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Purpose: Anterior Cruciate Ligament (ACL) injury is among the most prevalent knee injuries
among young athletes, aged 15-25 and occurs in 70% through a noncontact mechanisms. Medial
Knee Displacement (MKD) is the key risk factor of ACL injury in basketball athletes. The present
study investigated the effect of an MKD corrective exercises program on knee kinematics during
Drop Vertical Jump (DVJ), and its performance in male basketball players.
Methods: The study participants consisted of 32 male basketball players (Mean±SD age:
20.8±1.7 years, weight 74.0±5.2 kg, height 183.9±5.0 cm, body mass index 21.86±1.19 kg/
m2, and experience 8.75±1.42 years) with MKD during Double Leg Squat (DLS) test. The
subjects were randomly placed into two groups (training, n=16, control, n=16). Training
group participated in 10 sessions of the corrective exercise program. Pre-test and post-test
assessments included knee kinematic during DVJ and performance test (Y balance and hop)
in the dominant leg.
Results: The analysis of covariance test results revealed that the effects of the Pre-test, as
well as the effects of groups on the post-test variables in the training group, were statistically
significant (P<0.01) for all variables, except for knee flexion angle. Additionally, the training
group experienced significant improvements (P<0.01) in kinematic variables during DVJ, such
as reduced MKD in the pre-land frame (4.32º) and reduced MKD in a land frame (5.51º). They
also indicated significant improvements (P<0.01) in performance variables, such as increased
total Y balance test (3.33 cm), increased single hop test (13.25 cm), increased triple hop test
(22.25 cm), increased crossover hop test (19.81 cm), and reduced (0.23 s) 6 meter timed hop
test scores.
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Conclusion: Due to the correction key risk factors of noncontact ACL injury Medial Knee
Displacement (MKD), improved landing kinematic and increased performance, it seems that
in male basketball players with MKD, this corrective exercises program can help to prevent
noncontact knee injuries caused by MKD during functional activities like DVJ; it can also help
to improve performance.
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Highlights
● The corrective exercises can improve landing kinematic and increase performance in male basketball players with
medial knee displacement.
● This exercises program can prevent noncontact knee injuries caused by medial knee displacement during functional
activities like drop vertical jump.

Plain Language Summary
The purpose of this study was to investigate the eﬀect of correction of medial knee displacement during drop vertical jump on the performance of male basketball athletes. After participating in 10 sessions of the corrective exercise
program, the basketball players experienced significant improvements in kinematic variables during drop vertical jump
(such as reduced medial knee displacement) and also significant improvements in performance variables. The implications of this study might suggest that personal trainers, coaches, and basketball players employ this corrective exercise
program to improve knee kinematic during drop vertical jump and enhance athletes’ performance.

T

1. Introduction

he placement of knee joint at the midpoint of lower extremity kinetic chain
imposes excessive pressure to the knee
in sport tasks, especially during weightbearing activities [1]. The specific mechanical behavior of the proximal and
distal structures of the knee joint determines the correct
or incorrect distribution of the forces imposed on the
knee musculoskeletal system [1]. Accordingly, the ability of an athlete to maintain the correct alignment of the
lower extremities segment through different movement
planes can be a key risk factor for knee injuries during
sports activities [1]. The dysfunction of lower extremity
neuromuscular control can increase the amount of knee
valgus and lead to Anterior Cruciate Ligament (ACL)
injuries [2]. In other words, neuromuscular dysfunction
is the most important risk factor for noncontact ACL
injuries in basketball athletes [2]. During sports activities, it increases the load on the lower extremities joints
and causes ACL injuries [2].
The incidence of sports injuries was evaluated in college athletes from 1993 to 2013. The obtained data suggested that the most common injuries in indoor sports
such as basketball and volleyball were ACL sprain; these
had the highest number of cases treated with surgery
and a longer average withdrawal time [3]. In addition
to the high cost of treatment, ACL injuries result in the
loss of sports participation and even losing season; they
also create secondary injuries such as osteoarthritis (an
increase of more than 10 times), meniscal tear, as well
as psychological problems in athletes [4]. At least two-
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thirds of ACL sprains occur during noncontact situations
such as cutting, pivoting, accelerating, decelerating, and
landing from a jump [5]. The prevalence of ACL sprain is
68.6 per 100000 person-years. It is higher in males (81.7
vs. 55.3 per 100,000); also the peak incidence in males
is between 19 and 25 years [6]. It seems that the effect of
preventive exercise programs on ACL injury depends on
the field of sport. Because these programs cannot reduce
the incidence of ACL injuries in basketball, but decrease
those by 24% in football [7]. The mechanism of injury
may be responsible for achieving the conflicting results
of a preventive exercise program in various sports fields.
This is because the mechanism of ACL injury in football
is often due to contact between players; however, in basketball, it often occurs by noncontact mechanisms, and it
is caused by frequent jumps and lands [8].
Studies have reported that 22% of America’s National
Basketball League players have not been able to return
to competition after ACL injury; 44% of basketball
players who returned to competition, have demonstrated reduced efficiency in professional performance
[8]. Moreover, an ACL injury is the most severe basketball injury [9]. In addition to the high cost of ACL
treatment, this injury results in secondary injuries like
osteoarthritis in basketball players [4]. These factors
have led researchers to develop programs to prevent
ACL injury in basketball players and identify athletes
at higher risks of it. Many studies investigated the neuromuscular deficiencies, mechanisms and the impact of
exercise interventions on ACL injury [10-12]. Different
ACL injury mechanisms have been reported; the most
common mechanism is the frontal plane [12]. Hewett
et al. in the video analysis of athlete injuries identi-
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fied 4 neuromuscular imbalances as the underlying
mechanisms of noncontact ACL injuries; they included
ligament dominance, quadriceps dominance, leg dominance, and trunk dominance [13]. In this study, among
the common mechanisms, ligament dominance was selected due to its strong correlations with a noncontact
ACL injury in basketball players (r2=0.88) [14].
The evaluation of risk factors for knee injuries by the threedimensional inverse dynamic method requires expensive and
time-consuming laboratory techniques; thus, not all athletes
can be evaluated by this method. Double Leg Squat (DLS)
test is very practical and can be performed easily. Researchers
can use the DLS test to screen neuromuscular imbalances in
athletes [15, 16]. They also used the DLS test for screening
basketball players. According to the literature review, only
one study was found that after identifying athletes with Medial
Knee Displacement (MKD), investigated the effect of MKD
corrective exercises program on the modulation of the kinematic factors of ACL injuries in basketball players [15]. In that
study, only the effect of corrective exercises on the modification of some kinematic factors in female athletes during DLS
test was investigated [15]. However, male basketball players
were not investigated. It was also suggested to investigate the
effect of MKD corrective exercises program during higher demand tasks like drop jump. Accordingly, the present study was
conducted to investigate the effect of MKD corrective exercises program on knee kinematics during Drop Vertical Jump
(DVJ) and performance in male basketball athletes.

2. Materials and Methods
Among male basketball athletes in Guilan Province,
Iran, 32 players (training group=16, control group=16)
with MKD who agreed to participate in the study were
selected as subjects. The sample size was calculated
based on the pilot study and previous literature [15]. Inclusion criteria consisted of 18-25 years of age, having
at least a 5-year background of regular basketball practice, exercising at least 3 sessions per week, having normal body mass index (20-25 kg/m2), MKD during DLS
and correction MKD when heel lifts. Exclusion criteria
consisted of an obvious deformity in the lower extremity (excessive anteversion, genu varum, genu valgum,
tibial torsion, & flatfoot), histories of trunk and lower
extremity surgeries, sustainable lower extremity injury
(e.g. knee degenerative changes and ankle instability),
a history of ACL injury or severe lower extremity injury
during the past year, and participation in ACL injury prevention exercise programs.
The information about the purpose and methodology of the research was provided to the athletes; they

all provided informed consent before participation in the
study. Demographic data, medical history and sports history of the subjects were collected using a questionnaire;
then, the anatomical and anthropometric variables were
measured. All measurements were conducted in Corrective Exercise Research Laboratory of the University of
Guilan. After introducing and describing the performance
tests (Y balance test, single hop test, triple hop test, crossover hop test and 6-meter timed hop test) DLS test, DVJ
test, and a 10-minute warm-up were performed.
In the Pre-test, all of the above tests were recorded in
three correct attempts. Then, the control group continued
their usual daily activities without any special training.
The training group participated in a 10-session corrective exercises program. Most subjects completed three
sessions per week, and all of them practiced in at least 2
sessions per week. Each training session lasted about 45
minutes. Finally, after completing the corrective exercise
program, performance tests and DVJ test were performed
for all athletes, similar to the first session conditions.
Double Leg Squat (DLS) Test
All basketball players were screened by DLS test (Figure 1) which consisted of 5 squats in standardized position (feet shoulder width apart, toes straight ahead, hands
overhead with elbows locked). All athletes had visually
identified MKD that was corrected when the second set
of 5 squats was performed on heel lifts. MKD was considered present when the midpoint of the patella passed
medial to the great toe in 3 of 5 squats [15, 17]. Heel lifts
when performing DLS was used to distinguish muscle
imbalance in the hip and ankle joints. If MKD corrected
when lifting the heel, the athlete was recognized as having weakness and stiffness of the ankle muscles [15, 17].
Performance tests
Performance tests consisted of Y balance test, single hop
test, triple hop test, crossover hop test, and 6-meter timed
hop test. Y balance test is valid and reliable (validity: 0.81
to 0.96 & reliability: 0.79 to 0.91) to quantify dynamic
postural control [18, 19]. Y balance test consists of 3 trials
in each direction. In each trial, the athletes were instructed
to reach as far as they could; then, return to the starting
point while maintaining balance. In each reach trial, the
maximum reach distance was recorded. Reach distances
were normalized to each athletes’ leg length. Normalized
composite reach distance was computed as the sum of
maximum reach distances in the 3 directions, divided by 3
times the limb length, and multiplied by 100 [18].
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A

B

C

Figure 1. DLS Test
A. Normal position; B. MKD position; C. Correction MKD.

Hop tests, like other tests, were performed in the basketball court. Two measuring tapes were fixed to the surface;
one start line and another 6-meter line. Limb dominance
was determined by asking athletes which limb they would
use to kick a ball. To familiarize them with the hop test,
athletes were requested to perform one submaximal trial
of the first hop. Then, they performed three maximal trials that were recorded. The average value of the three trials
was used for statistical analysis. The study participants had
approximately 30 seconds rest between trials and approximately a minute rest between the tests [19, 20].
In triple crossover hop test, the athletes were requested
to perform three crossover hops on one leg and control
and hold the landing of the third hop for 3 seconds. In the
triple hop test, the athletes performed three straight hops
on one leg and control and hold the landing of the third
hop for 3 seconds. The final score was equal to the sum
of the distance of three hops. In the 6-meter timed hop
test, the athletes performed 6-meter hops on one leg whit
maximum speed. The final score was equal to the sum of
the time duration of the 6-meter hops [19, 20].
Drop Vertical Jump (DVJ) Test
A

To perform the DVJ test (Figure 2), athletes started on
top of a box (30 cm height) with feet positioned 35 cm
apart. The athletes were instructed to drop directly down
the box and immediately perform a maximum vertical
jump, raising both arms as if they were jumping for a
basketball rebound. Three successful trials were recorded
for each subject [21]. The athletes performed jumping off
the box, landing, and immediately performing a maximum vertical jump. This sequence was repeated 3 times.
After the completion of the test, the researcher viewed
all 3 trials, and the one that best represented the athlete’s
jumping ability was selected for kinematic assessment.
Kinematic assessment
DVJ kinematic were recorded by two cameras (Casio
Japan, model CASIO-Ex-F1), with the ability to shoot
300 frames per second, and were evaluated using the
Kinovea software. Cameras equipped with a memory
stick were placed on a stand (110 cm height). The stand
was positioned at 385 cm in front of a box (30 cm height).
Furthermore, a Velcro circle (2.5 cm) was placed on each
of the 8 corners of the box that faced the two cameras. A
camera was used for measuring the frontal plane (MKD)

B

C

Figure 2. DVJ Test
A. Start position; B. Drop from the box; C. Maximum vertical jump
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Figure 3. DVJ kinematics
A. Pre-land frame; B. Land frame; C. MDK and knee flexion in a pre-land frame; D. MDK and knee flexion in a land frame
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Table 1. The theoretical application of the applied corrective exercise program
Exercise Sequence

Muscles That Contributed in MKD

Inhibit overactive muscles

Gastrocnemius, lateral hamstring, adductors

Lengthen tight muscles

Gastrocnemius, soleus, lateral hamstring, adductors

Strengthen weak muscles

Medial gastrocnemius, medial hamstring, tibialis posterior

Integration exercise

and another one to assess the sagittal plane (knee flexion). Reflective markers were placed on both the right
and left legs at the center of the mid-femur, the center
of the patella, and the center of the talocrural joint for
measuring MKD, as well as greater trochanter, lateral
malleolus, and the center of each patella for measuring
knee flexion. By advancing the video frame, two images were selected (pre-land, land).
The pre-land frame consisted of the frame in which the
athlete’s toes just touched the ground after the jump off
from the box, and land frame consisted of the frame in
which the athlete was at the deepest point. The pre-land
frame was selected to represent the most fully extended
position of the knee, and the land frame was selected because it represented the most out-of-control position during landing, and it was the deepest point of knee flexion.
Then, the MKD angle and knee flexion were calculated
in the frame pre-land and land frames. The synchronization of cameras was conducted using Kinovea software
(Figure 3) [22, 23].
Corrective exercises program
Bell et al. applied corrective exercises protocol developed based on the National Academy of Sports Medicine Essentials of Corrective Exercise Training textbook
[15, 24]. Corrective exercises program was used to correct lower extremity alignments during functional tasks.
Each athlete in the training group completed 10 exercise
sessions in a 3-week period. All of them practiced in at
least 2 sessions per week and each exercise session lasted about 45 minutes. In each session, exercises became
more challenging with increasing sets, repetitions, or resistance or shifting to a new exercise. In this corrective
exercise program, 5 exercises were focused on hip joint
muscle and 5 on the ankle joint muscle.
Corrective exercises protocol was performed in a specific sequence that included inhibiting overactive muscles,
lengthening tight muscles, strengthening weak muscles,
and integrative exercise (Table 1, Figure 4). If athletes
indicated that an exercise was becoming easier, a progression was made during the next session. Training group
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athletes completed 10 exercise sessions in 3 weeks. Posttesting in both groups was performed at 1 to 2 days after
the final exercise session.
Equality of variance by Levene’s test (Table 2) and normal
distribution of data by Shapiro-Wilks are provided in Table 2.
To determine the differences between the mean scores of the research variables, before and after conducting the corrective exercise program, the Paired-Samples t-test was used (Figure 5). To
examine the effects of Pre-test and the effects of groups on the
post-test variables in the training group, Analysis of Covariance
(ANCOVA) was used (Table 2). After ensuring the normality
of the data for each variable, the obtained data were analyzed
by SPSS. The significance level was set at P<0.05. Descriptive
statistics were performed on all data. Mean±SD scores for all
variables are listed in Table 3.

3. Results
The ANCOVA results indicated that the effects of the
Pre-test, as well as the effects of groups on the post-test
variables in training group, were significant (P<0.01) for
all variables, except for the effects of groups on knee
flexion angle. Moreover, Paired-Samples t-test suggested that after participation in corrective exercises
program, the training groups experienced significant
improvements (P<0.01) in kinematic variables during
DVJ; reduced MKD in the pre-land frame (4.32 degree), reduced MKD in the land frame (6.51 degrees).
Additionally, significant improvement was observed in
performance variables (P<0.01); increased total Y balance test (3/33 cm), increased single hop test (13/25 cm),
increased triple hop test (22/25 cm), increased crossover
hop test (19/81 cm), and reduced (0.23 s) 6-meter timed
hop test (Table 2 and 3).

4. Discussion
Participation in this corrective exercises program can
result in a significant reduction (P<0.01) in the mean
MKD value at initial contact (from 12.45° to 8.13°), and
at maximum knee flexion (from 16.16° to 10.67°) during
DVJ. Furthermore, the mean value of the maximum knee
flexion (from 95.00° to 97.73°) and the mean score of the
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Table 2. ICC, the equality of variance (Levene’s test) and the effects of pre-test and the effects of groups on the post-test

Variable

ICC

Levene’s Test

Pre-Test Effects

Training Effects

Paired-Samples T-Test
Control

Training

Sig.

F

Sig.

F

Sig.

F

Sig.

Sig.

Y Balance total

0.88

0.41

1.89

0.01

0.88

0.01

0.82

0.80

0.01

Single hop

0.92

0.16

2.01

0.01

0.98

0.01

0.87

0.29

0.01

Triple hop

0.85

0.20

1.72

0.01

0.98

0.01

0.89

0.29

0.01

Crossover hop

0.84

0.43

1.90

0.01

0.99

0.01

0.75

0.62

0.01

6-meter timed hop

0.87

0.62

0.25

0.01

0.98

0.01

0.95

0.57

0.01

MKD (pre-land frame)

0.91

0.70

0.14

0.01

0.62

0.01

0.71

0.16

0.01

MKD (land frame)

0.94

0.37

0.83

0.01

0.77

0.01

0.86

0.18

0.01

Flexion (pre-land frame)

0.91

0.11

2.57

0.01

0.66

0.53

0.05

0.15

0.85

Flexion (land frame)

0.95

0.06

3.98

0.01

0.61

0.92

0.01

0.63

0.03

knee flexion in the initial contact (from 30.13° to 30.26°) increased; however, that was not statistically significant. These
results are consistent with some studies and inconsistent with
some other. Herrington reported that 4 weeks of plyometric
training can significantly reduce the mean knee valgus angle
during drop jump in the left (9.8°), and right (12.3°) legs; and
during the jump shot, in the left (4.5°) and the right (4.3°) legs
in basketball players [25].
Kato reported that two weeks of neuromuscular training significantly reduced the peak knee angle in the
coronal plane (from 9.36° to 1.15°) in basketball players [26]. In a different study on high school players, a
significant reduction was observed in the mean MKD
values after sports-metric exercises in basketball (6 cm)
[22], volleyball (4.8 cm) [27], female basketball (13.3

cm) [28], and soccer (8.5 cm) [29] players. In contrast,
many other studies reported the insignificant effect of
training interventions on MKD improvement during
the landing task [19, 21, 31, 32].
In most studies, plyometric or balance training programs were conducted on targeted hip muscle groups.
However, the present intervention program mostly focused on ankle joint strength and flexibility. Therefore,
it is recommended that ankle training be included as
part of a comprehensive program in MKD exercise interventions. Furthermore, in the present study, subjects
with MKD were selected. But in the previous research
[19, 21, 31-33], regardless of whether the subject has a
neuromuscular impairment or not, the exercise protocol
was applied.

Table 3. The demographic data of all athletes in the training and control groups

Variable

Mean±SD
Train=16

Cont=16

All=32

Age (y)

20.6±1.9

21.0±1.6

20.8±1.7

Weight (kg)

74.8±5.8

73.3±4.5

74.0±5.2

Height (m)

1.84±0.05

1.83±0.04

1.83±0.50

BMI (kg/m2)

22.0±1.2

21.6±1.1

21.8±1.1

Background

8.6±1.4

8.8±1.4

8.7±1.4
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Inhibit overactive muscles

Lenghen tight muscles

Stregthen weak muscles

Finish

Start

Finish

Start

Finish

Start

Intergration exercise

Figure 4. Corrective exercises program
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TRAINING

510.18
487.93

Post test

8.13

11.8

12.53

TRAINING

12.45

491.75

Pre test

Pre test

TRAINING

Post test
10.67

16.16

CONTROL

17.33

F

17.06

97.73

Post test

490.81

Triple Hop

CONTROL

MKD (PRE-LAND)

TRAINING

95

101.06

CONTROL

C

MKD (LAND FRAME)

2.43
2.21

H

Pre test

100.33

FLEXION(LAND FRAME)

CONTROL

post test

171.31

Post test

2.39

2.39

6meter Timed Hop

TRAINING

158.06

160.87

160.31

Single Hop

96.32

30.13

CONTROL

30.26

385.68

386.81
34.33

Post test

E

Pre test

Post test

CONTROL TRAINING

Pre test

TRAINING

Pre test
32.13

B

post test

CONTROL
FLEXION (PRE-LAND)

G

Pre test

TRAINING

385.12

Crossover Hop

pre test

D

92.99

CONTROL

396.62

A

Post test

93.59

93.53

Y Balance Total

Pretest

I

CONTROL

TRAINING

Figure 4. Mean±SD of study variables
A. Total Y balance; B. Single hop; C. Triple hop; D. Crossover hop; E. 6-meter timed hop; F. Pre-land MKD; G. Land MKD; H.
Pre-land flexion; and I. Land flexion

A prospective study was performed on neuromuscular control kinematics during a jump-landing task in
205 athletes (soccer, basketball, and volleyball). The
achieved data demonstrated that athletes with increased
dynamic knee valgus are at the increased risk of ACL
injury. This is because MKD angle at landing was 8°
greater in ACL-injured, compared to uninjured athletes
(P<0.05) [2]. The video analysis of knee motion during
noncontact ACL injury in basketball athletes during a
12-year period (1995 to 2007) introduced MKD as the
most important component of ACL injury mechanism
[32]. In this study, after participation in the corrective
exercise program, the mean MKD angle demonstrated
a significant reduction (P<0.01) at initial contact (4.32)
and at maximum knee flexion (6.51) during DVJ;
therefore, the corrective exercise protocol of the present study could be successful in preventing the knee injuries of basketball athletes with dynamic knee valgus.
The protocol of the present study consisted of 4 techniques, as follows: release technique to inhibit overactive

muscles and release stress or reduce the excessive activity of
neuromyofascial tissues; stretching technique to lengthen
tight muscles, and increase elasticity, length, and the range
of motion of tissues with stiffness; strengthening techniques
to reinforce weak muscles and retrain or enhance the activation of low-active tissues; and integrative exercise techniques
to retrain the synergistic collective action of all the muscles
by progressive functional movements [24]. Inhibiting overactive muscles was performed for lateral gastrocnemius, lateral
hamstring (biceps femoris), and adductors muscles. Lengthening tight muscles was performed for lateral gastrocnemius,
soleus, lateral biceps femoris, and adductors muscles.
Strengthening weak muscles was performed for medial
gastrocnemius, medial hamstring (semimembranosus,
semitendinosus), and tibialis posterior muscles. Finally,
integrative techniques were conducted with the purpose
of retraining the synergistic collective action of all the
muscles [15]. Two exercises of three strengthening weak
muscles (heel raise and medial hamstring) are similar to
DVJ activity and are predominantly performed on the
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sagittal plane. All of the integrative exercises (e.g. single leg balance, single leg hop) are also predominantly
performed on the sagittal plane. During integrative exercises, retraining the synergistic collective action of
all the muscles can lead to the transfer improvement of
the distal (ankle) and proximal (hip) joints to the knees,
which may also improve knee alignment in the sagittal
plane and reduce MKD (dynamic knee valgus) [15, 24].
In a different study, significant increases in mean knee
flexion values at initial contact and maximum knee flexion during DVJ after an exercise program have been reported. Those included significant increases in the mean
knee flexion value at initial contact from 29 to 35 in soccer and basketball players [19], and from 27.2 to 28.5
in recreational athletes [30]. In addition, significant increases in the mean maximum knee flexion values from
81 to 86 in soccer and basketball players, and from 92.6
to 94.2 in basketball athletes have been detected [19, 33,
34]. In contrast, many other studies reported that exercise programs have no significant effects on knee flexion
improvement during landing task [26, 30, 35].
In this study, the increased mean value of maximum
knee flexion from 95.00° to 97.73° was not statistically
significant. Another key mechanism of an ACL injury is
landing with knee extension [12]. Because the landing
with knee position is close to full extension, increased
tibia anterior shear force during landing, and can result
in ACL rupture [36]. Knee flexion angles were investigated in this study, despite the fact that the exercise
protocol was designed to correct MKD. It seems that
basketball players’ MKD resulted from the weakness
and stiffness of the ankle muscles. The exercises protocol was designed to correct it. Moreover, basketball
players had no quadriceps dominance; therefore, the
studied corrective exercise program had no significant
effect (P=0.85) on knee flexion during DVJ.
The studied basketball players demonstrated significant improvements (P<0.01) in performance variables
such as increased total Y balance test score (3.33 cm),
increased single hop test distance (13.25 cm), increased
triple hop test distance (22.25 cm), increased crossover hop test distance (19.81 cm), and reduced (0.23 s)
6-meter timed hop test scores. In a different study, significant increases in balance and hop test after intervention training have been reported [19, 25, 37-40]. They
included significantly improved balance in high school
basketball players, handball players, competitive junior
tennis players, and significant improvements in hop test
like increased single-leg triple crossover hop distance
(110-111 cm) in basketball players, increased single-leg
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triple crossover hop distance (right 36.3 cm and left 36.1
cm) in junior tennis players, and significant reduction in
6-meter timed hop test scores (left 0.14 s and right 0.17
s) in soccer and basketball players, and increased singleleg hop distance (right 10.39 cm and left 8.53 cm) in basketball, soccer, and volleyball players [19, 25, 37-40].
In this study, the final stage of corrective exercises
were integrative exercise techniques. These exercises
were performed to retrain the synergistic collective
action of all muscles; therefore, retrain the motor system to functional movements pattern (retaining knee
position on the frontal plate and modifying the MKD).
The use of multi-joint exercise by helping to restore
neuromuscular control can improve the coordination
among activated muscles [24]. Performing dynamic
integrative exercises (i.e. balance and hop) by enhancing the multi-plane muscle control, improved the functional capacity of the motor system. To achieve desirable multi-articular movements (e.g. hop and balance
tests in this study), higher muscular coordination is required; moreover, performing these exercises increases
muscle coordination [41]. Overall, in the present study,
improvements in performance (balance and hop) after
conducting corrective exercises were expected because
these tests were part of the exercise program.
According to the literature, pilot study and initial
screening, the studied basketball players had stiffness
in lateral gastrocnemius, soleus, biceps femoris, and
adductors muscles, and had weakness in medial gastrocnemius, medial hamstring, and tibialis posterior
muscles, due to MKD [15-17]. Heel raise during DLS
resulted in ankle plantarflexion position and increased
the ankle dorsiflexion range of motion during DLS
[16]. Due to modifying the restriction of dorsiflexion
range of motion, the DLS knee can remain in the direction of the toes. Lower leg muscles imbalance, like the
ankle muscle stiffness (lateral gastrocnemius, soleus,
peroneal), can result in the abduction and external rotation of the tibia and consequently dynamic knee valgus.
In addition, the weakness of the medial gastrocnemius
and tibialis anterior and tibialis resulted in reduced
knee valgus motion and ability to control foot pronation, and consequently excessive MKD [15-17, 41].
The corrective exercise protocol of the present study,
in addition to modifying the MKD, improves the performance of basketball players. It can help to prevent
noncontact ACL injury as well as other associated knee
and ankle noncontact injuries occurring due to the MKD.
This is because the training group experienced a better
landing kinematic and improved MKD during the DVJ.
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The modified kinematics DVJ can improve the key risk
factors of a noncontact knee injury and can help to prevent lower extremity injury in basketball players with
dynamic knee valgus.
We investigated the effect of a selected corrective exercises program. These exercises can significantly improve
the kinematic of the knee during DVJ and performance.
Due to MKD correction which is the key risk factors of
noncontact ACL injury, we observed improvements in
landing kinematic and performance; thus, male basketball players with MKD may benefit from this corrective
exercises program to prevent noncontact knee injuries
caused by MKD during a functional activity like DVJ. It
can also help improve their performance.

Ethical Considerations
Compliance with ethical guidelines
All athletes read and signed a written informed consent
before testing and completing a detailed injury history.
The study participants were informed about the purpose
of the research and its implementation stages; they were
also assured about the confidentiality of their information. Moreover, they were allowed to discontinue the
study whenever they wished, and if desired, the results
of the research would be available to them.
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