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The Effects of Functional Training on Lower Extremity Biomechanics during
Hopping in Adolescent Professional Basketball Players: AQuasi-experimental Study
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Introduction: Knee kinetic and kinematic are important in anterior cruciate ligament (ACL) loading in elite basketball
players who repeatedly practice jumping maneuvers such as hopping. The aim of this study was to evaluate the effect of 8
weeks of functional training on the knee flexion, reaction force, and load during hopping in professional basketball players.

Materials and Methods: In this quasi-experimental study, 30 professional basketball players were randomly assigned
into experimental, and control groups (n = 15 per group). The experimental group attended the functional training
program three times a week for eight weeks. Lower extremity kinetics and kinematics were collected before and after
training period during single leg drop landing using force platform and motion analysis system. The data were analyzed
by repeated measure ANOVA at the significance level of a = 0.05.

Results: The peak vertical ground reaction forces and peak loading rate significantly decreased following eight-weeks
functional training (P < 0.001, P = 0.030 respectively). The knee flexion angle in the experimental group significantly
increased after 8 weeks of training (P = 0.030).

Conclusion: Based on the present findings, functional training, improved the muscle recruitment strategy during the
hopping movement probably through increasing the functional stability of the body. Therefore, it can be concluded
that functional training may help managing the risk factors for ACL injury, such as some biomechanical factors, during
dynamic movements.

Keywords: Functional training; Kinetics; Kinematics; Anterior cruciate ligament; Basketball

Abstract

Citation: Awad M, Sadeghi M, Ghasemi GA, Lenjannejadian S. The Effects of Functional Training on Lower Extremity
Biomechanics during Hopping in Adolescent Professional Basketball Players: AQuasi-experimental Study. J Res Rehabil Sci
2024; 20.

Received date: 31.12.2023 Accept date: 04.02.2024 Published: 03.04.2024

Introduction
Basketball is one of the most common team games.
From amateur to professional levels, injury prevention
is essential. In this regard, identifying appropriate and
effective training methods to prevent
performance-determining factors is necessary. One of
the common injuries in basketball is an anterior
cruciate ligament (ACL) injury (1).

ACL injury, one of the most common ligamentous
knee injuries, has drawn much attention not only
among athletes but also among active nonprofessional
individuals (2). ACL injury causes long-term disability
and high costs (3) and is also of great importance in
children and adolescents (4). Athletes participating in
jumping, cutting, and pivoting team sports such as
soccer, basketball, and volleyball are often 4-6 times
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Effect of Functional Training on Basketball Player

more likely to sustain an ACL injury (5). Lower limb
posture during high-risk activities such as running,
cutting maneuvers, rotation, and landing is a
predisposing factor for ACL rupture (6, 7).

It is believed that lower limb posture directly
affects the load placed on the ACL and plays a major
role in increasing ACL injury risk. For example, body
posture during landing increases the individual's risk
of injury (8). Increased knee valgus angle (9),
decreased knee flexion angle (10), and decreased hip
flexion angle (7, 11) during landing are associated with
more severe ACL injury. Quadriceps contraction at
0-30 degrees of knee flexion causes an anterior shear
force on the proximal tibia, which increases ACL
strain (12, 13). Also, knee valgus and tibial rotation
increase ACL strain, though this strain is less than that
caused by shear force. The main loading mechanism
on the ACL is anterior shear forces at the knee joint
(14). Proper control and absorption of these forces
during dynamic activities can reduce injury risk.
Therefore, understanding the factors that affect the
body's ability to absorb these forces may help prevent
lower extremity injuries and improve ACL
biomechanical function (15). The effect of foot
mechanics on superior structures has been well
studied, but the effect of proximal stability on lower-
limb structures and pathology remains unclear (16).

Inefficiency or functional weakness of the body
during normal daily activities (functional activities)
may cause disturbances in lower-limb posture, thereby
increasing torque and strain on the ACL. Inadequate
neuromuscular control of the trunk may affect the
dynamic stability of the lower limb, increase strain on
the knee ligaments, and lead to injury (17). It seems
that proximal muscle function affects forces on the
knee joint (11), and functional training can reduce the
risk of non-contact ACL injury (18). In a recently
published pilot study, functional resistance training
was shown to alter gait kinematics in individuals with
ACL reconstruction (19).

Functional exercises are a rehabilitation approach
designed to improve strength and function
simultaneously. In this approach, ordinary daily
activities are performed against resistance. For
example, applying resistance while walking can
engage leg muscles in a specific way and improve
walking performance. In this context, functional
walking training in research includes braces that resist
knee motion during walking or devices that pull the
ankle with elastic resistance. These devices have been
studied in healthy individuals and those with
neurological injuries. However, very few studies have
examined functional training in individuals after
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ACL injury and reconstruction (19). Past research has
shown that these devices can increase quadriceps
activation during walking and affect kinematic and
spatiotemporal parameters after acute training. These
findings provide evidence for the clinical potential of
this approach. However, it remains unclear how these
devices can be used to alter gait kinetics through
training. Altering gait kinetics following training is a
goal of rehabilitative interventions in ACL injuries,
because increasing joint loading in these individuals
may improve cartilage health and reduce the
progression of post-traumatic osteoarthritis (20).

Based on evidence, functional training appears to
reduce forces on the knee during hopping, which could
help reduce ACL loading (20). However, the specific
effect of trunk interventions, especially functional
training, on ACL loading has not been determined.
While previous studies have examined forces on the
body, it has been suggested that functional training
may affect movement technique (20). Accordingly,
this study was designed to determine whether eight
weeks of functional training can affect knee flexion
angle, ground reaction force, and loading rate during
hopping in basketball players.

Materials and Methods
The present study wused a quasi-experimental
pretest—posttest design. Thirty professional basketball
players participated. Exclusion criteria included
history of trunk or lower limb surgery, history of
neuromuscular-musculoskeletal — disorders, severe
spinal deformities (scoliosis, kyphosis, etc.), knee
ligament rupture and meniscal lesions, vestibular
deficits, persistent lower limb injury (e.g.,
degenerative knee joint changes, unstable ankle, etc.),
history of ankle sprain in the past year, and visible
lower limb malalignment. Inclusion criteria were age
between 16 and 18 years and at least 4 years of regular
basketball experience. Inclusion and exclusion criteria
were checked based on self-report, medical records,
and clinical examinations by a physician blinded to the
study design when necessary. Sample size was
calculated using G*Power statistical software (Version
3.1.9.7, Released March 17, 2020, University of
Disseldorf, Dusseldorf, Germany). From the target
population and based on inclusion/exclusion criteria,
30 eligible individuals were purposefully selected
(based on inclusion criteria) as study subjects and
randomly divided into control (n=15) and
experimental (functional training) groups (n=15).
Initially, necessary information about the purpose and
procedure was given to the subjects. All subjects read
and signed an informed consent form and then became

Journal of Research in Rehabilitation of Sciences/ Vol 20/ April 2024

http://jrrs.mui.ac.ir



Effect of Functional Training on Basketball Player

familiar with the testing procedure.

Demographic information was collected for each
subject, and a health questionnaire was used to assess
lower-limb injury status. After initial familiarization,
subjects were invited to a pre-intervention assessment
(week 1), including knee flexion, ground reaction
force, loading rate, and measurements of height and
body mass. The same procedure was repeated eight
weeks after the intervention.

Instruments

Acthree-axis force plate (Portable Kistler Force plate,
9260AA6, Kistler Instruments, Switzerland) was used
to record and measure ground reaction forces on the
lower limb and to detect initial foot contact. Initial foot
contact was defined as the moment when vertical
ground reaction force exceeded 30 N (21). The force
plate recorded ground reaction force data at 200 Hz (22).

Three-dimensional trajectory data were recorded
using a Qualisys Track Manager Motion analysis
system  (Qualisys  motion  analysis, 41113,
Packhusgatan 6, Qualisys AB, Gothenburg, Sweden),
comprising 6 infrared cameras. An L-shaped frame
with 4 markers and a T-shaped wand with 2 markers
were used to calibrate the cameras. In this study,
calibration was performed with an error accuracy of
less than 0.6 mm (23). Data were sampled at 200 Hz
and recorded digitally.

Testing Procedure

Reflective markers were placed on anatomical
landmarks according to the Helen Hayes marker set.
Markers were attached to the C7 vertebra, left and right
acromion, sternum, left and right anterior superior iliac
spines, left and right posterior superior iliac spines,
sacrum, left and right iliac crests, left and right medial
and lateral knee epicondyles, left and right medial and
lateral malleoli, and first and fifth metatarsal heads and
heels of both feet. Additionally, 4 clusters, each
containing 3 markers attached to diamond-shaped
plates, were fixed to the anterior surfaces of the shank
and thigh using Velcro straps. To improve camera
visibility, clusters were placed at equal distances from
the anterior and lateral surfaces of the subjects' shanks.
This marker placement method is common in many
kinetic and kinematic studies (23).

After  marker placement and complete
familiarization with the testing procedure, the subjects
performed the test. Prior to recording hopping data,
subjects performed a 1-minute static test on the force
plate to align with the laboratory coordinate system.
Each subject's local joint coordinates were aligned
with their standing position to control intra-subject
anatomical variation during the static condition. Initial
marker coordinates were recorded by Qualisys Track
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Manager Software in quiet standing.

After a standard warm-up, subjects performed three
hopping tests, with one minute of rest between each to
limit neuromuscular fatigue. Three successful attempts
were recorded for each subject. Before the test, subjects
practiced the hopping test three times (24).

Ground reaction force data from the force plate and
motion data from cameras were simultaneously
recorded by QTM software.

Data Analysis

The tests taken from participants were converted
from the motion analysis system (Qualysis motion
capture) into 3D files and then, using Mokka software
(3D Motion kinematic and kinetic analyzer, version
0.6.2), into a new Trc file. Another output, in the form
of an ASCII file, was generated by Mokka software
to determine ground reaction forces. Finally, the Trc
file was modeled in the OpenSim software (model
2.0.3, Stanford University, California), and
spatiotemporal parameters and kinematic variables
were determined. Kinetic and kinematic data were
filtered using a low-pass Butterworth filter with a
cutoff frequency of 6 Hz (25).

Peak vertical ground reaction forces (Fz) were
calculated using the ground reaction force data. The
maximum force output from the software was used to
calculate the loading rate and the mean loading rate.

To control for the confounding effect of body
weight, ground reaction forces were divided by each
subject's body weight and treated as a reference
variable. The laboratory coordinate system was such
that the X, Y, and Z axes were anterior-posterior,
medial-lateral, and vertical, respectively. Relative
peak landing force was calculated by dividing the peak
vertical ground reaction force (N) by the subject's net
body weight (NBW).

Loading rate was obtained as the normalized peak
vertical force divided by the time from initial foot
contact to peak force (Equation 1) (26).

Equation 1. Loading rate

peakF,(N)
body weight (N)| _ BW
Time to peak F, T ms

Loading rate =

Training Program

Subjects in the control group continued their normal
basketball training without any specific additional
exercises and without knowing the conditions of the
other subjects. Subjects in the experimental group, in
addition to their regular basketball training, participated
in a functional training program for 8 weeks (3 sessions
per week, each lasting 40-50 minutes, progressive)
under the direct supervision of the tester.
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Table 1. An additional training program in the experimental group, beyond regular training

Awad et al.

Runner's reach 3 x 30 sec 3 x35sec 3 x40 sec 3 x 45 sec
Step-up 3 x 20 reps 3 x 30 reps 3 x 40 reps 3 x 45 reps
Rotational single-leg squat 3 x 20 reps 3 x 30 reps 3 x 40 reps 3 x 45 reps
Medicine ball slam 3 x 20 reps 3 x 30 reps 3 x 40 reps 3 x 45 reps
Wall run at a 45° angle 3 x 20 reps 3 x 30 reps 3 x 40 reps 3 x 45 reps
Vertical jump 3 x 20 reps 3 x 30 reps 3 x 40 reps 3 x 45 reps
Scissor jump 3 x 20 reps 3 x 30 reps 3 x 40 reps 3 x 45 reps
Kettlebell squat 3 x 20 reps 3 x 30 reps 3 x 40 reps 3 x 45 reps

The training program of Santana et al. (27) was
used in this study. Both experimental and control
groups were allowed to perform their normal daily
activities. The researcher supervised all training
sessions for both groups. The training program for the
experimental group is shown in Table 1.

Statistical Analysis: All data were analyzed using
SPSS version 26 (IBM Corp. Released 2018. IBM
SPSS Statistics for Windows, Version 26.0. Armonk,
NY, USA). The Shapiro-Wilk test was used to assess
data distribution in both groups, and a repeated-
measures ANOVA was used to analyze knee flexion
angle, ground reaction force, and loading rate.
Hypothesis testing was performed at a significance
level of 95% with alpha < 0.05.

Results
Demographic characteristics of the 30 basketball
players are presented in Table 2. Mean and standard
deviation of knee flexion angle, ground reaction force,
and loading rate during hopping in both groups in
pre-test and post-test are listed in Table 2.

According to Table 3, the results of the repeated-
measures ANOVA showed a significant difference
between the pretest and posttest for peak vertical
ground reaction force (F=17.61, P<0.001).
Furthermore, the results showed no significant
difference between the two groups (F=19.1, P<0.001).
The time x group interaction (pre vs. post intervention)
was significant (F = 40.7, P < 0.001). For the loading
rate, there was a significant difference between pretest
and posttest (F=24.7, P=0.03). The results also showed
that the time x group interaction was significant
(F = 15.61, P = 0.04). In addition, no significant

difference was found between the two groups (F=4.5,
P=0.3). Repeated-measures ANOVA showed a
significant difference between pretest and posttest for
knee flexion (F=17.7, P=0.03). Moreover, there was a
significant difference between the two groups
(F=14.01, P=0.039), and the time x group interaction
was significant (F=33.7, P=0.01).

Discussion

In this quasi-experimental study, young basketball
players were randomly assigned to two groups, and the
experimental group received an 8-week functional
training program in addition to their regular training.
Functional training reduced ground reaction force and
loading rate and increased knee flexion angle during
hopping. These findings indicate that this training
improves knee muscle activation in participating athletes.

The results of the present study showed that after
eight weeks of functional training, peak ground
reaction force, loading rate, and knee flexion angle
during hopping changed significantly in the
experimental group. In contrast, these measures did not
change significantly in the control group. Increased
impact forces during movements such as hopping and
their repetition predispose the surrounding soft tissues
to structural injury (28). Peak vertical ground reaction
force depends on eccentric muscle activation and
contraction (29). During weight-bearing activities
(e.g., hopping), the lower limb is largely responsible
for absorbing shock at foot contact and reducing the
forces acting on the body (30). Also, to reduce ground
reaction forces, the body must predict the landing and
prepare itself, which is achieved through muscle
contraction (31, 32).

Table 2. Demographic information of subjects in the studied groups

Variable Group Mean = SD tvalue P value

Age (years) Experimental 19.2+3.1 0.95 0.39
Control 20.1+28

Height (cm) Experimental 184.11 £5.44 1.98 0.31
Control 185.13 +4.3

Weight (kg) Experimental 705+5.2 25 0.17
Control 72.3+6.4
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Table 3. Descriptive information and repeated measures ANOVA for study variables

Variable Test Experimental Control Within-group  Between-group  Interaction
session changes

Peak vertical ground Pre-test 22317 21227 F=17.61 F=19.1 F=40.7

reaction force (N/NBW)  Post-test 1.62 +1.31 2.07+£3.9 P<0.001* P<0.001* P<0.001*

Loading rate (1/s) Pre-test 94+19 9.1+11 F=24.7 F=4.5 F=15.6
Post-test 75+13 8909 P=0.03* P=0.3* P=0.04*

Knee flexion (deg) Pre-test 88x21 105+2.1 F=17.7 F=14.01 F=33.7
Post-test 93+13 9.4+0.7 P=0.03* P=0.039* P=0.01*

P <0.05

Pre-landing muscle activation and the associated
contact forces during landing may be interdependent.
The body's inability to produce eccentric and
anticipatory  muscle  contractions  significantly
increases ground reaction forces (33). In other words,
reducing loading rate and forces on body joints
requires a strong muscular system to control them
(34, 35). Studies have shown that various functional
landing conditions alternately participate in energy
absorption and reduction of forces on the body
(23, 35, 36). Reduced proximal muscle activity likely
alters knee load-bearing capacity and may result in
greater knee forces per unit body mass (34, 37). A
2-week landing training program led to a significant
19% reduction in peak landing force per kilogram of
body weight during the first landing phase,
compared with a 1.4% reduction in the control group
(38). The mechanism by which functional training
interventions reduce peak vertical ground reaction
force during drop jumps remains unclear; however,
previous studies have shown that poor trunk
neuromuscular control is associated with increased
valgus, torque, and knee abduction motion (6) and a
higher prevalence of lower limb injury (39). These
kinematic changes are accompanied by increased peak
vertical ground reaction force (40). Conversely,
neuromuscular training, including trunk exercises,
reduces knee abduction torques and valgus collapse
tendency during landing (41).

Loading rate is a measure of the magnitude of
impact applied to tissues (15); an increase in loading
rate indicates a low ability to absorb shock and
indicates high pressure applied to the limb over a short
time (42, 43). Muscles respond to changes in loading
rate or external force magnitude by making appropriate
changes in the magnitude and direction of muscular
forces in a short time. Within 50 ms after initial foot
contact, a shock wave is transmitted into the body due
to energy and momentum exchange from the foot
striking the ground (44). Shocks generated by ground
reaction force impacts can be absorbed and neutralized
by structures such as joint capsules, menisci,
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intervertebral discs, and muscles (44). It is believed
that the muscular mechanism is more important in
shock absorption (44).

In the present study, after eight weeks of functional
training, knee flexion angle increased significantly in
the experimental group. This contradicts Jackson's
findings, which reported a decrease in knee flexion
angle following both plyometric and functional
training (45). This discrepancy may be due to the
limited number of training sessions and the different
sports the subjects play. Athletes can learn new
movement patterns and preprogram them in a safer,
more optimal manner (46). Therefore, it can be inferred
that, in the present study, due to improved feed-forward
muscle activity and the use of a correct hopping
technique, the knee flexion angle increased. As
mentioned earlier, training can increase core stability
and improve muscle activation patterns, so it is expected
that after eight weeks of functional training, knee flexion
angle in the experimental group would be significantly
greater than in the control group.

Limitations
This study had limitations, including age, sex, and
dietary control.

Recommendations
It is suggested that, in a similar study, other influential
factors, such as knee muscle strength and their ratios,
be examined.

Conclusion
The results of the present study showed that eight
weeks of functional training can produce positive
changes in some kinetic and kinematic variables of the
lower limb. These changes included reductions in peak
ground reaction force and loading rate, and an increase
in knee flexion angle during hopping. Based on the
findings of this study, it can be stated that the
functional training, by increasing body stability, likely
improved the muscle recruitment strategy in this
region during hopping. Therefore, it may be concluded
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that functional training can help reduce modifiable risk
factors for ACL injury, including biomechanical and
neuromuscular factors during dynamic movements in
young basketball players.
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