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Abstract Background: Basketball relies heavily on
jumping. Insufficient hamstring flexibility and quadriceps
weakness can increase the risk of muscle injuries when
landing after wvertical jumps. Additionally, dynamic
balance plays a crucial role in both athletic performance
and injury prevention. The aim of this study was to analyse
the relationship between hamstring flexibility, quadriceps
strength and dynamic balance with landing mechanics in
recreational basketball players. Methods: 153 basketball
players were recruited for this cross-sectional study.
Hamstring flexibility, quadriceps strength, dynamic
balance, and landing mechanics were analyzed using a
sit-and-reach test, dynamometer, Y-balance test, and
Landing error scoring system (LESS) respectively. Pearson
correlation test was utilized to analyze the relationship
between hamstring flexibility, quadriceps strength and
dynamic balance with landing mechanics among

recreational basketball players. Results: The study found a
strong correlation between dynamic balance and LESS in
dominant (D) and non-dominant legs (ND), with negative
correlations observed for anterior (r =-0.859, p <.001(ND),
r=-0.835, p <.001(D) ), posteromedial (r =-0.836, p <.001
(ND), r = -0.853, p <.001(D) ) and posterolateral (r =
-0.863, p <.001(ND), r =-0.844, p <.001(D) ) leg positions.
No significant association was found between hamstring
flexibility and LESS, (r = -0.145, p= 0.077), whereas
quadriceps muscle strength showed significant positive
relationship with LESS, (r = 0.300, p<.001) (D) and (r =
0.287, p<.001) (ND). Conclusion: The significant
association between dynamic balance and LESS indicates
that training programs should focus on improving dynamic
balance to enhance performance and prevent health risk
related injuries, while hamstring flexibility does not
directly influence landing mechanics.
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1. Introduction

Basketball is a contact sport that requires explosive and
dynamic movements such as sprinting, jumping, and
landing [1]. These high-intensity actions place significant
biomechanical stress on the lower limbs, particularly
during landing [2]. Basketball players perform repetitive
landings during games and training—averaging 35-46
landings per game and up to 70 landings during
competitive play—demonstrating the critical role of
appropriate landing mechanics in injury prevention and
performance optimization [3]. Faulty landing mechanics,
such as reduced knee flexion, increased knee valgus, and
poor postural control, are major risk factors for
non-contact injuries, including anterior cruciate ligament
(ACL) tears and ankle sprains [3]. Given that these
movements are repetitive in basketball, landing mechanics
are key to reducing injury risk and increasing the athletes'
longevity [4]. Furthermore, variations in joint angles
between the dominant and non-dominant limb could
influence the differing chances of injury risks observed in
each limb. At the peak knee flexion stage of landing, the
non-dominant limb exhibited a larger hip flexion angle,
potentially improving its ability to absorb forces and
reducing the likelihood of hip joint injuries compared to
the dominant leg. In contrast, the dominant leg showed a
higher knee valgus angle at initial contact, indicating a
greater vulnerability to knee injuries [5].

Multiple physical attributes are required to land
correctly, including hamstring flexibility and dynamic
balance, which impact the lower limb biomechanics [6].
Hamstring flexibility is essential for achieving a full range
of motion in the knee and hip, particularly during landing
[7]. A sufficient range of motion allows for proper knee
flexion, facilitating controlled force absorption upon
ground contact [8]. With limited hamstring flexibility, the
knee joint may fail to extend adequately, increasing
ground reaction forces and compensatory movement
patterns such as excessive knee valgus or overreliance on
quadriceps muscles [9]. These factors heighten the risk of
non-contact ACL injuries prevalent among basketball
players. Therefore, examining the role of hamstring
flexibility in facilitating proper landing mechanics is
crucial for injury prevention. Dynamic balance is another
crucial factor in landing mechanics—the body's ability to
maintain stability throughout the performance of complex,
dynamic movements. Effective dynamic balance enables
athletes to control their posture during landing, ensuring
proper weight distribution, sufficient knee and hip flexion,
and alignment of the lower limbs. Deficits in dynamic

balance are associated with poor postural control,
increased knee valgus, and asymmetrical weight shifts, all
of which contribute to a greater likelihood of ACL
injuries and ankle sprains [10].

By investigating the correlation between dynamic
balance and landing mechanics, targeted interventions can
be developed to address postural deficits and improve
stability during dynamic actions like landing. Since proper
posture is inherently related to dynamic balance, proper
posture plays a key role in landing correctly [11]. Postural
misalignments during landing, such as forward trunk lean
or asymmetrical limb positioning, can impair force
dissipation and increase stress on the knee joint [12].
Specifically, increased knee valgus—a common postural
deviation during landing—is a major biomechanical risk
factor for ACL injuries [13]. Landing Error Scoring
System (LESS) is a validated tool used to assess landing
mechanics and identify errors such as insufficient knee
flexion, increased knee valgus, and improper dynamic
posture. Athletes with poor LESS scores are significantly
more likely to sustain ACL injuries due to these
biomechanical deficiencies. By evaluating posture
through dynamic balance assessments and LESS, this
study aims to understand factors that influence landing
quality comprehensively.

While the established role of strength, flexibility and
balance in performance for athletes is well known, further
investigation of their combined effect on landing
mechanics among basketball players has yet to be done. In
order to develop evidence-based interventions targeting
improvement in movement quality and reducing
movement-related injuries, it is necessary to understand
the relationship between hamstring flexibility and
dynamic balance and landing mechanics. This study
focuses on filling this gap by investigating the relationship
between dynamic balance, hamstring flexibility, and
landing mechanics, as measured by the LESS, in
recreational basketball players. This research aims to give
coaches, trainers, and sports scientists actionable insight
to design targeted programs to improve dynamic stability,
landing technique, and injury-free performance.

2. Materials and Methods

2.1. Participants

This study employed a cross-sectional design and
enrolled a total of 153 professional basketball players who
were between the ages of 18 and 30. This study comprised
individuals with a single year of experience who had taken
part in a minimum of three to five competitive matches at
the state or district level. The study did not include athletes
who had experienced lower limb injuries within the
preceding six months, were involved in sports apart from
basketball, or had any neurological or vestibular issues.



International Journal of Human Movement and Sports Sciences 13(1): 155-162, 2025

2.2. Sample Size

There are a total of 180 professional players who were
registered in private basketball academy in Klang Valley,
Malaysia and were approached for this study purpose. All
participants reported actively playing basketball for at least
2 years and engaging in 10 to 50 games per year, with a
median of 25 games. The sample size will be calculated
using the Taro Yamane formula [14]. In this equation,
where n represents sample size, N denotes population size,
which is 180, e indicates error (0.05), reliability level is
95%, or e equates to level of precision, consistently assign
the value of 0.05. With a 95% confidence interval and a 5%
margin of error, and considering the total population of 180,
the estimated sample size is 124. However, considering the
10% attrition rate, the estimated sample size will be 137
[15].

2.3. Ethical Approval

The study obtained institutional board ethical committee
approval prior to the commencement of the study with
reference number INTI-IU/FHLS-RC/BPHTI/7NY 12023/
002. Every participant was familiarized with the objective
and outcome of the study. In addition, all participants have
furnished their written consent to take part in this research.

2.4. Outcome Measures

Both the sit-and-reach test and the measurement of
quadriceps muscle strength required the evaluation of both
the dominant and non-dominant legs. The dominant leg of
each participant was determined using a simple, functional
task. Participants were asked to kick a ball toward a target,
and the leg they used to perform the kicking action was
recorded as their dominant limb. The opposite limb was
then classified as the non-dominant limb.

2.4.1. Sit-and-reach Test

The sit-and-reach test demonstrates moderate reliability
(R = 0.71-0.86) and good to excellent validity (r = 0.83—
0.92) in measuring hamstring flexibility [16]. To set up the
test, place a yardstick on the floor with tape perpendicular
to the 15 inches mark. The participant sits with the
yardstick between their legs, extending them at a right
angle to the taped line on the floor, ensuring that the heels
touch the edge of the tape and are approximately 10 to 12
inches apart. With extended arms, the participant should
slowly reach forward, placing one hand on top of the other,
palms down, as far as possible, holding this position for
about 2 seconds. The recorded score is the farthest point (in
centimeters or inches) reached with the fingertips, and it's
recommended to record the best of three trials. The score is
the farthest point reached, with the best of three trials.
Testers should ensure that the knees remain extended, and
participants should breathe normally. Note that the zero
point at the foot/box interface is essential for applying
appropriate norms, such as setting it at the 15-inch mark for
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YMCA standards. A positive value indicates that the
participant's fingertips were able to extend beyond the toes,
demonstrating greater flexibility. Conversely, a negative
value indicates that the participant was unable to reach
their toes, with the measured distance representing how far
short of the toes the fingertips were.

2.4.2. Quadriceps Muscle Strength

Quadriceps strength was measured utilizing a portable
dynamometer (Commander Echo Wireless Muscle Tester
[9RF305], JTech Medical Industries). The device operates
at a wireless frequency of 2.4 GHz while the subject is
seated. This hand-held dynamometer offers a cost-effective
solution for strength assessment and demonstrates strong
validity compared to isokinetic dynamometers, as well as
excellent intrarater reliability (ICC 0.94 [95% CI: 0.86—
0.97]) [17]. After participants completed a warm-up
session for 10 minutes which included body weight squats,
straight leg raises, static knee extension, and leg swings for
2 sets with 10 repetitions followed by 5-minute rest period
to recover from the warm-up and the participants
familiarize themselves with the procedure, the device was
used to measure their maximum knee-extension strength.
For the test, participants sat on the edge of an examination
couch or chair with their hips positioned at a 90@ngle and
knees at a 60 @ngle. A Velcro strap was secured to both the
assessment chair and the participant’s ankle, positioned
approximately 5 cm above the lateral malleolus at a right
angle to the lower leg. The dynamometer transducer was
positioned at the front of the ankle, beneath the strap, to
assess the strength of knee extension. Participants were
directed to progressively increase the intensity of their
contraction until reaching their maximum effort. While
testing, standard verbal instruction and encouragement
were provided by the tester and also to avoid Valsalva
maneuvers. Each participant completed five contractions,
each separated by a 60-second rest interval, with the
highest recorded value used for analysis. Knee-extension
strength was represented as the maximal voluntary torque
per kilogram of body weight, factoring in the external
lever-arm length and individual body mass.

2.4.3. Dynamic Balance: Y-Balance Test (YBT)

YBT is a reliable dynamic neuromuscular control test to
assess dynamic balance [18]. The study evaluated athletes'
dynamic balance by placing one foot on a YBT Kit
(Perform Better PRO-ED - Australia) with barefoot. To
conduct the test, individuals must position their hands on
their hips and participants extended their reaching limb in
three  directions  (anterior,  posteromedial, and
posterolateral), and their reach distance was measured.
Two practice trials were conducted, followed by three
formal trials in each of the three directions on each leg.

Leg length was measured to standardize the Y-Balance
Test (YBT) reach distances. Each participant's limb length
was measured in a supine position using a standard tape
measure. The measurement was conducted from the
anterior superior iliac spine (ASIS) to the distal tip of the
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medial malleolus. Participants were instructed to lie flat on
their backs with legs extended and relaxed to ensure
accuracy and consistency. This measurement, recorded in
centimeters, was used to standardize the YBT reach
distances as per the established YBT protocol, allowing for
accurate comparison between participants with varying leg
lengths. The greatest composite score was determined with
a formula.

Composite Score = (Anterior + Posteromedial +
Posterolateral) / 3 <Right Limb Length> 100

2.4.4. Landing Error Scoring System (LESS)

LESS is a valid and reliable clinical assessment tool for
jump-landing biomechanics. It has been shown to have
good to very strong intra- and inter-rater reliability
respectively in adult individuals (ICC = 0.84; SEM = 0.71,
ICC = 0.91; SEM = 0.42) [19]. The participants jumped
from a box that was 0.30 meters in height and landed on a
target that measured 0.75 meters by 0.45 meters. The target
was positioned at a distance equal to 50% of their height
away from the box. After landing, the subject promptly
executed the vertical jump with maximal intensity.
Participants did not get feedback or instruction on their
technique unless they failed to accomplish the task
correctly, such as landing outside of the target region.
Participants were given the opportunity to practice the
jump before data collection, until they were able to do it
successfully (with a minimum of three practice jumps).
Subsequently, three jump-landings were successfully
documented on the specified surface using conventional
videography techniques. Two video cameras capturing at
30 Hz (30 frames per second), specifically the Sony
Handycam FDR-AXP55, were positioned using tripod
placed 3.4 meters away from the landing target. They were
set in front of and to the dominant side of the participant to
record the jump-landing motion from frontal and sagittal
plane perspectives. The LESS contains 17 scored items.
The first item (items 1-6) deals with the placement of the
trunk and lower extremities at initial contact with the
ground. The second item evaluates foot placement error
(items 7-11) and is scored at the point of initial ground
contact (item 11), when the entire foot touches the ground
(items 7 and 8), and the interval between initial contact and
peak knee flexion (items 9 and 10). The third item
evaluates the movements of the trunk and lower
extremities between the instant of maximum knee flexion
angle (items 12—14) and the valgus angle (item 15), as well
as between initial contact with the ground. Lastly, two
"global" components deal with the movement of the
sagittal plane as a whole (items 16 & 17). Participants were
divided into four quartiles based on their LESS scores,
which represented their jump-landing biomechanics as
follows: Excellent (score < 4), Good (4 < score < 5),
Moderate (5 < score < 6), and Poor (score > 6).

2.5. Statistical Analysis

IBM Statistical Package for Social Science (SPSS)
software version 29.0 and Microsoft Excel were used to
organize collected data and produce the study outcomes.
Descriptive statistics were used to analyse demographic
data while the Pearson correlation test was employed to
analyze the relationship between hamstring flexibility,
quadriceps strength and dynamic balance with landing
mechanics among recreational basketball players. The
statistical significance was set at p <0.001.

3. Results

The study comprised 132 male and 21 female
participants, with a mean age of 24.50 +3.56 years and a
mean BMI of 23.06 £2.92. The mean experience of the
participants is 2.92 £0.28, with an average training hour of
2.93 £0.27 per week, presented in Table 1.

3.1. Correlation between Dynamic Balance and
Landing Mechanics

A Pearson product-moment correlation was conducted
on a sample of 153 participants to examine the relationship
between dynamic balance and LESS. Pearson correlation
analysis revealed significant negative relationships
between LESS and various reach directions. Specifically,
LESS was negatively correlated with anterior (ND) (r =
-0.859, p < 0.001), posteromedial (ND) (r = -0.836, p <
0.001), and posterolateral (ND) (r = -0.863, p < 0.001).
Similarly, significant negative correlations were found
between LESS and anterior (D) (r = -0.835, p < 0.001),
posteromedial (D) (r = -0.853, p < 0.001), and
posterolateral (D) (r = -0.844, p < 0.001). Increases in
dynamic balance in both the dominant and non-dominant
legs were shown to be correlated with decreases in
individuals' LESS scores represented in Table 2.

3.2. Correlation between Hamstring Flexibility and
Quadriceps Strength with Landing Mechanics

In Table 3, Pearson's product-moment correlation was
run to assess the relationship between hamstring flexibility
and quadriceps strength with landing mechanics among
153 participants. A weak and non-significant negative
correlation was observed between hamstring flexibility and
landing mechanics for both the dominant leg (r =0.002, p =
0.982) and the non-dominant leg (r = -0.152, p = 0.061),
indicating the absence of a strong or reliable linear
relationship between these variables. In contrast, the
analysis between quadriceps strength and LESS revealed a
significant relationship between the dominant leg (r =
0.300, p < .001) and the non-dominant leg (r = 0.287, p
<.001).
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Table 1. Demographic profile of the participants (n=153)
Variables Categories Frequency (%) Mean £SD
Age 24.50 +3.56
Gender Male 132 (86.3)
Female 21 (13.7)
BMI 23.06 £2.92
Experience in years 2,92 +0.28
Training Days / week 2.86 +0.38
Training Hours / week 2.93 +0.27
Quadriceps Strength DS 241 +63.74
NS 210.09 +£58.70
Hamstring Flexibility DS -7.58 +4.43
NS -5.58 +12.22
LESS 3.34 +3.00
BMI-body mass index, DS-Dominant side, NS-Non-dominant side, LESS-landing error scoring system
Table 2. Correlation between dynamic balance and LESS
LESS
YBT
r value p value

Anterior direction (NDL) -0.859** <0.001**

Posteromedial direction (NDL) -0.836** <0.001**

Posterolateral direction (NDL) -0.863** <0.001**

Anterior direction (DL) -0.835** <0.001**

Posteromedial direction (DL) -0.853** <0.001**

Posterolateral direction (DL) -0.844** <0.001**

**Correlation is significant at the <0.001 level (2-tailed)
NDL-non-dominant leg; DL-dominant leg

Table 3. Pearson’s correlation between hamstring flexibility and quadriceps strength with landing error score (LESS)

Landing error score (LESS)

Variables Dominant side Non-dominant side
r p value r p value
Hamstring flexibility 0.002 0.982 0.152 0.061
Quadriceps strength 0.300 <.001** 0.287 <.001**

LESS-landing error scoring system; **Correlation is significant at the 0.01 level (2-tailed).

4. Discussion

The aim of this study is to examine the influence of
hamstring flexibility, quadriceps strength and dynamic
balance on landing mechanics in recreational basketball
players. The results demonstrate significant negative
correlations between all YBT variables and LESS scores,
with correlation coefficients (r) ranging from -0.835 to
-0.863. This implies that better performance in dynamic
balance is correlated with a lower occurrence of landing
errors. This is supported by a previous study, which found

that athletes with higher YBT scores had fewer landing
errors and a lower risk of sustaining lower extremity
injuries [20]. Furthermore, a study provided evidence that
athletes with imbalances in their YBT scores or composite
scores below a certain threshold were at a higher risk of
sustaining non-contact injuries [21]. The significant
relationships identified in the current findings support the
predictive accuracy of the YBT, suggesting that athletes
with good dynamic balance performance tend to exhibit
better landing mechanics and, consequently, are less
susceptible to injury [22]. Although, previous research
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indicated significant associations between YBT scores and
LESS in the range of -0.6 to -0.7 [23] the relationships
observed in the present study were even stronger. The
variation may arise from disparities in the sample
demographics, experimental settings, or methods of
analysis. The present investigation reveals remarkably
similar correlations between the DL and NDL limbs. Prior
studies have only identified minor disparities in the
magnitude of correlations between the dominant and
non-dominant limbs [24]. For instance, a study found that
the scores of the dominant leg were slightly more
indicative of landing mechanics and the likelihood of
damage [25].

In the analysis of hamstring flexibility and LESS, a weak
negative relationship was observed, though it lacked
statistical significance. Nevertheless, prior research has
established a significant relationship between the
flexibility of the hamstring muscle and the knee valgus
angles during landing, a key aspect of the LESS [26]. The
study also suggests that increased hamstring flexibility
could potentially result in reduced knee valgus, hence
potentially decreasing LESS scores [26]. Furthermore,
previous research has shown that those with higher
hamstring flexibility exhibit more efficient landing
mechanics, perhaps leading to lower LESS scores [27].
This study highlighted the significance of flexibility in
mitigating the likelihood of ACL injury through the
promotion of appropriate landing mechanics [27]. In line
with our research, Padua et al. (2015) found a weak and
statistically insignificant association between hamstring
flexibility and LESS scores. Their proposal suggests that
the LESS may be more influenced by dynamic stability and
proprioception rather than flexibility alone [19]. Similarly,
an additional study conducted on young athletes revealed
no substantial association between hamstring flexibility
and LESS [28]. The researchers claimed that
characteristics, such as neuromuscular control and strength,
could have a greater impact on LESS scores than
flexibility.

The positive and significant relationship between
quadriceps strength and LESS suggests an intriguing
dynamic in how quadriceps strength influences landing
mechanics. The quadriceps must contract to generate an
internal knee-extension moment, which is crucial for
slowing the downward velocity of the body’s center of
mass during landing [29]. Additionally, prior studies have
indicated that inadequate quadriceps muscle strength can
lead to poor landing mechanics [30]. A prior study also
emphasized that knee extensors play a more significant
role in jumping than knee flexors in basketball players.
This is because the quadriceps muscles act as the agonists
at the knee joint during the propulsion stage, providing
most of the strength needed for jumps [31]. Moreover, in
the long run, reduced quadriceps isokinetic strength can
predispose players to patellar tendinopathy [31], as a
previous study reported that 81% of professional basketball
players with a history of PT had decreased quadriceps

strength [32]. Maintaining adequate quadriceps strength is
essential for optimal landing mechanics in basketball
players, as insufficient strength can lead to poor
biomechanics and further complications, such as patellar
tendinopathy. To address this, therapeutic programs aimed
at improving modifiable parameters like quadriceps
strength, along with isokinetic follow-ups, could be
proposed. Additionally, a recent study found a strong
association between LESS scores and knee valgus during
jump landing tasks, indicating a significant association
between poor landing mechanics and increased knee
valgus [33]. It has been demonstrated that interventions to
reduce dynamic knee valgus (DKV) also resulted in
improvements in LESS scores, suggesting that correction
of knee valgus may improve landing mechanics and reduce
the risk of ACL injury [34].

The cross-sectional design of this study limits its ability
to establish causal relationships between variables.
Additionally, while it involved both male and female
basketball players, the sample was predominantly male,
limiting the generalizability of the findings across genders.
Future study needs to incorporate a more equal distribution
of male and female athletes and employ longitudinal
methodologies to investigate causality. Evaluating other
neuromuscular  factors like core stability, and
proprioception would provide a complete comprehension
of landing mechanics and injury risk.

5. Conclusions

To summarize, our study highlights the essential
significance of dynamic balance in the execution of jump
landings among non-professional basketball players. The
substantial correlations observed between dynamic balance
and LESS underscore the significance of incorporating
dynamic balance exercises during training programs
designed to improve jump performance. These findings
highlight the necessity of focused interventions to enhance
dynamic balance, which could ultimately lead to improved
athletic performance and reduced risk of injury in this
group. While hamstring flexibility may not have a direct
impact on landing mechanics, tight hamstrings can trigger
reciprocal inhibition, a condition where quadriceps
activation is reduced. When the quadriceps are inhibited,
athletes may experience diminished performance, as this
may impair movement efficiency, heightening the risk of
poor landing mechanics and limiting the athlete's ability to
generate power or maintain control during physical
activities. Therefore, achieving a balance between
hamstring flexibility and quadriceps strength is vital for
enhancing performance and preventing injuries in athletes.
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