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Abstract

Purpose The aim of study was to evaluate the effect of
integrated exercise training programs on functional move-
ment’s patterns, dynamic stability, jump-landing biomechan-
ics, and muscle strength in elite young basketball players.
Methods A study involved 31 youth most talented Lithu-
anian basketball players (15 male, 16 female) selected by
the coaches of Lithuanian basketball federation. Functional
movement patterns were evaluated with Functional Move-
ment Screen (FMS) tests. The Y Balance test was used to
assess athlete’s dynamic stability of lower extremities. Land-
ing error scoring system (LESS) was used to assess athlete’s
body and lower extremity biomechanical properties during
the jump-landing task. Isokinetic dynamometry was used
to measure thigh muscle’s strength. The integrated training
program that incorporates multiple types of exercise, such
as stability, flexibility, and strength exercises. Data analysis
was performed using the dependent nonparametric Wilcoxon
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signed-rank test. In all statistical procedures, p < 0.05 was
regarded as significant. Correlation coefficients of tests
results and efficiency were analyzed using Spearman cor-
relation coefficient.

Results The total score of FMS had increased from
15.89 + 2.0 to 17 + 1.23 (p = 0.04) in female basketball
players. Jump-landing biomechanics measured by LESS had
improved from 6.85 + 2.34 to 4.62 + 2.87 (p = 0.01) points
in male basketball players. All the parameters of dynamic
stability of lower limbs had improved after exercise training
sessions. The knee flexion/extension ratio peak torque to
body weight measured by isokinetic dynamometer increased
in males and females except right leg at speed of 60°/s in
males.

Conclusions These results indicate that integrated exercise
training program incorporated into regular basketball train-
ing sessions might have influence on performance and risk
factors of sports injuries in youth basketball players.

Keywords Exercise - Youth athlete - Proprioception -
Neuromuscular training

Introduction

Basketball is a very popular sport played all around the
world. Professional basketball today has become a highly
physical, high-contact sport [1]. The play is characterized
by intensive body contact, frequent intermittent running and
jumping, demanding one-on-one situations, quick direction
changes in combination with challenging technique, and
coordination aspects like catching, throwing, passing, and
dribbling [2-4]. Most of the injuries in basketball involve
the lower extremities [5].
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It is estimated that 30—45 million youth 6-18 years of age
participate in some form of athletic [6]. More young athletes
are becoming professionals at a younger age [6]. Increased
playing is mirrored by an increased risk of traumatic injury
or overuse musculoskeletal injury by young sports partici-
pants [7]. Young athletes who participate in one of sports
have more injuries and play sports shorter than those who
specialize in variety of sport before puberty [8].

Systematic reviews showed evidence for the effectiveness
of proprioceptive/neuromuscular training in reducing the
incidence of certain types of sports injuries among adoles-
cent and young adult athletes during pivoting sports such as
basketball [7]. Basketball coaching and conditioning profes-
sionals should not assume a linear dose—response between
accelerometer and internal training load models during train-
ing, and are recommended to combine internal and external
approaches when monitoring training loads in players [9].
Skilled young athletes must be mentored carefully to pre-
vent over participation, which may affect them physically
as well as psychologically [6]. Research demonstrates that
significant, amenable benefits can be gained from training
age appropriate interventions [10]. It is very important to
promote healthy participation and preventive care measures.
The chronic musculoskeletal injuries associated with exces-
sive training load can be monitored with RPE method, which
is practical tool to monitor and plan individualized youth
training loads. It can prevent from injuries, monotony, strain,
overreaching, and burnout [11].

We hypothesized that integrated exercise training pro-
gram consisted of foam rolling, flexibility, core stability,
and strength exercises, incorporated into regular training
sessions as a warm-up might have influence on functional
movement’s patterns, dynamic stability, and jump-landing
biomechanics and muscle strength in elite young basketball
players. The young athletes should have good background

of fundamental movements to stay injury free. It is very
important that specialization do not become traumatic fac-
tor. When children are confident and competent with this
skill, they can develop sport-specific and complex movement
skills that allow them to enjoy sport and physical activity.

Methods

The most talented 15-year-old 31 young Lithuanian basket-
ball players were selected by the top coaches of Lithuanian
Basketball Federation for 1 year duration project “Talents
U15 generation 2015” which was partially funded by FIBA
Europe Youth Development Fund. All the players in our
sample were right handed and dominant (jumping) leg was
left. The players were tested twice before and after integrated
exercise training program. The regular basketball training
sessions were five times per week. Integrated exercise train-
ing program was performed for 5 months additionally to the
regular basketball training sessions. In this period, players
had six intensive training weekends. An exercise program
has been created individually according to the test results
(dosage repetition sessions and load were prescribed indi-
vidually) and consisted of foam rolling, core stability, flex-
ibility, and strength exercises. The participants were taught
how to perform exercises by the team physiotherapist and
it has been recommended to perform them three times per
week. Physical examination consisted of the Functional
Movement Screen, Y Balance test, Landing Error Scoring
System, and an isokinetic dynamometry. The examiner had
more than 5 years of clinical experience and theoretical and
practical experience with scoring all these tests. A total of 31
participants (100%) complete follow-up testing (Fig. 1). All
participants and their parents willingly signed the consent
form and the rights of the participants were protected.

Fig. 1 Research organization Players selection
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Functional movement patterns were evaluated with Func-
tional Movement Screen (FMS) tests, developed by Cook
and Burton [12]. It is a comprehensive screen to assess the
quality of fundamental movement patterns for presumably
identifying an individual’s physical limitations or asym-
metries [13, 14] in seven fundamental movement patterns:
the deep squat, hurdle step, lunge, shoulder mobility, active
straight leg raise, push-up, and rotary stability [7, 15]. Each
participant was given three trials on each of the seven tests.
The trial was scored on ordinal scale from zero to three.
Final FMS score was obtained when the results of FMS tests
were summed [13].

The Lower Quarter Y Balance test is a dynamic postural
control test that requires balance on one leg with maximum
reach of the opposite limb. The YBT-LQ is a measure of
dynamic balance and has been used to assess physical per-
formance, identify chronic ankle instability, and identify
athletes at greater risk for lower extremity injury [16-18].
YBT consists of a stance platform to which three pieces of
PVC pipe are attached in the anterior, posteromedial, and
posterolateral reach directions [19]. Subject stands with the
right foot on the center foot plate and the most distal aspect
of the subject’s barefoot at the starting line. Three trials were
completed in each direction. The same process was repeated
using the contralateral limb as the stance limb [18]. Perfor-
mance for all trials was recorded and maximum reach score
for each reach direction was extracted for data analysis. The
composite score on the test was calculated by averaging the
maximum scores for each reach direction after the maximum
scores were normalized to the limb length [20].

Landing Error Scoring System (LESS) was used to assess
athlete’s body and lower extremity biomechanical changes
during the jump-landing task. Two digital video cameras
were placed in front of and to the right of the participants
to capture frontal and sagittal images of three jump-landing
trials [21]. The best LESS score from the three trials at each
testing session was used for data analyses. The participant
began the task standing on a 30-cm-high box placed at a
distance of half their body height away from a landing area,
which was marked by a line on the ground. Participants were
instructed to jump forward, so that both limbs left the box
simultaneously, to land just past the line, and to jump for
maximal height immediately after landing [22, 23].

Knee muscle testing was performed on a Biodex Sys-
tem 4 Pro Isokinetic Dynamometer et velocities of 60 and
180°/s. Prior to isokinetic testing, each subject completed
the warm-up phase. Subjects were placed in a comfortable
upright-seated position on the Biodex dynamometer chair
and was secured using thigh. Straps on pelvis and torso was
attached in order to minimize extraneous body movements.
The resistance pad was placed at a level a proximally 3 cm
proximal of medial malleolus. The range of motion of the
knee joint during testing was set from 0° to 90° and all limbs

were gravity compensated. Bilateral isokinetic (concentric/
concentric) knee extension and flexion studies with the pro-
tocol of 60°/s (5 repetitions) and 180°/s (10 repetitions) were
accomplished. Vocal encouragement during the testing was
consisted and standardized [24].

Statistical analysis

Data analysis was performed using the dependent nonpara-
metric Wilcoxon signed-rank test. In all statistical proce-
dures, p < 0.05 was regarded as significant. The values are
presented as arithmetical mean + standard deviation (SD)
of the sample. Correlation coefficients of tests results and
efficiency were analyzed using Spearman correlation coef-
ficient. All statistical analyses were performed using SPSS
22 (IBM Corp., Armonk, NY, USA).

Results

The average of total FMS total scores is demonstrated in
Table 1. The functional movement patterns after integrated
exercise training program improved in females. Dynamic
balance of lower limbs measured by YBT-LQ statistically
significant increased in both groups (p < 0.05). Changes
of YBT-LQ composite scores (normalized according limb
length) are presented in Table 2. Changes of total body bio-
mechanics during drop vertical jump task analyzed using
LESS scores are demonstrated in Table 3. Jump-landing
biomechanics improved in males (p < 0.05). Knee flexion/
extension ratio peak torque to body weight at high speed
(180°/s) increased after integrated exercise training program
in male and female groups.

The isokinetic knee flexion/extension ratio at speed 60
and 180°/s in female and male groups shown in Table 4.
Correlational data revealed a significant correlation between
FMS total score and YBT-LQ composite score of the left leg
in males after the training season (r = — 0.535; p = 0.02).
The jump-landing biomechanics (LESS) improved with the
increase of knee flexion/extension ratio peak torque to body
weight at speed of 180°/s in the left leg of males after the
integrated exercise training program (r = — 0.558; p = 0.03).

Table 1 Functional movement screen (FMS) total scores of females
and males (mean + SD)

Sex Before After p value
Female 15.89 £2.0 17 +1.23 0.04*
Male 159 +£2.22 1692 + 1.9 0.1

*Statistically significant difference p < 0.05
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Table 2 Y Balance test composite scores of lower quarter (YBT-LQ) in females and males (mean + SD)

Sex Female Male
Before After p value Before After p value
YBT-LQ composite score Right 99.43 +12.36 105.76 + 8.19 0.02* 102.28 + 6.86 106.74 + 6.94 0.00%*
Left 100.1 + 11.5 106.02 + 10.34 0.01%* 102.76 + 6.18 107.51 +6.9 0.00%*

*Statistically significant difference p < 0.05

Table 3 Average Landing Error Scoring System (LESS) total scores
of females and males (mean + SD)

Sex Before After p value
Female 6.56 + 1.8 6+29 0.62
Male 6.85 +2.34 4.62 £2.87 0.01*

*Statistically significant difference p < 0.05

Discussion

Age of 13—15 is the sport specialization years. This is the
time when fundamental functional movement patterns are
extremely important in the athlete’s development and injury
prevention. The main aim of this study was to assess an
impact of integrated training program of elite young bas-
ketball players.

The FMS were being used clinically to identify athletes
atrisk of injury [13, 25] and subsequently to administer pro-
grams to decrease injury risk [26]. Our results showed that
after training program, the quality of functional movements
in females has increased by 1.1 in the FMS total score. The
increase of FMS total score by 2.5 score was noted in special
operations soldiers after a 6-week functional training that
focused on agility, core strength, balance, and power [27].
In our study, in both groups, the composite FMS scores were
higher than the injury risk cut-off point < 14. Kiesel et al.
claim that if the FMS result is 14 or less, it can be that the
athlete have 11 times increased risk of sport injury compared
with players who have scored more than 14 points [28].

YBT also was being used clinically to identify athletes
at risk of injury [29]. Y Balance tests are reliable measures

of postural control in active younger adults [18, 29, 30].
Investigators have published a systematic review of YBT-
LQ research and have reported that poor performance has a
relationship with lower extremity injury risk [29]. The com-
posite score statistically significant increased in female and
male groups after 5S-month training. Research demonstrated
that after injury prevention program, all athletes (youth
soccer players) experienced an improvement in YBT scores
[31]. Our findings are similar to Plisky et al., in his study,
235 (105 girls, 130 boys) high school basketball players were
tested, the composite score in girls group was 98.4 + 8.2, in
boys group was 103.0 + 8.0. It also states that if the com-
posite score index is < 94, the player can be at greater risk of
injury for lower extremities [18]. Poor performance has also
been found to be predictive of ankle sprains in college-aged
individuals [32]. In Butler’s study, college football players
who scored below 89.6 were 3.5 times more likely to get
injured [20]. In our study, all participants were above of the
risk injury index (< 99.43 + 12.36).

LESS test is showing jump-landing biomechanics [21].
For all subjects, the average LESS scores was more than six
points before beginning an exercise program. Individuals
who had > 6 points demonstrated “poor” landing technique
[22]. In our study, both groups demonstrated “poor” landing
technique. After training program, our results showed that in
male group, the quality of landing technique has increased
(4.62 point, it demonstrates “good” landing technique).
Lindsay et al. findings indicate that neuromuscular train-
ing programs are most effective with athletes who display
“poor” movement techniques before beginning program
[14]. Other scientists, who examined 2753 cadets, found
that women biomechanics are worse than men [33], and,

Table 4 Knee flexion/extension

. o Knee flexion/knee extension Female Male
ratio at velocities of 60 and ratio peak torque to body
180°/s of females and males weight Before After p value Before After p value
(mean + SD)
Speed at 60°/s
Right 0.49 +£0.02 0.51+0.02 0.68 0.55+0.03 0.57+0.02 0.86
Left 0.46 +£0.01 0.50+0.02 0.37 0.50 £0.02 0.57 +0.03 0.02*
Speed at 180°/s
Right 0.52+0.02 0.58+0.02 0.05%* 0.55+0.02 0.64+0.03 0.03*
Left 0.50 £0.02 0.58+0.03 0.01* 0.53+0.02 0.59+0.02 0.01*
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in our study, show the similar results after exercise training
program.

Isokinetic dynamometry is frequently chosen because of
their inherent patient safety, objectivity, and reproducibil-
ity in testing measures [34]. Evaluation of muscle strength
characteristics at various angular velocities has provided us
with a better understanding of the knee joint function [35].
Results of our study showed that all participants were below
the stated mark, and then, marks were at 60°/s men 0.60,
women 0.62, at 180°/s men 0.72, and women 0.76 [36-38].
The results of isokinetic knee flexion/extension ratio at
lower angular velocities indicate that after exercise training
program, statistically significant differences was noticed in
male group in left side and at higher angular velocities in
both sides. After training program in female group, statisti-
cally significant difference was only in left side at velocities
angular 180°/s. In basketball, the left leg is dominant in take-
off element, so it might explain improvement in isokinetic
strength ratio. In other study, there were statistically signifi-
cant differences between all parameters except at velocities
of 60°/s [39].

There is no consensus in the literature about the influence
of dominant leg to the performance. Two isokinetic stud-
ies, professional soccer [40] and elite handball players [41],
showed no muscle strength asymmetry of the knee extensor
and flexor muscles, regardless of dominance. Schiltz et al.
found that there were no differences in functional or relative
isokinetic variables between professional and junior basket-
ball players regarding dominant side effect [24]. According
to the studies, we have not analyzed dominant side effect.

Our results indicate that integrated exercise training pro-
gram might have influence on performance and risk factors
of sport injuries in youth basketball players. One research
demonstrated that after training program, the level of base-
line movement error affected the subjects’ abilities, which
has significantly improved after completing one of the injury
prevention programs [22].

Limitations of the study

There was no possibility to have control group, because the
selected players were the best at their age in country. The
selection of players was made by the coaches of X basketball
federation. Training program was performed only during the
camps and was not supervised between the weekend training
sessions. The physical maturation of the players might have
influence to the results.

Conclusion

Being able to identify modifiable factors related to injury
has a significant value for athletic health care. Integrated

exercise training program improved the quality of func-
tional movement’s patterns in female and jump-landing
biomechanics in male basketball players. Dynamic stability
of lower quarter and the knee flexion/extension ratio peak
torque to body weight increased in both groups after exercise
training sessions. There is strong evidence that integrated
exercise training program (core stability, flexibility, strength,
and foam rolling exercises) incorporated into regular training
sessions might have influence on performance and risk of
sports injuries in youth basketball players.
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