Y

HUMAN MOVEMENT (ISSN 1899-1955)
2026; 27(2): 126-135

Bilateral lower-limb flexibility and its association with jump performance
in football players

. © Wroclaw University of Health and Sport Sciences
original paper

DOI: https://doi.org/10.5114/hm/220449

FATIH KARAKURT®, ILGIN ALI COSKUN®, ARMAGAN SAHIN KAFKAS®,
FAHRI SAFA CINARLI®

Department of Movement and Training Sciences, Inonu University, Malatya, Turkey

ABSTRACT

Purpose. This study aimed to examine the association between bilateral lower-limb flexibility asymmetries and both vertical
and horizontal jump performance in adolescent football players.

Methods. Adolescent male football players (n = 20; age, 16.4 + 0.68 years) voluntarily participated. Bilateral flexibility
was assessed using a manual goniometer, while jump performance was evaluated through countermovement jump and
standing long jump tests. Pearson correlation and regression analyses were conducted to explore the relationships and
explain the variance.

Results. Significant negative correlations were observed between flexibility asymmetries and countermovement jump
performance for the hamstrings (r = -0.624, p = 0.003), quadriceps (r = -0.652, p = 0.002), and plantarflexors (r = -0.608,
p = 0.004). Standing long jump performance was negatively correlated with quadriceps (r = -0.530, p = 0.016), plantarflexor
(r =-0.518, p = 0.019), and hamstring (r = -0.477, p = 0.034) flexibility asymmetries. Regression analyses revealed that
asymmetries in hamstrings, quadriceps, and plantarflexors significantly predicted both vertical (r* = 0.370-0.425) and
horizontal (* = 0.227-0.281) jump performance.

Conclusions. Bilateral lower-limb flexibility asymmetries were negatively associated with vertical and horizontal jump
performance. These findings highlight the potential relevance of monitoring flexibility asymmetries in youth football training

contexts.
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Introduction

Functional asymmetries between the dominant and
non-dominant limbs are a common phenomenon in
sports that involve unilateral movement patterns, such
as football [1]. Repetitive technical actions like kicking,
cutting, and pivoting performed predominantly on one
side of the body can lead to structural and functional
imbalances over time [2]. Beyond absolute differences
in strength or mobility, such inter-limb asymmetries
may reflect altered sensorimotor integration and asym-
metric neuromuscular control strategies, particularly
in athletes exposed to long-term unilateral loading
demands.

A substantial body of research has examined inter-
and intra-limb strength asymmetries in football play-
ers, consistently linking muscular strength imbalances

to performance outcomes and injury risk [3, 4]. How-
ever, while strength-based asymmetries have been ex-
tensively investigated, comparatively less attention has
been directed towards asymmetries in joint flexibil-
ity [5]. In particular, the potential impact of bilateral
flexibility asymmetries on explosive performance out-
comes remains underexplored, especially in youth foot-
ball populations.

During explosive tasks such as vertical jumping,
coordinated force transmission across the kinetic chain
depends in part on adequate and symmetrical joint
mobility [6]. Even subtle inter-limb differences in range
of motion may alter segmental timing and joint moment
distribution, potentially contributing to compensatory
movement strategies and reduced mechanical efficien-
cy [7]. Unilateral lower-limb tasks are known to reveal
meaningful asymmetries in thigh muscle function,
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and imbalances in agonist-antagonist behaviour have
been shown to influence neuromuscular efficiency
during single-leg and bilateral movements [8]. Such
asymmetries may alter force-time characteristics and
impair the ability to optimally utilise the stretch-short-
ening cycle, which is a key determinant of explosive
performance. From a biomechanical perspective, sym-
metrical flexibility across both limbs facilitates bal-
anced storage and release of elastic energy, whereas
asymmetrical mobility may lead to unequal energy
transfer and diminished propulsion during take-off
phases of jumping tasks [9, 10].

Flexibility is widely recognised as a fundamental
component of athletic performance and injury preven-
tion [11]. Previous research has demonstrated posi-
tive associations between hamstring flexibility and ver-
tical jump performance, as well as negative relationships
between limited flexibility and injury incidence [12-
14]. Athletes with greater flexibility capacity appear
better able to tolerate repetitive mechanical loading
and to optimise force production through improved joint
excursion and muscle-tendon interaction. However,
most studies have focused on absolute flexibility levels
rather than inter-limb differences, potentially over-
looking the functional relevance of bilateral symmetry
in mobility.

Adolescence represents a particularly sensitive de-
velopmental period characterised by rapid growth,
neuromuscular reorganisation, and evolving inter-limb
coordination. During this stage, repeated unilateral
sport-specific demands may amplify flexibility asym-
metries before neuromuscular maturity is fully estab-
lished. Consequently, asymmetries that might be well
tolerated in mature athletes could exert a dispropor-
tionate influence on movement efficiency and perfor-
mance in youth populations. Despite this, bilateral
flexibility asymmetries remain relatively underexplored
in adolescent athletes, with the majority of existing re-
search focusing on strength or power asymmetries in
adult or elite cohorts [15, 16].

Moreover, few studies have directly examined wheth-
er bilateral flexibility differences translate into impair-
ments in functional performance outcomes such as ver-
tical and horizontal jumping, which are fundamental
components of football-specific actions. Understand-
ing this relationship is essential, as jump performance
reflects the integrated function of multiple joints and
muscle groups operating under high neuromuscular
demands.

Therefore, the purpose of this study was to inves-
tigate the association between bilateral lower-limb flex-
ibility asymmetries and both vertical and horizontal

jump performance in adolescent male football play-
ers. It was hypothesised that greater inter-limb flexi-
bility asymmetries would be negatively associated with
jump performance outcomes, reflecting reduced neu-
romechanical efficiency during explosive tasks.

Material and methods
Experimental design and participants

This study employed a cross-sectional correlational
design to assess the association between bilateral lower-
extremity flexibility asymmetries and vertical and hori-
zontal jump performance among adolescent male foot-
ball players. An a priori power analysis was conducted
using the G*Power software (version 3.1.9.3, Heinrich
Heine University, Diisseldorf, Germany) for a two-tailed
Pearson product-moment correlation (bivariate nor-
mal model), as the primary aim of the study was to
examine associations between bilateral lower-limb
flexibility asymmetries and jump performance vari-
ables. The expected effect size was set at r = 0.64 based
on the correlation coefficient reported by Overmoyer
and Reiser [17], who observed a significant associa-
tion between ankle plantarflexion asymmetry and
anterior reach asymmetry in the Y Balance Test (r =
0.636). With an alpha level of 0.05 and a desired sta-
tistical power of 0.85, the minimum required sample
size was calculated as 18 participants. Accordingly,
20 adolescent male football players were recruited to
ensure adequate statistical power.

Inclusion criteria were: (i) male football players aged
15-17 years; (ii) participation in structured football
training for at least 75 min per session, a minimum of
three times per week; (iii) at least two years of contin-
uous football training experience; and (iv) absence of
lower-limb injury or surgical intervention within the
preceding six months. Players who did not meet these
criteria or reported current musculoskeletal complaints
at the time of testing were excluded from participation.
Participants were recruited using a convenience sam-
pling approach from a single local youth football acad-
emy. All players were actively training within the same
club structure and followed a comparable weekly train-
ing schedule. Coaches were informed about the study
procedures, and eligible players who met the prede-
fined inclusion criteria volunteered to participate. Writ-
ten informed consent was obtained from the parents
or legal guardians prior to participation.

After a battery of 6 active range of motion measure-
ments and 15 minutes of dynamic warm-up, counter-
movement jump and standing long jump tests were
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Figure 1. Flow diagram of the participant assessment and data collection process

performed. Subsequently, a battery of six active range
of motion assessments was administered to evaluate
bilateral lower-limb flexibility. Following the flexibility
assessments, participants performed both vertical and
horizontal jumps to evaluate performance. The flow of
the experimental procedure is illustrated in Figure 1.

Body composition

Each participant’s height was measured barefoot
in the anatomical position with the head in the Frank-
fort plane using a portable stadiometer (Seca Ltd., Bonn,
Germany) with a sensitivity of 0.01 metres (m), and the
body weight was measured barefoot and with minimal
¢ with a sensitivity of 0.1 kilograms (kg).

Lower limb flexibility measurement

To assess bilateral lower-limb flexibility, a battery
of six active range of motion tests was administered.
All flexibility assessments were performed by the same
experienced investigator to ensure procedural consist-
ency. In order to prevent any confounding effects due
to pre-activation or differential stress between limbs,
participants were not allowed to warm-up prior to test-
ing. All measurements were conducted manually using
a standard universal goniometer while participants lay
or sat on an examination table. Prior to assessment,
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anatomical landmarks were marked to ensure con-
sistent goniometer alignment. During each test, par-
ticipants were instructed to stabilise their hip and lum-
bar regions and hold the maximal range position for
5 s under gentle resistance. Each test was performed
three times with a 1-minute rest between trials. To
minimise potential learning effects, the first trial was
considered a familiarisation trial, and the average of
the second and third trials was recorded in degrees.
Intra-rater reliability was evaluated using intraclass
correlation coefficients (ICC; two-way mixed-effects
model, absolute agreement). ICC values ranged from
0.91 to 0.96 across the six range-of-motion tests, in-
dicating excellent reliability. Detailed descriptions of
the active range of motion measurements are provided
in Table 1. Flexibility asymmetry between limbs was
calculated as a percentage difference using the follow-
ing formula: Asymmetry: | (Xier, — Xiigh) / (Xiere + Xiign)/2)
| x 100 [18].

Vertical jump measurement

Vertical jump performance was evaluated through
the countermovement jump, a widely used protocol to
assess lower-body explosive power. A contact mat was
used to record jump height in centimetres (Fusion Sport,
Australia). Jump height was automatically calculated
from flight time by the device software. Participants
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Table 1. Lower-limb active range of motion flexibility tests and goniometer placement details

Measurement Body position Goniometer axis Stationary arm Movement arm
Hamstring supine; hip and knee lateral epicondyle femur (greater fibular head
at 90° flexion trochanter)
Quadriceps femoris prone lateral epicondyle femur (greater fibular head
trochanter)
Hip abductor supine ipsilateral ASIS contralateral ASIS  along ipsilateral patella
Hip adductor supine ipsilateral ASIS contralateral ASIS  along ipsilateral patella

Dorsiflexor sitting; knee at 90° lateral malleolus fibular head lateral 5" metatarsal
flexion, feet hanging centre
Plantarflexor sitting; knee at 90° lateral malleolus fibular head lateral 5" metatarsal

flexion, feet hanging

centre

ASIS - anterior superior iliac spine

stood barefoot on the mat with their feet shoulder-
width apart, knees fully extended, and hands placed
firmly on the hips throughout the entire movement.
They were instructed to perform a rapid downward
movement (eccentric phase) by flexing their knees to
approximately 90°, followed immediately by a maxi-
mal vertical jump (concentric phase). The hands re-
mained fixed at the hips to eliminate upper-body mo-
mentum [19]. Each participant performed three trials,
with a passive rest interval of 3 minutes between trials.
The highest jump recorded across the trials was used
for analysis.

Horizontal jump measurement

Horizontal jump performance was evaluated through
the Standing Long Jump test, which is a widely accepted
field-based assessment of lower-limb explosive power.
Prior to testing, the ground was pre-marked at regular
intervals using a standard tape measure to facilitate
efficient and accurate data collection. Participants be-
gan each attempt by standing just behind the take-off
line with their feet shoulder-width apart and arms re-
laxed at their sides. They were instructed to use a natu-
ral arm swing to enhance propulsion and to jump for-
ward as far as possible. Upon landing, participants
were required to remain stationary and keep their heels
on the ground to ensure a valid measurement. Jump
distance was defined as the horizontal distance from
the starting line to the rearmost point of heel contact
on landing, measured in centimetres using a calibrated
tape measure [20]. Each participant performed three
trials, with a passive rest interval of 3 min between
trials. The longest jump among the three trials was re-
tained for analysis.

Statistical analysis

All statistical analyses were performed using the
IBM SPSS Statistics software (Version 27.0; IBM Corp.,
Armonk, NY, USA). Descriptive statistics were pre-
sented as mean * standard deviation. The Shapiro-
Wilk test was used to verify the normality of the data
distribution, given that the sample size was less than
50. To examine side-to-side differences in flexibility
between the dominant and non-dominant limbs, paired
samples t-tests were conducted. Additionally, Cohen’s
d values were calculated to interpret the effect sizes of
these differences. Effect size interpretation followed
standard thresholds: d < 0.2 = trivial, 0.2-0.49 = small,
0.5-0.79 = moderate, and > 0.8 = large. To assess the
relationships between bilateral flexibility asymmetries
and jump performance variables, Pearson’s correla-
tion coefficient was calculated with a 95% confidence
interval. Correlation strength was interpreted as fol-
lows: r < 0.3 was considered trivial, 0.31 < r < 0.49 as
moderate, 0.5 < r < (0.69 as high, 0.7 <r < 0.89 as very
high, and 0.9 < r < 1 as excellent. The threshold for
statistical significance was set at p < 0.05.

Results

Descriptive statistics for participants’ demographics
are summarised in Table 2.

Table 2. Descriptive values of participants

Variable Mean = SD  95% confidence interval
Age (years) 16.4 = 0.68 16.08, 16.72
Height (cm) 174.75 + 6.45 171.73,177.77
Body mass (kg) 59.49 + 6.74 56.33, 62.65
BMI (kg/m?) 19.51 + 2.31 18.43, 20.60
Training experience 38+ 231 272, 4.88
(years)

BMI - body mass index
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Table 3. Descriptive values of lower limb bilateral flexibility variables

Variable Right (°) Left (°) Difference (%) t p ES
Hamstring 51.45 + 10.61 47.35 + 10.74 9.84 + 7.32 4.25 <0.001 0.95
Quadriceps 137.35 £ 9.09 135.55 £ 9.13 3.67 = 3.19 1.30 0.209 0.29
Hip abductor 43.10 £ 5.97 43.20 £ 6.10 7.25 + 5.09 0.08 0.937 0.02
Hip adductor 22.20 = 3.58 21.40 + 3.46 9.04 + 6.07 2.35 0.030 0.53
Dorsiflexor 15.70 = 2.56 16.55 + 3.15 12.03 = 7.10 1.74 0.098 0.39
Plantarflexor 57.85 = 10.15 54.25 + 10.03 8.57 + 5.75 3.79 0.001 0.85

Values are presented as mean + standard deviation. Paired-samples ¢-tests were used to compare right and left limb

measurements. ES - effect size (Cohen’s d)

Paired-samples analysis revealed distinct patterns
of bilateral differences across the muscle groups (Ta-
ble 3). Hamstring measurements showed a significant
side-to-side difference, supported by a large effect size
(p <0.001, d = 0.95). Plantarflexor measures also dem-
onstrated a significant bilateral difference (p = 0.001,
d = 0.85). A moderate difference was also observed in
hip adductor values (p = 0.030, d = 0.53). In contrast,
the quadriceps (p = 0.209), hip abductor (p = 0.937),
and dorsiflexor measures (p = 0.098) exhibited no
significant side-to-side differences, with correspond-
ing effect sizes ranging from negligible to small (d =
-0.02 to 0.39).

Correlation analysis revealed that lower-limb flexi-
bility asymmetries were differentially associated with
jump performance (Table 4). For vertical jump height,
significant and negative correlations were identified
with hamstring asymmetry (r = -0.624, p = 0.003),
quadriceps asymmetry (r = -0.652, p = 0.002), and
plantarflexor asymmetry (r = -0.608, p = 0.004), in-
dicating that greater bilateral differences in these mus-
cle groups were associated with reduced jump height.
In contrast, hip abductor (r = -0.128, p = 0.591), hip
adductor (= -0.348, p = 0.133), and dorsiflexor asym-
metry (r = -0.161, p = 0.496) showed no significant
relationship with vertical jump height.

Regarding horizontal jump distance, quadriceps
asymmetry demonstrated a significant negative cor-
relation (r = -0.530, p = 0.016), followed by plantar-
flexor asymmetry (r = -0.518, p = 0.019) and ham-
string asymmetry (r=-0.477, p = 0.034). These findings
similarly indicate that greater asymmetry in these
muscle groups adversely affects horizontal jump per-
formance. No significant associations were observed
for hip abductor (r = 0.033, p = 0.892), hip adductor
(r=-0.196, p = 0.408), or dorsiflexor asymmetry (r =
-0.184, p = 0.437) in relation to horizontal jump dis-
tance.

Simple linear regression analyses demonstrated that
bilateral flexibility asymmetries were significant pre-
dictors of vertical jump performance. Specifically, ham-
string asymmetry (R* = 0.389, p = 0.003), quadriceps
asymmetry (R* = 0.425, p = 0.002), and plantarflexor
asymmetry (R* = 0.370, p = 0.004) each accounted
for a meaningful proportion of the variance in coun-
termovement jump height. Similarly, for horizontal
jump performance, hamstring (R* = 0.227, p = 0.034),
quadriceps (R* = 0.281, p = 0.016), and plantarflexor
asymmetry (R* = 0.269, p = 0.019) emerged as signifi-
cant predictors of standing long jump distance, indi-
cating that greater asymmetry in these muscle groups
was associated with reduced jump distance (Figure 2).

Table 4. Correlations between bilateral lower limb asymmetries and jumping variables

Vertical jump height Horizontal jump distance
Variable

r p r p
Hamstring difference -0.624 0.003 -0.477 0.034
Quadriceps difference -0.652 0.002 -0.530 0.016
Hip abductor difference -0.128 0.591 0.033 0.892
Hip adductor difference -0.348 0.133 -0.196 0.408
Dorsiflexor difference -0.161 0.496 -0.184 0.437
Plantarflexor difference -0.608 0.004 -0.518 0.019

Pearson’s product-moment correlation analysis was performed to assess the relationships between bilateral lower-limb
asymmetry variables and jump performance outcomes. Statistical significance was set at p < 0.05.
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Figure 2. Scatterplots with regression lines (95% confidence interval) illustrating the relationships between
bilateral flexibility asymmetries and jump performance outcomes

Discussion

The present study examined the association be-
tween bilateral lower-limb flexibility asymmetries
and jump performance outcomes in adolescent foot-
ball players. The principal findings demonstrated that
asymmetries in the hamstrings, quadriceps, and plan-
tarflexors were moderately to strongly negatively as-
sociated with both vertical and horizontal jump perfor-
mance. These results indicate that greater inter-limb
discrepancies in mobility are linked to reductions in
explosive performance capacity, supporting the hypoth-
esis that flexibility symmetry plays a meaningful role
in neuromechanical efficiency during high-intensity
tasks.

Hamstring asymmetry demonstrated a moderate-
to-strong negative association with jump performance,
with simple linear regression models indicating that
asymmetry accounted for approximately 23-39% of the
variance in performance outcomes. Quadriceps asym-
metry similarly accounted for 28-43% of the variance
in jump outcomes, emphasising the importance of bal-
anced mobility within the thigh musculature for op-
timal force transmission. These findings are consistent
with previous evidence indicating that inter-limb asym-
metries are associated with impairments in jump per-
formance and horizontal propulsion tasks [21]. Fur-
thermore, horizontal jump asymmetry exhibits strong
agreement with reductions in mobility, jump perfor-
mance, and change-of-direction ability, underscoring
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the functional relevance of bilateral symmetry [22].
Supporting this notion, young football players with
greater hamstring flexibility achieved superior per-
formance across sprinting, agility, and jumping tasks,
with improvements of up to 10% in countermovement
jump height [14].

Collectively, these findings suggest that bilateral
flexibility asymmetries may impair neuromuscular ef-
ficiency by disrupting coordinated force production
between limbs. Efficient explosive movement relies on
synchronised activation and timing across joints and
muscle groups; asymmetrical mobility may impose
unequal mechanical constraints, prompting compen-
satory strategies such as altered joint sequencing, in-
creased co-contraction, or delayed force application [23].
Over time, these compensations may reduce the maxi-
mal power output and increase the cumulative mechan-
ical stress on the more mobile or dominant limb. Thus,
even relatively modest flexibility asymmetries may
translate into meaningful performance deficits during
tasks that demand rapid and symmetrical force genera-
tion, such as jumping [24].

Among the examined variables, plantarflexor asym-
metry emerged as a particularly influential factor, ac-
counting for up to 37% of the variance in vertical jump
performance. This finding highlights the critical role
of ankle joint mobility symmetry in explosive perfor-
mance. Previous biomechanical research using a work-
energy approach has shown that muscles acting at the
ankle joint contribute approximately 23% of the total
positive work in maximal vertical jumping, highlight-
ing the substantive role of the plantarflexor muscle
group in propulsion [25]. Consistent with the present
findings, previous research has demonstrated strong
associations between ankle mobility and countermove-
ment jump height [26], as well as significant relation-
ships between plantarflexor-related mobility param-
eters and jump performance [27]. Collectively, these
data suggest that side-to-side discrepancies in plantar-
flexor flexibility may impair elastic energy storage and
release, thereby reducing propulsive efficiency during
jumping tasks.

In contrast, flexibility asymmetries in the hip ab-
ductors, hip adductors, and dorsiflexors were not sig-
nificantly associated with jump performance. Although
bilateral differences exceeding 7-12% were observed
in some participants, these asymmetries did not ap-
pear to influence explosive performance outcomes. This
may be explained by the functional roles of these mus-
cle groups, which are primarily involved in frontal-
plane stabilisation and postural control rather than
direct propulsion during sagittal-plane jumping tasks.
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Additionally, given the adolescent status of the partici-
pants, such asymmetries may reflect normal develop-
mental variability or sport-specific adaptations that
are not yet functionally limiting.

From an applied perspective, the present findings
underscore the importance of monitoring bilateral flex-
ibility asymmetries as part of routine athletic screen-
ing, particularly in youth football players. Identifying
athletes with pronounced inter-limb mobility discrep-
ancies may allow practitioners to implement targeted
corrective interventions aimed at restoring symmetry
and optimising movement efficiency. Given that explo-
sive lower-body actions such as jumping, sprinting, and
rapid accelerations are integral components of modern
football performance, neuromechanical factors that
influence force production and movement efficiency
may have broader implications for physical output dur-
ing competition. Recent evidence has highlighted the
biological and physical fitness adaptations observed
following jump-based training interventions in soc-
cer players [28]. Furthermore, match-running perfor-
mance analyses in professional soccer have demon-
strated the importance of maintaining high-intensity
running output and consistent physical performance
across match phases, including during congested com-
petitive periods and varying tactical contexts [29, 30].
In addition, contextual factors such as ball possession
status have been shown to influence match-running
demands and performance modelling in elite soccer
[31]. Collectively, these findings suggest that factors in-
fluencing movement efficiency and inter-limb balance
should be considered within broader performance de-
velopment strategies. Beyond performance considera-
tions, neuromuscular imbalances and workload fluc-
tuations may also be relevant in the context of injury
risk in football. Previous studies have shown that train-
ing and match load are important determinants of non-
contact muscle injuries in elite soccer players and may
influence return-to-performance metrics following in-
jury [32, 33].

Several limitations should be acknowledged. The
relatively small sample size may limit the generalis-
ability of the findings and the stability of regression
estimates. Furthermore, the cross-sectional design pre-
cludes causal inference regarding whether reducing
flexibility asymmetries would lead to performance
improvements. In addition, no indicator of biological
maturation was assessed in this study. Given the ad-
olescent age range of the participants (15-17 years),
inter-individual differences in maturation status may
have influenced both flexibility asymmetries and jump
performance. Therefore, biological maturity should be

Human Movement, Vol. 27, No 2, 2026



HUMAN MOVEMENT

F. Karakurt, I.A. Coskun, A.S. Kafkas, F.S. Cinarli, Lower flexibility and jump performance

considered a potential confounding factor when inter-
preting the present findings. Future studies employing
longitudinal or interventional designs should examine
whether targeted flexibility interventions can effectively
reduce asymmetries and translate into measurable
gains in performance or reductions in injury risk.
Expanding outcome measures to include sprinting,
change-of-direction performance, and injury incidence
would also provide a more comprehensive understand-
ing of the functional implications of flexibility asym-
metry in adolescent athletes.

Conclusions

This study demonstrated that bilateral flexibility
asymmetries in the hamstrings, quadriceps, and plan-
tarflexors were negatively associated with vertical and
horizontal jump performance in adolescent male foot-
ball players, highlighting inter-limb mobility symmetry
as a potentially relevant factor in explosive perfor-
mance during youth development.

Among the examined variables, plantarflexor asym-
metry showed one of the strongest associations with
vertical jump performance, underscoring the func-
tional relevance of symmetrical ankle mobility. From
an applied perspective, routine bilateral flexibility
screening using simple active range-of-motion assess-
ments may assist in identifying mobility discrepan-
cies and informing performance-monitoring strategies
in adolescent football players. Future longitudinal and
interventional studies are needed to clarify whether
reducing flexibility asymmetries results in sustained
performance improvements and reduced injury risk.
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