Completer sample (n=52)
ITT sample (n=53)

Completer sample (n=47)
ITT sample (n=53)

Completer sample (n=47)
ITT sample (n=53)

Source: Own elaboration

Table 1. Characteristics at baseline (n=159)

Variable n Mean * SD Min Max p
Age (years)
EP-60 53 16.24+1.07 15 18
EP-20 53 15.96+1.03 15 18 <.001"
CG 53 16.37+37 15 18
Weight (kg.)
EP-60 53 56.56+10.05 45.0 80.0
EP-20 53 61.59+10,07 45.0 88.6 0.534
CG 53 61.96+13.01 43.0 98.4
Height (cm)
EP-60 53 167.03+5.45 155 178
EP-20 53 167.35+8.21 147 186 <.001"
CG 53 165+9.2 151 186
BMI (Kg/m?)
EP-60 53 20.23%3.11 15.3 25.4
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EP-20 53 21.93+2.93 16.7 31.8 <.001"
CG 53 22.40+3.68 16.8 31.6
Sit-and-reach test (cm)
EP-60 53 17.6+7.64 3 33
EP-20 53 12.8+12.44 -19 32 <0.039*
CG 53 10.2+14.59 -15 50

*Significant differences, p<.05
Note: EP-60 - 60-second passive stretch program, EP-20 - 20-second passive stretch program, CG - Control Group, BMI - Body Mass Index

The results of the interactions between groups are shown in Table 2. After 10 weeks, both stretching
interventions (EP-60 and EP-20) produced significant improvements in the Wells and Dillon sit-and-
reach test. These gains were accompanied by small-to-moderate effect sizes, indicating meaningful
changes in muscle extensibility. In contrast, the control group showed a slight decrease in performance
over the same period.

Table 2. Intragroup differences in EP-60, EP-20, and CG

Variable PRE POST p 95% CI for MD Cohen'’s d
Average DT Average DT Lower Upper
EP-60 17.57 £7.64 20.15+7.86 <.001" -3.11 -2.06 0.33
EP-20 12.85+£12.44 16.83 £10.47 <.001" -5.05 -2.92 0.32
CG 10.17 £ 14.59 9.45 £15.45 0.021" 0.114 1.32 0.05

*Significant differences, p<.05
Nota: Nota: SD - Standard deviation, EP-60 - 60-second passive stretch program, EP-20 - 20-second passive stretch program, CG - Control
Group

The ANCOVA results (Table 3) confirmed significant group-by-time interactions, with both experimental
groups outperforming the control group. Post-hoc analyses revealed greater increases in flexibility in
EP-60 compared with CG and in EP-20 compared with CG, whereas the difference between EP-60 and
EP-20 was not statistically significant.

Table 3. ANCOVA interactions on EP-60, EP-20 and CG

Increment ANCOVA interactions (F, p, ESn?)
Group n Mean SD Training x Group Training x Baseline
F p ES n? F p ESn?
EP-60 53 20.15 7.86
EP-20 53 16.83 10.47 11.6 <.00112 0.13 43.5 <.00112 0.35
CG 53 9.45 15.45
*Significant differences, p<.05., ! denotes significant differences in EP-60 compared to CG, 2 denotes significant differences in EP-20 com-

pared to CG
Nota: SD - Standard deviation, EP-60 - 60-second passive stretch program, EP-20 - 20-second passive stretch program, CG - Control Group

Discussion
___________________________________________________________________________________________________________________________|
The primary finding of this study was that 10 weeks of passive stretching programs, whether performed
in 60-second sets (EP-60) or 20-second sets (EP-20), significantly improved hamstring flexibility among
secondary school students. Both protocols produced similar adaptations when total stretching volume
was equivalent, supporting the notion that accumulated stretching volume is a stronger determinant of
flexibility improvements than the duration of individual stretches (Konrad et al., 2024; Mayorga-Vega
et al,, 2015; Merino-Marban et al,, 2015). These results are consistent with previous school-based re-
search that demonstrated meaningful flexibility gains when programs were structured and applied sys-
tematically (Mayorga-Vega et al., 2015; Merino-Marban et al., 2025; Rodriguez et al., 2008).

Both experimental groups achieved greater improvements in the Wells and Dillon sit-and-reach test
compared with the control group, confirming the effectiveness of passive stretching during adolescence.
Although the EP-60 group showed slightly larger mean improvements, these differences were not sta-
tistically significant. This trend may be related to the neural and mechanical mechanisms described by
some researchers, who reported that longer stretches could enhance muscle extensibility through in-
creased stretch tolerance and altered neuromuscular activation patterns (Behm & Chaouachi, 2011;
Donti et al., 2022; Takeuchi et al,, 2023). Nevertheless, our results indicate that shorter sets can achieve

NI
128

St



2026 (Enero), Retos, 74, 124-132 ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index

comparable outcomes when total stretching volume is controlled, which is particularly relevant in edu-
cational contexts where time efficiency is essential.

On the other hand, baseline differences in age and body mass index across groups were statistically
controlled using ANCOVA. This adjustment minimized potential confounding effects, an essential meth-
odological consideration given that age and body composition influence both muscle extensibility and
responsiveness to stretching (Donti et al,, 2022; Minato et al., 2020). Future research should further
stratify participants to examine how developmental and anthropometric variables interact with flexi-
bility adaptations.

The present findings hold important implications for Physical Education and school-based exercise pro-
grams. Adolescence represents a sensitive period for musculoskeletal development, as rapid growth can
compromise hamstring flexibility, posture, and movement quality (Donti et al., 2022; Jozwiak et al,,
1997; Konrad et al., 2024). By demonstrating that both short- and long-duration passive stretching pro-
tocols are effective, this study supports the inclusion of time-efficient flexibility routines that can be
realistically implemented within standard class periods. Such interventions not only enhance flexibility
but may also reduce injury risk, improve postural control, and support the acquisition of motor skills
that foster lifelong physical activity participation.

Compared with previous studies, the current research adds methodological precision by equating total
stretching volume and directly comparing two duration protocols under the same conditions. While
previous investigations often differed in weekly frequency, total volume, or stretch intensity, the present
design helps to isolate the role of the set duration. This approach strengthens the external validity of the
findings for educational contexts, where time constraints and class organization are key factors in exer-
cise prescription.

From a physiological perspective, passive stretching induces structural and neural adaptations, includ-
ing increased sarcomere length, modifications in viscoelastic tissue properties, and enhanced stretch
tolerance (Donti et al., 2022; Takeuchi et al., 2023). These mechanisms likely explain the significant
gains observed in both intervention groups, regardless of stretch duration.

Interpretations of the results should also consider the measurement method. Although the Wells and
Dillon test is widely validated and practical for school use (Castro-Pifiero et al., 2009; Lopez-Mifiarro et
al,, 2009; Wells & Dillon, 1952), it assesses not only hamstring flexibility but also lumbar mobility. There-
fore, future studies should include complementary assessments, such as the straight-leg raise or passive
knee extension test, to isolate hamstring extensibility more precisely (Davis etal., 2008; Liu et al., 2022).

Finally, some limitations must be acknowledged. The quasi-experimental design and the impossibility
of participant blinding may have introduced potential bias. Furthermore, the 10-week intervention pe-
riod and session frequency may not capture the long-term adaptations achievable through prolonged
school-based programs. Future studies should employ fully randomized controlled designs, larger sam-
ples, and follow-up assessments to evaluate the persistence of flexibility gains (Mayorga-Vega et al,,
2014; Minato et al., 2020).

In conclusion, this study provides evidence that passive stretching effectively enhances hamstring flex-
ibility in adolescents. When total stretching volume is kept constant, set duration does not substantially
influence outcomes. These results support the implementation of time-efficient flexibility routines in
school settings, offering a practical and evidence-based strategy to promote musculoskeletal health and
functional mobility during adolescence.

Conclusions
___________________________________________________________________________________________________________________________|
After 10 weeks of intervention, both passive stretching programs, regardless of whether the sets lasted
60 seconds (EP-60) or 20 seconds (EP-20), produced significant improvements in hamstring flexibility
among secondary school students. These results indicate that the total stretching volume, rather than
the duration of individual sets, is the determining factor in flexibility gains, which supports the efficiency
of shorter protocols when time constraints are present in educational contexts. Although the EP-60
group tended to achieve slightly greater improvements, no significant differences were observed be-
tween protocols, reinforcing the importance of accumulated stretching volume. Furthermore, both
NSYVN e
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stretching approaches improved sit-and-reach performance compared with the control group, suggest-
ing their practical applicability for promoting musculoskeletal health, injury prevention, and postural
balance in adolescents. Taken together, these findings highlight the relevance of implementing passive
stretching programs in school-based Physical Education, providing educators with flexible and time-
efficient strategies to enhance students’ physical development and well-being.
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