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INTRODUCTION

CHANGES IN COUNTERMOVEMENT
JUMP BIOMECHANICS FOLLOWING
AN EIGHT-WEEK STATIC STRETCHING
PROGRAM IN ADOLESCENT MALE
BASKETBALL PLAYERS

Galina Rusimova, Ivan M. Ivanov
National Sports Academy “Vassil Levski”, Sofia, Bulgaria

ABSTRACT

This study aimed to investigate the effects of an eight-week static stretching
program consisting of four exercises on countermovement jump (CMJ) biome-
chanics in 21 adolescent male basketball players aged 11-14 years. The stretch-
ing protocol was performed after the final training session of the day, four times
per week for eight weeks. Two exercises were performed in a standing position
and two in a seated position. Each exercise was repeated 3 times and held for
30—40 seconds, depending on the athlete’s individual tolerance, with a 30-sec-
ond rest interval between repetitions.

CMJ performance was assessed using a Bertec force platform with a sampling
frequency of 1 kHz. Following the eight-week intervention, significant changes
were observed in several braking-phase variables, including average braking
force, average braking power, average braking velocity, braking impulse, peak
braking velocity, and countermovement depth. Propulsive duration, propulsive
impulse, vertical stiffness, and time to stabilization also changed significantly,
while relative peak power decreased. No significant changes were observed in
Jjump height, absolute peak power, or maximum rate of force development.

These findings suggest that the intervention was associated with changes in
countermovement strategy and selected braking- and propulsive-phase variables,
while maximal jump performance remained largely unchanged. The reduction in
time to stabilization may indicate a change in post-landing stabilization, however,
landing technique and neuromuscular control were not measured directly.

Keywords: Adolescent Athletes, Basketball, Countermovement Jump, Force
Platform, Static Stretching

al., 2001; Magnusson et al., 2000). Although

Stretching is commonly incorporated into
physical activity programs for athletes, elderly
populations, rehabilitation patients, and physi-
cally active individuals (Page, 2012). It can be
described as a process in which internal and/or
external forces are applied to enhance muscle
extensibility and increase joint range of mo-
tion (Weerapong et al., 2004). The physiolog-
ical effects of stretching are mediated through
mechanical and neuro-reflex mechanisms that
decrease passive resistance in the muscle—ten-
don unit, thereby contributing to improved
flexibility (Magnusson et al., 1996; McNair et

psychological benefits have been suggested,
particularly among athletic populations, em-
pirical evidence remains limited.

Among the various stretching methods,
static stretching is most frequently utilized
due to its ease of application. This technique
affects both the mechanical characteristics and
the neural regulation of the muscle—tendon
complex, leading to enhanced mobility and re-
duced tissue stiffness. During static stretching,
the generated forces are transferred to adja-
cent joints and tendon attachment sites. When
several muscles acting on the same joint are
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engaged simultaneously, intra-articular adap-
tations may be stimulated, thereby supporting
long-term structural changes.

The response of the muscle—tendon unit to
stretching interventions is influenced by mul-
tiple variables, such as the individual’s level
of adherence and consistency, the overall du-
ration and weekly frequency of the program,
the type and technique of stretching applied,
the length of each stretch and the number of
repetitions, the duration of holding phases and
rest intervals, as well as the timing between the
intervention and outcome assessment.

Research conducted by Magnusson and
colleagues (1995, 1996, 2000) indicates that
performing five repetitions of 90-second stat-
ic stretching can reduce passive stiffness, peak
torque, and stress relaxation. Other investiga-
tions suggest that the duration of the stretch
may be a more critical determinant of changes
in viscoelastic properties than the total number
of repetitions performed (Kubo et al., 2001).
When stretching is combined with additional
kinesiotherapeutic modalities, such as warm-
up activities, thermal interventions, or mas-
sage, the outcomes appear to vary considerably.

Evidence from Maeda et al. (2017) demon-
strates that two minutes of daily static stretch-
ing can significantly improve joint range of
motion while reducing muscle stiffness and ri-
gidity. Nevertheless, substantial inter-individ-
ual differences in responsiveness to stretching
have been consistently reported (Curry et al.,
2009; Dalrymple et al., 2010; Stoytchev et al.,
2021; Ranchev et al., 2019; Ranchev et al.,
2020). These findings highlight the necessity
of individualizing stretching protocols accord-
ing to personal characteristics, objectives, and
functional needs.

Vertical jump ability has been widely ex-
amined in sports science (Ivanov et al., 2024;
Gadev et al., 2020; Mackala et al., 2013). The
countermovement jump (CMJ), in particu-

lar, is considered a versatile assessment tool
for evaluating neuromuscular function, low-
er-limb power output, and coordination strat-
egies (Patton, 2025). The movement typically
begins from an upright stance, followed by a
self-selected flexion of the hips, knees, and an-
kles, and concludes with a rapid extension of
the lower extremities to achieve take-off and
landing. In adolescent basketball players, the
coordination between lower-limb mechanics
and upper-limb involvement is especially im-
portant for maximizing sport-specific perfor-
mance.

In both clinical and athletic contexts,
stretching exercises are primarily intended
to increase the functional length of the mus-
cle—tendon unit, enhance joint flexibility, and
lower the likelihood of soft tissue injuries
(Taylor et al., 1990; Ferber et al., 2002; Fre-
itas et al., 2018; Arntz et al., 2023; Knudson,
2006; Wang et al., 2022). Although numerous
stretching techniques have been compared in
the literature, findings regarding the long-term
effects of static stretching on muscle strength,
flexibility, joint range of motion, intra-articular
mechanics, upper-limb kinematic chain length,
and muscle power remain inconclusive and of-
ten contradictory (Arntz et al., 2023; Cipriani
etal., 2012; Middag & Harmer, 2002; Ranchev
et al., 2020; Raikova et al., 2023; Tkeda & Ry-
ushi, 2021; Islamoglu et al., 2016; Papia et al.,
2018; Bogdanis et al., 2019; Stafilidis & Tilp,
2015; Kokkonen et al., 2007; Sandberg et al.,
2012; Panidi et al., 2021; Nakamura et al.,
2021; Warneke et al., 2022).

A key biomechanical issue in kinesiother-
apy concerns whether consistent stretching
interventions can modify the mechanical be-
havior of the joint-ligament—-tendon—muscle
complex. While beneficial effects have been
documented, considerable variability across
measured outcomes persists, as summarized
in Table 1.
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Table 1. Summary of Studies on Static Stretching Effects.

Authors Participants

Static Stretching

Protocol Measured Variables

Results

Ikeda & 12 healthy Static stretching of knee Knee flexion range of mo- KFROM and RFD significantly im-
Ryushi, young men were extensors, 6 weeks, 3 tion (KFROM), leg exten- proved. Leg extension strength and
(2021)  assigned to a days per week. 30 s x 6 sion strength, rate of force jump performance did not improve
stretching group sets per day (180 s total), development (RFD), jump significantly. Muscle endurance sig-
and 13 to a con- 60 s rest between sets.  performance (squat jump,

trol group.

Islamog- 25 university
Iu etal., students.
2016.

Papiaet 19 female gym-
al., 2018. nasts.

Bogdanis 16 elite male
etal., gymnasts.
2019.

Stafilidis 8 men, 3 wom-
& Tilp, en.
2015.

countermovement  jump,
rebound index), muscle en-
durance.

Static stretching every  Flexibility, jump height,

other day in 4 groups  sprint speed, and agility.

with different durations:

12 x 10s, 6 % 20s, 4

30s, 3 % 40s; 5s rest

between repetitions.

Static stretching of one  CMJ height with one and
leg for 90 s, followed by two legs, hip, and knee
2 min rest. joint ROM.

Intermittent 90s stretch- CMJ height of stretched and

ing (3 x 30s with 30s control leg, before, immedi-

rest) vs. continuous 90s ately after, and up to 10 min

stretching of the quad- post-stretching. Hip and

riceps femoris. One leg knee ROM.

stretched, contralateral

leg control.

Static stretching of the  Passive movement (5°/s),

lower limb for 15 or maximum voluntary con-

60 s. traction (MVC), ultrasound
of VL tendon/aponeurosis,
CMJ, squat jump.

Kok- Stretching group Static stretching: 10- Flexibility, power (20 m

konenet (n=19: 8 men,

al., 2007. 11 women),
Control group
(n=19).

Sandberg 16 men.

etal.,

2012.

Panidi et 21 female vol-
al., 2021. leyball players.

Nakamu- 40 healthy

raetal, youngmen

2021. were randomly
allocated to 3
groups: high-in-
tensity SS inter-

vention (n = 14),

low intensity-SS
intervention
group (n = 13),
and non-inter-
vention control
group (n = 13).

week protocol, 3 sets/  sprint, standing long jump,
week, 15s per stretch.  vertical jump), strength

The control group (knee flexion/extension
performed no regular ~ IRM), endurance (reps at
exercise. 60% 1RM).

Static stretching: 3 CMIJ height, torque, and

stretches, 3 sets, 30s to  EMG of agonist muscles.
mild discomfort.

Single-leg intervention, One-leg CMJ and vertical
the other leg used for jump with ankle and knee
control, 12 weeks (60 fully extended.

sessions)  Static  stre-

tching of plantar flexors.

4 weeks, 12 sessions, 3 Dorsiflexion range of mo-
times per week, 3 sets of tion (ROM), gastrocnemius
60s stretch and 30s rest. muscle stiffness, muscle
11-point numerical scale strength, drop jump height,
for intensity, high inten- and muscle architecture
sity at 6-7, low intensity before and after SS training
at 0-1. program.

nificantly decreased. No changes in
the control group.

All stretching durations increased
significantly in flexibility. Jump
height decreased significantly com-
pared to no stretching. 20 m sprint
and agility unaffected. Longer du-
ration increased flexibility but re-
duced vertical jump performance;
no effect on sprint or agility.

CM]J height was unchanged for
stretched and control legs (p > .2),
as well as for two-leg CMJ

(p =.186). Hip ROM significantly
increased; knee ROM unchanged.
Intermittent stretching increased
significantly CMJ height 4 min
post-stretching, while continuous
stretching reduced significantly
CMJ height immediately and 1 min
post. Hip and knee ROM increased
similarly after both protocols.

No significant effects on MVC,
tension, stiffness, elongation, knee
joint angle range, or jump perfor-
mance. Stretching (15-60 s) insuf-
ficient to induce mechanical or mor-
phological adaptations in MTU; no
effect on jump or MVC.

Stretching group showed significant
improvements: flexibility (+18.1%),
standing long jump (+2.3%), vertical
Jump (+6.7%), 20m sprint (+1.3%),
knee flexion 1RM (+15.3%), knee
extension 1RM (+32.4%), knee
flexion endurance (+30.4%), knee
extension endurance (+28.5%). No
improvements in the control group.
Significant increase in jump height
and power. Antagonist stretching re-
laxes neuromuscular reflexes.
Significant increase in dorsiflex-
ion, cross-sectional area of m. gas-
trocnemius and in one-leg jumping
height in the stretched leg compared
with the control leg.

The HI-SS (high-intensity static
stretching) group improved more
than the LI-SS (low-intensity stat-
ic stretching) group in ROM (40
vs. 15%) and decreased muscle
stiffness (—57 vs. —24%), while no
significant change was observed for
muscle strength, drop jump height,
and muscle architecture in both
groups. The control group presented
no significant change in any vari-
able.
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Warneke 35 healthy
etal., students were al- ing for 10 min per leg/
2022. located to an in- 42 sessions.

tervention group

(IG,n=17) and

a reduced-phys-

ical-activity

group (rPA,

n=18).

The counter movement jump (CMJ) is
a vertical jump used to assess both the kine-
matic characteristics of movement execution
and the performer’s corresponding kinetic re-
sponses. The movement consists of two prima-
ry phases. During the preparatory phase, the
body’s center of mass is lowered, allowing po-
tential energy to be converted into kinetic ener-
gy. This is followed by the acceleration phase,
in which kinetic energy increases as a result
of the stored potential energy combined with
the mechanical work generated by the active
muscle groups. Because of these characteris-
tics, CMJ-derived power outcomes are widely
applied across multiple domains of sports sci-
ence, including exercise physiology, training
biomechanics, injury prevention and rehabili-
tation, elite sport performance analysis, eval-
uation of jumping techniques, and studies of
muscle coordination patterns.

Static stretching involves gradually length-
ening a muscle and holding the stretched posi-
tion for a fixed duration, typically 15 to 60 sec-
onds. Despite its widespread use in practice,
the influence of static stretching on CMJ-re-
lated motor performance has been interpreted
inconsistently across studies (Esteban-Garcia
et al., 2024). Importantly, the timing of static
stretching—whether performed before or after
the main physical task—appears to produce
differing effects on jump performance.

Several studies indicate that performing
static stretching before dynamic actions, such
as CMJ, may negatively affect vertical power
output. Rubini et al. (2007) reported reductions
in maximal force and power production during

6 weeks of daily stretch- Maximal voluntary contrac- Significant decreases in flexibil-
tion, range of motion using ity and jump performance in rPA
the knee-to-wall test, coun- group. In IG, there were significant
termovement jump height increases in ROM and SJ height,
(CMJ height), squat jump but no change in CMJ height or DJ
height (SJ height), drop performance.

jump height (DJ height)

were evaluated using a pre-

test-post-test design.

explosive movements when static stretching is
executed immediately before exertion. These ef-
fects are likely associated with diminished force
generation and prolonged muscle activation la-
tency, which compromise the effectiveness of
the acceleration phase. Supporting this view, a
meta-analysis by Simic et al. (2013) concluded
that static stretching performed before strength-
and power-based activities, including CMlJs,
leads to short-term declines in performance.

From a biomechanical perspective, the
influence of static stretching on CMJ perfor-
mance is thought to be linked to the suppression
of involuntary muscle activation. Prolonged
muscle elongation reduces elastic energy stor-
age and attenuates reflexive responses, thereby
interfering with the transition from the prepa-
ratory to the acceleration phase of the jump
(Kay & Blazevich, 2012).

Conversely, not all studies report detrimen-
tal effects. For instance, Donti et al. (2021)
observed no statistically significant changes in
CMJ performance following static stretching.
These findings suggest that the effects of stat-
ic stretching on jump biomechanics may vary
depending on individual characteristics and
contextual factors.

Overall, when static stretching is per-
formed immediately before CMJ execution,
it appears likely to reduce biomechanical ef-
ficiency by limiting force and power output
due to decreased elastic energy utilization and
delayed muscle activation (Rubini et al., 2007,
Simic et al., 2013). Nevertheless, the magni-
tude of these effects is not uniform and may
differ among individuals.
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In contrast, static stretching performed
after exercise is frequently recommended as
part of post-activity recovery strategies. Its
proposed benefits include increased flexibility
through muscle—tendon elongation, reduced
delayed-onset muscle soreness (DOMS), and
enhanced circulation that facilitates the remov-
al of metabolic by-products such as lactic acid.

One of the primary advantages of post-ex-
ercise static stretching is improved muscle
flexibility and tissue plasticity. Long-term ad-
aptations have been documented, particularly
in muscles exposed to high mechanical loads
during training (Kay & Blazevich, 2012).
Lima et al. (2019) demonstrated that passive
static stretching protocols yield the most pro-
nounced flexibility gains when stretches are
held for longer durations (>60 seconds per
muscle group) and are not integrated into a
complete warm-up routine.

Many practitioners and researchers there-
fore recommend performing static stretching
after training sessions, when muscle tempera-
ture is elevated, rather than before physical ac-
tivity. Post-exercise static stretching has been
associated with improved flexibility, reduced
muscle soreness, accelerated recovery process-
es, and injury prevention. Although outcomes
may vary with individual traits and training de-
mands, consistent application of static stretch-
ing may enhance recovery and the long-term
preservation of muscle elasticity (Ingram et
al., 2025; Chen et al., 2025).

Given the contradictory findings regarding
the effects of static stretching on athletic per-
formance and jump biomechanics, the aim of
the present study was to investigate the effects
of an eight-week static stretching intervention
on CMJ performance in adolescent male bas-
ketball players aged 11-14 years.

MATERIALS AND METHODS
The study sample consisted of twenty-one

adolescent basketball players with a mean age
of 12.59 + 0.66 years. All participants regular-
ly competed in regional, national, or interna-
tional tournaments and competitions and were
members of Basketball Club “Achilles” in So-
fia, Bulgaria. Written informed consent was
obtained from the parents of all participants
prior to participation in the study. The parents
were fully informed about the study objectives,
experimental procedures, potential risks, and
the nature of the stretching intervention, and
they agreed to their children‘s participation.

The static stretching protocol was per-
formed after the athletes’ regular 60-minute
basketball training session. The intervention
was implemented four times per week for eight
weeks, resulting in a total of 32 stretching ses-
sions. The static stretching protocol, illustrated
in Figure 1, included two exercises performed
in a standing position and two executed in a
seated position. Each exercise was complet-
ed three times per session, with a 30-second
rest interval between stretches. Stretch dura-
tion ranged from 30 to 40 seconds, adjusted
according to each athlete’s individual toler-
ance threshold. Participants were instructed
to maintain the stretch at the upper limit of
comfort, positioned between the sensation of
stretching and the onset of mild discomfort,
while avoiding entry into the pain zone.

The static stretching program was imple-
mented over eight weeks, during which the
athletes maintained their regular training regi-
men without modification.

The selected exercises targeted the primary
muscle groups involved in CMJ performance.
The first exercise focused predominantly on the
quadriceps muscles while also engaging the hip
flexors. The second exercise primarily stretched
the calf musculature, including the gastrocne-
mius and soleus muscles, as well as the Achil-
les tendon, with secondary involvement of the
posterior thigh muscles. The third exercise em-
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phasized hamstring stretching, with addition-
al effects on the calf and lower back muscles.
The fourth exercise was designed to target the

1 j
Figure 1. Static Stretching Protocol.

Adolescent basketball players are at a key
stage in their physical and motor development,
characterized by rapid growth, increased mus-
cle activity, and an immature musculoskeletal
system. In this context, the implementation of
a static stretching program may be appropriate,
but only if it is adapted to the children’s age,
level of preparation, and individual character-
istics. A well-structured program not only sup-
ports physical development but also lays the
foundation for healthy motor habits in the fu-
ture (Ivanov et al., 2022; Ivanov et al., 2024).

Static stretching helps improve muscle
elasticity, joint mobility, and neuromuscular
control. This is especially important for young
basketball players, as the sport requires fre-
quent jumps, sudden changes in direction, and
high coordination.

On the other hand, excessive or incorrect
application of static stretching poses a risk of

adductor muscles of the inner thigh, while also
engaging the muscles surrounding the hip joints
and groin region (Figure 1).

2
a

overloading the tendons and growth zones.
Based on the above arguments, the selected
stretching program is of moderate intensity and
is performed under the supervision of a profes-
sional coach. It is especially appropriate to use
static stretching in the final part of the work-
out, with an emphasis on correct technique and
breathing (Ivanov et al., 2022; Ivanov et al.,
2024; Trenev, 2019; Trenev, 2021).

Jump performance was assessed using a
Bertec force platform (600 mm width, 400 mm
length, 50 mm height), as shown in Figure 2.
Ground reaction force data were collected at a
sampling frequency of 1 kHz. Data acquisition
and storage were performed using the Norax-
on system with the “MyoForce” module. All
reported biomechanical parameters obtained
during the jump tests were measured twice for
all participants: before and after the implemen-
tation of the stretching protocol.
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Figure 2. CMJ Biomechanical Analysis Protocol.

In the countermovement jump, the par-
ticipant begins in an upright standing posture
and initiates the movement with a brief down-
ward phase, achieved through hip and knee
flexion. This preparatory action is immediately
followed by the rapid extension of the same
joints, resulting in a vertical take-off from the
ground. The execution of this jump relies on
the stretch—shortening cycle, during which the
muscles are actively elongated prior to con-
tracting in the intended direction of movement.
Throughout the jump, the hands are maintained
on the hips to eliminate the contribution of arm
swing.

Before testing, all participants completed a
standardized warm-up followed by a familiar-
ization trial. Each participant performed three
consecutive CMJ trials, and the best attempt
was used for subsequent analysis. The post-in-
tervention measurements were conducted two
days after the last stretching session at the
same time of day, following a standardized
warm-up under identical testing conditions as
the pre-intervention testing. Each participant
performed three consecutive CMJ trials, and
the best attempt was used for subsequent anal-
ysis. The different phases of the CMJ and the
corresponding biomechanical parameters were
derived from the force platform recordings.

All reported biomechanical parameters
obtained during the jump test were measured
twice for each participant, before and after the
implementation of the stretching protocol. The
biomechanical variables recorded before and
after the intervention were compared using the
Wilcoxon Signed-Rank Test.

Because several variables violated the as-
sumption of normality and the sample size was
relatively small (N = 21), pre- and post-inter-
vention values were compared using the Wil-
coxon signed-rank test. Statistical significance
was set at p <.05. Analyses were performed in
Python using the scipy.stats—wilcoxon func-
tion. Effect sizes were calculated as Cohen’s
d.v using the average of the pre- and post-in-
tervention standard deviations.

RESULTS

Anthropometric characteristics are fun-
damental indicators of body proportionality
and harmonious physical development. Their
assessment is particularly important during
childhood and adolescence, as these devel-
opmental periods are critical for monitoring
healthy growth and physical maturation.
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Table 2. Basic Anthropometric Characteristics of the Study Group

Variable n M SD min max
Height (cm) 21 163.80 10.40 144.00 185.00
Body Mass (kg) 21 50.75 7.87 37.10 63.30
Body Mass Index (BMI) (kg/m?) 21 18.93 2.66 15.48 25.85

This investigation examined modifica-
tions in the biomechanical characteristics of
the countermovement jump (CMJ) in a group
of twenty-one adolescent basketball players,
assessed before and after the implementation

of the static stretching intervention (Table 3).
The evaluation encompassed kinematic, kinet-
ic, and temporal CMJ variables, which were
recorded during jump execution using a strain-
gauge force platform.

Table 3. Countermovement Jump Biomechanical Outcomes Before and After Static Stretching

(N=21)
Variable Pre—s;;eDt)ch, M Post-s(g'le;jch, My p Cohen’sd

Average Braking Force (N) 770.1 (148.1)  834.6(153.7) 33.0 .003 0.43
Average Braking Power (W) 449.5 (138.1)  539.2(151.5) 20.0 <.001 0.62
Average Braking Velocity (m-s) 0.63 (0.12) 0.70 (0.11) 39.5 .025 0.59
Average Propulsive Force (N) 972.5 (188.7)  968.7 (180.6) 109.0 .838 0.02
Average Propulsive Power (W) 1203.8 (281.3) 1196.0 (274.0) 107.0 .785 0.03
Average Propulsive Velocity (m's) 1.34 (0.13) 1.34 (0.13) 98.0 .794 0.03
Braking Impulse (N-s) 128.3 (35.8) 149.5 (34.6)  35.0 .004 0.60
Countermovement Depth (cm) 24.5 (4.9) 28.1(4.4) 48.0 .018 0.77
Jump Height by Flight Time (cm) 27.3(5.3) 26.7 (5.0) 107.0 .768 0.12
Jump Height by Net Impulse (cm) 26.9 (5.6) 252 (4.1) 69.0 .106 0.35
Peak Power (W) 2217.8(532.7) 2162.1(537.2) 84.0 .288 0.10
Max Rate of Force Development (N's) 6442.8 (2694.7) 6172.8 (2329.6) 101.0 .633 0.11
Peak Braking Velocity (m/s) 0.92 (0.17) 1.05 (0.15) 32.0 .004 0.80
Propulsive Duration (s) 0.26 (0.05) 0.28 (0.04) 39.5 .045 0.46
Propulsive Impulse (N-s) 250.3 (46.7) 267.1 (48.0) 52.0 .026 0.36
Relative Peak Power (W-kg) 43.3(7.1) 40.2 (6.1) 46.0 .028 0.46
Time to Stabilization (s) 0.69 (0.23) 0.53 (0.20) 46.0 .028 0.76
Vertical Stiffness (kN-m) 0.23 (0.16) 0.37 (0.26) 15.0 .011 0.65

Note. Values are presented as M (SD). W = Wilcoxon signed-rank statistic; doy = Cohen’s standardized mean dif-
ference calculated using the average of the pre- and post-intervention standard deviations. Negative d,, values
indicate a decrease from pre- to post-intervention. Exact two-tailed p values are reported.

The analysis of the Countermovement Jump (CMJ) results revealed several significant changes following the
intervention, primarily during the eccentric phase of movement. In contrast, the variables describing overall jump

performance remained largely unchanged.

The most pronounced changes were ob-
served in the braking-phase variables. Average
braking force increased from 770.1 = 148.1 N
before the intervention to 834.6 £ 153.7 N after
the intervention (p = .003). Average braking
power also increased from 449.5 + 138.1 W
to 539.2 £ 151.5 W (p < .001), while average

braking velocity increased from 0.63 + 0.12
m/s to 0.70 = 0.11 m/s (p = .025). These find-
ings reflect changes in eccentric force produc-
tion and movement strategy during the coun-
termovement phase.

Braking impulse increased from 128.3 +
35.8 N's to 149.5 + 34.6 N's (p = .004), and
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peak braking velocity increased from 0.92 +
0.17 m/s to 1.05 = 0.15 m/s (p = .004). Coun-
termovement depth also increased significant-
ly, from 24.5+ 4.9 cm to 28.1 £+ 44 cm (p =
.018), indicating a deeper countermovement
strategy following the intervention.

Within the propulsive phase, significant
changes were observed only in propulsive du-
ration (p = .045) and propulsive impulse (p =
.026). Propulsive impulse increased from 250.3
+ 46.7 N-'s to 267.1 + 48.0 N-s. In contrast,
average propulsive force, average propulsive
power, and average propulsive velocity did not
change significantly.

The principal indicators of jump perfor-
mance remained largely unchanged. No sig-
nificant differences were observed in jump
height calculated from flight time (p = .768),
jump height calculated from net impulse (p =
.106), peak power (p = .288), or maximum rate
of force development (p = .633). Thus, the in-
tervention was not associated with significant
changes in maximal CMJ performance.

Time to stabilization decreased from 0.69
+0.23 st0 0.53 +0.20 s (p = .028), suggesting
changes in post-landing stabilization. Vertical
stiffness increased from 0.23 £+ 0.16 kN/m to
0.37 £ 0.26 kN/m (p = .011), suggesting al-
tered mechanical behavior during CMJ execu-
tion. Relative peak power decreased from 43.3
+7.1 W-kg't040.2 £ 6.1 W-kg! (p=.028).

Overall, the intervention was associated with
changes in selected braking-phase variables,
countermovement strategy, propulsive impulse,
vertical stiffness, and time to stabilization. How-
ever, these changes were not accompanied by
significant improvements in jump height, peak
power, or rate of force development.

DISCUSSION

This study investigated the effects of an
eight-week static stretching intervention on
CMJ biomechanics in adolescent basketball

players. The main findings indicate that chron-
ic static stretching predominantly affected
eccentric braking characteristics, movement
strategy, and post-landing stabilization, while
variables associated with maximal jump per-
formance remained largely unchanged.

The absence of significant improvements in
jump height is consistent with several previous
investigations. Stafilidis and Tilp (2015) report-
ed no significant changes in CMJ performance,
maximal voluntary contraction, or muscle—ten-
don mechanical properties after short-duration
static stretching. Similarly, Papia et al. (2018)
observed no alterations in CMJ height in young
female gymnasts following prolonged static
stretching. Warneke et al. (2022) also reported
unchanged CMJ performance after six weeks
of daily stretching despite improvements in
flexibility. These findings support the present
results, in which both jump height and peak
power remained unaffected.

Likewise, Ikeda and Ryushi (2021) demon-
strated that six weeks of static stretching im-
proved flexibility and the rate of force develop-
ment but did not enhance jump performance.
The authors suggested that increased flexibil-
ity alone may be insufficient to improve ex-
plosive motor performance, which appears to
agree with the present findings.

In contrast, several studies have reported
beneficial effects of chronic stretching inter-
ventions. Kokkonen et al. (2007) observed im-
provements in vertical jump performance fol-
lowing a 10-week stretching program, while
Panidi et al. (2021) reported increased jump
height after a 12-week stretching intervention
in adolescent female volleyball players. Sim-
ilarly, Bogdanis et al. (2019) found that inter-
mittent static stretching improved subsequent
vertical jump performance in elite gymnasts.

The discrepancy between these studies and
the present findings may be explained by dif-
ferences in participant characteristics, stretch-

120



JOURNAL of Applied Sports Sciences 10(1)/2026

ing duration, training status, and experimental
design. The participants in the current study
were adolescent basketball players undergo-
ing rapid growth and neuromuscular matura-
tion, factors that may influence the response
to stretching interventions. Furthermore, the
stretching protocol was applied after training
sessions rather than immediately before test-
ing, suggesting that chronic adaptations rather
than acute effects were investigated.

One of the most important findings of
the present study is the significant increase
in braking-related variables. Average Brak-
ing Force, Braking Impulse, Braking Power,
and Peak Braking Velocity all increased fol-
lowing the intervention. These results reflect
changes in braking-phase kinetics during the
countermovement. Such adaptations may re-
flect changes in neuromuscular coordination
and movement strategy rather than improve-
ments in explosive capacity. Greater counter-
movement depth and longer propulsive dura-
tion suggest that the athletes adopted a deeper
and more controlled movement pattern. The
reduction in time to stabilization suggests a
change in post-landing stabilization, although
the landing technique was not assessed direct-
ly. The observed increase in countermovement
depth reflects a greater movement excursion,
although flexibility and joint range of motion
were not measured directly. Previous studies
have consistently shown that static stretching
increases flexibility and joint mobility (Mag-
nusson et al., 1996; Kubo et al., 2001; Maeda
et al., 2017). Greater joint excursion may per-
mit a deeper eccentric phase, thereby increas-
ing the time available for force absorption.

The increase in Vertical Stiffness deserves
particular attention. Numerous studies have re-
ported reductions in muscle stiffness following
static stretching (Kubo et al., 2001; Maeda et
al., 2017; Nakamura et al., 2021). However,
these investigations typically assessed passive

muscle stiffness directly, whereas the present
study evaluated vertical stiffness during a dy-
namic motor task.

Therefore, the increased vertical stiffness
observed in the present study should not be in-
terpreted as evidence of increased passive mus-
cle stiffness. Instead, it may reflect improved
movement organization and altered stretch—
shortening cycle mechanics during CMJ execu-
tion. Similar distinctions between passive tis-
sue stiffness and functional movement stiffness
have been discussed by Freitas et al. (2018).

The lack of significant changes in jump
height and peak power suggests that chronic
static stretching alone may be insufficient to
improve explosive performance in adolescent
basketball players. Kay and Blazevich (2012)
proposed that static stretching may reduce
elastic energy utilization and alter neuromus-
cular activation patterns, potentially limiting
explosive output. However, the present results
indicate that these negative effects are not suf-
ficiently large to impair CMJ performance sub-
stantially when stretching is performed chron-
ically after training sessions.

Overall, the findings suggest that the inter-
vention was associated primarily with changes
in countermovement strategy and selected brak-
ing-phase variables rather than with improve-
ments in maximal explosive performance.

Limitations of the study

Several limitations of the present study
should be acknowledged when interpreting
the findings.

First, the study did not include a control
group. Consequently, it is not possible to de-
termine with certainty whether the observed
changes were exclusively attributable to the
static stretching intervention. Other factors,
such as regular basketball training, normal
growth and maturation processes, learning ef-
fects associated with repeated testing, or day-
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to-day variations in performance, may also
have contributed to the observed outcomes.

Second, the sample size was relatively
small, consisting of only twenty-one partici-
pants. Although statistically significant chang-
es were detected in several variables, the lim-
ited sample size reduces the generalizability of
the findings and increases the likelihood that
individual variability influenced the results.
Future studies should include larger cohorts to
improve statistical power and external validity.

Third, all participants were adolescent bas-
ketball playersaged 11 to 14 years. This develop-
mental period is characterized by rapid growth,
hormonal changes, and ongoing neuromuscular
maturation, all of which may affect responses to
training and stretching interventions. Therefore,
caution should be exercised when extrapolating
the present findings to adult athletes, younger
children, or other athletic populations.

The study focused exclusively on biome-
chanical variables derived from the counter-
movement jump and did not directly assess
flexibility, range of motion, muscle stiffness, or
neuromuscular activation. Including these mea-
sures in future investigations would provide a
more comprehensive understanding of the mech-
anisms underlying the observed adaptations.

Finally, multiple biomechanical outcomes
were analyzed without adjustment for multiple
comparisons. Therefore, the findings should be
considered exploratory and interpreted with
caution.

CONCLUSIONS

This study observed specific biomechan-
ical adaptations in countermovement jump
performance following an eight-week static
stretching intervention in adolescent basket-
ball players.

Following the intervention, significant
changes were identified in several variables
associated with the eccentric phase of the

CMJ, including braking force, braking power,
braking impulse, countermovement depth, and
post-landing stabilization. These findings may
reflect changes in eccentric loading and move-
ment organization during jump execution.

Despite these adaptations, no significant
changes were observed in jump height, peak
power, or rate of force development. There-
fore, the present findings suggest that static
stretching alone may not be sufficient to en-
hance maximal explosive performance in ado-
lescent basketball players substantially.

The observed increase in vertical stiffness
and the reduction in time to stabilization may
reflect modifications in movement organiza-
tion, stretch—shortening cycle behavior, and
post-landing stabilization.

Overall, the findings suggest that chronic
static stretching may influence eccentric control
and movement mechanics to a greater extent
than maximal explosive performance. Conse-
quently, static stretching may be considered a
complementary training method that influences
movement organization and stabilization rather
than a primary strategy for improving vertical
jump performance in youth basketball athletes.

Future studies employing randomized con-
trolled designs, larger sample sizes, and direct
assessments of flexibility and muscle—tendon
properties are needed to clarify further the re-
lationship between static stretching and jump
biomechanics in adolescent athletes. The au-
thors also recommend that analogous studies be
conducted on adolescents participating in other
sports, such as tennis, and across various age
groups (Nikolova et al., 2024; Nikolova et al.,
2025), to address inter-individual and sport-spe-
cific differences in responses to stretching.
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