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limb coordination in athletes with and without DKV during walking.

Methods: In this case-control study, 32 recreational female athletes were recruited in two groups,
17 with DKV and 15 without DKV (WDKYV). A motion analysis system was used to gather
kinematic data at 200 Hz. The participants were educated to walk barefoot on an 8-meter pathway
comfortably. The segmental angles in each motion plane were then calculated using MATLAB
software, version 9.14. The mean absolute relative phase (MARP) and deviation phase (DP)
were extracted for the pelvic-thigh, thigh-shank, and shank-foot segments. A two-sample t-test
was used to compare the mean values of the MARP and DP in the gait stance and swing phases.
The significance level is 95% (P<0.05).

Results: Female athletes with DKV displayed distinct intersegmental coordination patterns
between the thigh-shank, pelvis-thigh, and shank-foot in their lower extremities during walking,
which were different compared to athletes without DKV (P<0.05).

Conclusion: This study showed that female athletes with DKV exhibit distinct intersegmental
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Biomechanics, Athletes, : results indicate that for corrective protocols or risk reduction measures for athletes with DKV,
Dynamic knee valgus . significant attention should be paid to the intersegmental coordination patterns of the lower
(DKV), Coordination, . extremity joints. Establishing stabil ity and coordination between the proximal and distal
Intersegmental . segments of all lower limb joints is crucial to address the intersegmental coordination patterns at
coordination patterns i the knee to decrease the risk of ACL injuries in DK V-afflicted athletes.
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e Different intersegmental coordination patterns are observed in lower limbs in dynamic knee valgus (DKV).

e It is crucial to establish coordination between proximal and distal segments.

e For corrective protocols, more attention should be paid to intersegmental coordination patterns.

Plain Language Summary

DKV is a critical risk factor for many lower extremity injuries, particularly for anterior cruciate ligament (ACL)
injury and patellofemoral pain syndrome. Athletes with DKV perform sport-specific tasks with the femur in adduction
and internal rotation, the tibia in abduction, anterior translation, and internal rotation, and the ankle in an inversion
position. In conclusion, the current study demonstrates that female athletes with DKV exhibit distinct intersegmental
coordination patterns in the pelvis-thigh, thigh-shank, and shank-foot during walking. Understanding these
biomechanical alterations can guide the development of targeted interventions aimed at improving lower limb stability,
reducing injury risk, and optimizing athletic performance in female athletes with DKV. Further research is necessary
to explore the causative relationship between these coordination patterns and DKV development, as well as to evaluate

the effectiveness of risk reduction intervention strategies.

Introduction

ynamic knee valgus (DKV) is a significant
risk factor for several lower limb injuries
[1, 2]. In specific, DKV has been identi-
fied as a modifiable risk factor for ante-
rior cruciate ligament (ACL) injuries [3,
4] and patellofemoral pain syndrome [5,
6]. Athletes with DKV perform sport-specific tasks with
the femur in adduction and internal rotation, the tibia in
abduction, anterior translation, and internal rotation, and
the ankle in an inversion position [1]. According to pre-
vious studies, female athletes have a higher probability
than male athletes to land with DKV, increasing the risk
of ACL injury [7, 8]. DKV can result from various fac-
tors, including but not limited to inadequate hip neuro-
muscular control, increased femoral and tibial torsion,
a broader pelvic, and increased midfoot movement [9].

To understand the possible mechanisms of increased
injuries among athletes with DKV, several studies were
conducted to analyze the biomechanics of different
functional tasks [10-14]. For instance, previous stud-
ies showed that people with DKV exhibited improper
movement patterns with a medial knee position, distal
tibial abduction, or valgus knee excursion during sport-
related tasks [10, 13, 14]. Moreover, it has been dem-
onstrated that healthy subjects with a dynamic valgus
alignment showed more lateral compartment stress [12]
and different frontal plane kinematics and kinetics dur-
ing gait [13, 14].

Walking is a dynamic activity that requires exquisite
neuromuscular control that works in coordination with
proprioceptive, vestibular, and visual sensors to gener-
ate coordinated limb movement [15]. Human gait is a
complicated task that requires multi-joint coordination
to move smoothly and maintain balance [15]. Inter-
joint coordination refers to how the movements of two
or more joints are linked together, which highlights the
importance of sequencing and precise timing of neuro-
muscular system control over the degrees of freedom in
the biomechanical system. This coordination is critical
to achieve smooth and effective movement, as it allows
all the joints to work together in a coordinated and syn-
chronized manner [16]. The nervous system must adapt
to alterations in the control strategies, such as intra-limb
coordination, to preserve the effectiveness and smooth-
ness of walking [17, 18].

Coordination is an essential concept in motor control
and biomechanics [19]. Coordination is a nonlinear
method of analysis of dynamics that measures the be-
tween segments magnitude of motion and relative timing
[20, 21]. Examining the relative phase relationship may
also provide quantitative information regarding to how
joint segments are coordinated during movement [20]. In
contrast, the coordination variability of joint couplings
has a crucial role in the formation of optimal move-
ment patterns, opposite to the conventional belief that all
movement variability is undesired [21-23].
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As mentioned above, DKV is a common musculoskele-
tal deviation among female athletes [24]. Moreover, pre-
vious studies showed that athletes with DKV are prone
to experience lower extremity injuries [1, 24]. Therefore,
several studies were conducted to find potential expla-
nations regarding to biomechanical changes underlying
musculoskeletal injuries among athletes with DKV [21-
23]. On the other hand, it has been suggested that coor-
dination is an essential concept in the investigation of
human movement [20, 21]. In addition, no research has
been conducted to investigate the coordination patterns
of the lower extremities during walking in athletes with
DKYV; therefore, this study was conducted to investigate
lower limb coordination during walking in athletes with
and without DKV.

Materials and Methods

This case-control study included 32 recreational female
athletes who volunteered to participate in the research.
The athletes were allocated to two groups, 17 participants
with DKV and 15 participants without DKV (WDKYV).
The convenience sampling method was utilized to recruit
participants. The inclusion criteria included women aged
18-30 years who had consistent physical activity at least
three sessions/weeks for the previous three years. The
DKYV group was determined based on the presence of sig-
nificant knee flexion during single-leg squats (SLS). The
exclusion criteria included having any medical disorder
that limits activity, inability to perform the test, previous
internal surgeries, lower back pain at the time of testing,
transfer or loss of training for at least 3 days in the last
six months due to internal injuries, and physical fitness,
a critical factor according to the New York posture rat-
ing. The Biomedical Research Ethics Board of Allameh
Tabataba’i University approved the research methods be-
fore starting the study, and all participants gave written
informed consent. All participants were wearing sports-
wear and were barefoot during the test.

In this study, the dominant leg was considered as the
one that was used to kick the ball in at least two of three
shots. The dominant leg data was analyzed as research
data. The SLS test is used to identify athletes with DK'V.
The athletes were barefoot and requested to stand on one
leg and bend their knees to 90° while placing their hands
on their hips. The athletes were requested to squat down
with their knees at a 30°angle and hold this position for a
while before returning to their knees. Videos of the SLS
performances were created and analyzed using Kinovea
software, version 0.8.27 to identify the 30" of knee flex-
ion angle. Otherwise, the subject was verbally cued to
adjust their knee flexion during subsequent squats. Each
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athlete was asked to repeat the SLS test three times on
each leg, and the examiners recorded any abnormal
movements, such as the Trendelenburg sign, swinging
of the arms, or valgus collapse of the supported knee.
The SLS test was considered positive if more than two
aberrant motions were observed with the main weight-
bearing leg during the test. All participants scored on the
SLS test; positive results indicated low-grade muscle
weakness, weak core, or weakness of the hip abductors.
Two examiners with more than 3 years of training and
experience in the assessment and rehabilitation of the
neuromusculoskeletal system reviewed the SLS results.

Data collection

A motion analysis system with an eight-camera (from
Motion Analysis Corporation, based in Santa Rosa,
USA) was used to gather kinematic data at 200 Hz. A
total of 24 markers with a diameter of 19 mm that reflect
infrared light were attached to specific bony landmarks.
The landmarks were selected according to visual 3D
guidelines and included the anterior superior iliac spine,
posterior superior iliac spine, iliac crest, medial and
lateral malleolus, lateral and medial femoral condyles,
heels, fifth, second, and first metatarsal heads, and C7
and T10 vertebrae (Figure 1).

The warm-up before the test was considered 10 min-
utes. Before the gait trials, a static standing trial was re-
corded to develop a model. The participants started mov-
ing upon hearing the command “run” from the examiner
while focusing on a fixed point at eye level at the end
of the path to induce a natural gait pattern. The study
participants were instructed to walk unshod on an 8-me-
ter pathway at a comfortable pace that mimicked their
daily walking style. To ensure consistent gait initiation, a
starting point was determined that allowed each partici-
pant to complete four full gait cycles before touching the
force platforms to stabilize their gait speed. The partici-
pants were not under other restrictions, and researchers
collected at least fifteen walking passes at a comfortable
pace to obtain enough data for analysis. A ten-second
break was given between trials. If a participant’s gait be-
havior was deemed insufficiently similar to their daily
walking style, that trial was discarded, and another trial
was performed without notifying the participant. Valid
trials were defined as those where all markers were vis-
ible and identifiable, and ten such valid gait cycles were
chosen for further analysis.
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Figure 1. Placement of the plug-in-gait model
A) Anterior, B) Posterior, C) Lateral views

The collected raw data were filtered using a low-pass,
fourth-order Butterworth filter with a cutoff frequency
of 6 Hz through the Visual3D motion analysis program
(C-Motion, Rockville, MD, USA). The collected trajec-
tory data was filled in if necessary to account for any
gaps. These gaps were usually very small, typically only
2-3 frames wide, and in sporadic cases, up to 10 frames
wide. The gap-filling was done using the Visual3D soft-
ware. An eight-component model of the body was used,
including the pelvis, right and left thighs, shanks, and
feet, all of which were stiff. The segmental angles in
each motion plane were then calculated using the MAT-
LAB software, version 9.14.

Inter-segmental coordination analysis

The high-pass algorithm technique detected the heel-
strike and toe-off events. This technique is known for
its precision and accuracy in recognizing events in
both normal and pathological gaits [25]. In addition,
the researchers visually examined the identified events
to ensure that no events were incorrectly detected due
to missing marker data. The continuous relative phase
(CRP) method was used to evaluate inter-segmental
coordination. A biomechanics expert wrote MATLAB
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software code to analyze the biomechanical data. Each
segmented time series was interpolated to 100% of the
cycle on each path using the cubic spline function. An
experimental mode decomposition algorithm was used
to determine the assumptions to be plotted and the mo-
tor usage of the sinusoidal signal. All empirical modes,
except the lowest frequencies, were used to reconstruct
the time series [26]. The segments’ angular velocity in
three cordinal planes of motion were obtained from the
calculated segment angles using a first central difference
approach [27].

Phase portraits of every segment were estimated to
examine the CRP, by plotting the segment’s normal-
ized angular position (0 [i.norm]) on the x-axis against
the segment’s normalized angular velocity (o [i.norm])
on the y-axis. The data were normalized to reduce in-
dividual variances and lessen the effects of changes in
movement frequencies and amplitudes [26]. The angular
positions were normalized using an equation so that they
were within a range of -1 to 1, with zero at the center (as
shown in Equation 1) [28]. These phase portraits were
then used to investigate the CRP.

_2%[0;min (0)]

0. 1,i=1...100
' max (6)-min (0
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Figure 2. Exemplar phase angle graphical illustration on a phase portrait

During a complete gait cycle, 0, represents the angular
velocity of all 100 interpolated data points.

The angular velocity was normalized based on the
maximum absolute velocity throughout the motion us-
ing Equation 2, and zero represented zero velocity [28]:

2. 0, =ov(max(jo|),i=1...100)

In a full gait cycle wi, represents the angular velocity of
all 100 interpolated data points.

Next, for each data point, the phase angles (¢) through-
out the entire gait cycle were computed using the arctan-
gent function, as shown in Equation 3 [28]:

3. (Pi:tan-1 (('Oi.norm/einonn)

Simply put, the angle is drawn by the positive X-axis of

the phase plot, and the line connecting the origin to each
data point forms the phase angle (Figure 2).

The subsequent step involved computing the CRP,
which demonstrates how two interacting segments are

October 2024. Volume 14. Number 4
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linked throughout the entire performance of a task. By
taking the absolute value of the difference between the
distal and proximal segment phase angles, the CRP
achieved at each point during the gait swing and stance
phases, as shown in the following Equation 4:

4. CRPI.=|(/)1'.Pl.-goi.D/.|

In the equation, the phase angle of the proximal and
distal joints is represented by ?y; and Oy respectively

((pPe]vis-Thigh’ ¢ (Thigh-Shank )° (pShank-Foot)

CRP values close to zero indicate more synchronized
motion, demonstrating that the segments are moving in
the same direction. Conversely, CRP values closer to 180
suggest more out-of-sync motion, meaning that the seg-
ments move in opposite directions [29]. The discontinu-
ity at 0.360 was corrected by subtracting numbers greater
than 180 from 360 [27]. For each connection segment, the
CRP curve was averaged over 10 cycles, and the mean
average curve was calculated for each participant. From
the full curve, two additional parameters were generated,
which were quantified once and tested for differences.
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Table 1. Demographic characteristics of the participants

MeanSD
Variables R
WDKV (n=15) DKV (n=17)

Age (y) 24.0+3.6 22.843.9 0.411

Body mass (kg) 56.917.4 59.0+7.9 0.453
Height (cm) 162.615.2 164.1+7.2 0.506

BMI (kg.m?) 21.5+2.3 21.9+2.6 0.650

TStatistically Significant. PHYSICAL TREAT MENTS

Abbreviations: BMI: Body mass index; DKV: Dynamic knee valgus; WDKV: Without dynamic knee valgus.

The first indicator is the mean absolute relative phase
(MARP), which is calculated by taking the mean val-
ue of all points of the curve in a period (rest phase and
swing phase) as shown in Equation 5:

5.MARP=Y" _|CRP|iP

In the equation, the number of data points during each
phase of the analysis is represented by P. A low and high
MARP values show more synchronization and out-of-
phase oscillation between the segments, respectively [30].

The second parameter, deviation phase (DP), was used
to quantify the coordination variability. It is calculated
by taking the standard deviation points of all CRP curve
points during the swing and stance phases of the walking
cycle (representing different cycles), respectively, shown
in Equation 6:

6.DP=3"_SDp

In the equation, in each phase, the number of data points
is represented by p, and the standard deviation for each
data point is represented by [SD].. A small DP value indi-
cates that the link between the two segment movements
is less likely to vary or that a more consistent pattern of
inter-segment coordination across trials exists [30].

The means for both parameters and segmental relation-
ships during the swing and stance phases were deter-
mined for the group.

Statistical analysis

The collected data was analyzed using SPSS software,
version 24. The normal distribution of the data was tested
using the Shapiro-Wilk test. The means of DP and MARP
values during the stance and swing phases of gait were
compared between two groups using the independent sam-
ples t-test. Throughout this study, a significance level of
0.05 was considered. Additionally, the effect size (ES) was
used to show the clinical significance of mean changes.

Table 2. Comparing MARP and DP between the DKV and WDKV groups over two phases of gait in the pelvis-thigh region

in cardinal planes

MARP-stance MARP-swing DP-stance DP-swing
Variables
MeantSD P ES MeantSD P ES Mean+SD P ES MeantSD P ES
DKV 21.745.2 64.4+8.7 23.5#3.3 20.0+1.4
Sagittal 0232 043 0.282 0.39 <0.001" 2.77 <0.001" 4.17
WDKV 23.7+3.8 61.645.2 15.622.3 30.9+3.4
DKV 36.0+4.3 51.1+6.9 26.5+4.0 29.8+2.9
Frontal <0.001" 2.26 0.518 0.21 0.021° 0.87 <0.001° 2.62
WDKV 44.7+3.3 48.8+13.1 29.2+1.8 22.5+2.6
T DKV 20.1+4.2 19.1+1.2 14.0+2.4 12.0+0.8
Vr:rr;se <0.001" 5.29 <0.001"  6.41 <0.001' 428 <0.001"  4.79
WDKV 37.2+¢1.8 34.613.2 23.1+1.8 20.94£2.5

*P=0.05 is considered to be statistically significant.
ES: Effect size.

PHYSICAL TREATMENTS
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Figure 3. The trunk-pelvis MARP and DP values over the two phases of gait in the DKV and WDKV groups measured in
cardinal planes

Notes: The standard error is shown by error bars. *Significance of mean differences (P<0.05).

Results Pelvis-thigh coordination

Demographic properties of the participants The analysis of pelvis-thigh coordination in cardinal
planes during walking gait showed significant differ-

Table 1 presents the demographic data for the partici- ences in mean DP MARP values between the two groups
pants. No significant between-group difference was in  (P<0.05). Specifically, the means of DP in the stance (fron-
the following parameters, height, body mass, age, and tal [P<0.001], sagittal [P=0.021], and transverse [P<0.001]
body mass index (BMI). planes) and swing phases (frontal [P<0.001], sagittal
[P<0.001], and transverse [P<0.001] planes), as well as the

means of pair MARP in the stance phase (frontal [P<0.001]

Table 3. Comparing MARP and DP between the DKV and WDKYV groups over two phases of gait in the thigh-shank region
in cardinal planes

MARP-stance MARP-swing DP-stance DP-swing
Variables
MeantSD P ES MeantSD P ES MeaniSD P ES MeantSD P ES

DKV 33.5#3.1 15.4+2.9 24.5+5.0 19.9+2.6

Sagittal <0.001" 2.58 <0.001" 6.77 0.106  0.60 0.114 0.59
WDKV  23.8+4.3 34.742.8 22.043.1 21.1+1.2
DKV 17.3+1.2 35.243.5 15.8+1.9 29.1+2.7

Frontal <0.001" 6.89 0.004" 1.14 <0.001" 3.57 <0.001° 3.83
WDKV  33.5#3.1 31.8+2.3 27.04.0 21.3+1.0
DKV 28.0£2.6 14.4+1.0 17.1£1.3 10.8+1.4

Transverse <0.001" 1.47 <0.001° 3.36 <0.001" 1.78 <0.001" 4.57
WDKV  23.2+3.8 29.1+6.1 21.0+2.8 23.9+3.8

"P<0.05 is considered to be statistically significant. PHYSICAL TREA T MENTS

ES: Effect size.

Zamankhanpour M, et al. Altered Coordination in Dynamic Knee Valgus. PTJ. 2024; 14(4):269-282. 275




PHYSICAL TREAT MENTS

PHYSICAL TREATMENTS

Figure 4. The thigh-shank MARP and DP values over the two phases of gait in the DKV and WDKV groups measured in
cardinal planes

The standard error is shown by error bars. ‘Significance of mean differences (P<0.05).

and transverse [P<0.001] planes), and swing phase (trans- (P<0.05). Specifically, the means of DP in the stance

verse [P<0.001] plane) showed statistically substantial dif-
ferences. Figure 3 and Table 2 present these results.

Thigh-shank coordination

(frontal [P<0.001] and transverse [P<0.001] planes)
and swing phases (frontal [P<0.001] and transverse
[P<0.001] planes), as well as the means of pair MARP in
the stance phase (saggital [P<0.001], frontal [P<0.001],

and transverse [P<0.001] planes), and swing phase
(saggital [P<0.001], frontal [P<0.001], and transverse
[P<0.001] planes) showed significant differences. Figure
4 and Table 3 present these results.

The study analyzed thigh-shank coordination in car-
dinal planes during gait and found significant differ-
ences in DP and MARP values between the two groups

Table 4. Comparing MARP and DP between the DKV and WDKYV groups over two phases of gait in the shank-foot region in
cardinal planes

MARP-stance MARP-swing DP-stance DP-swing
Variables
MeanSD P* ES MeantSD P ES MeantSD P ES MeanSD P ES
DKV 22.8+1.7 5.4+1.0 17.8+2.2 19.1+1.4
Sagittal <0.001° 1.91 <0.001° 0.20 <0.001° 1.64 <0.040° 3.12
WDKV  19.9+1.3 30.5+3.3 14.7+1.5 30.845.1
DKV 35.6+4.0 17.3+1.8 30.6+2.0 24.1+3.1

Frontal <0.001" 1.77 <0.001° 0.54 <0.001° 3.02 <0.001° 0.76

WDKV  29.6%2.6 40.0+1.8 22.74#3.1 26.8+3.9
DKV 24.8+2.5 22.0+1.8 20.1+1.3 12.9+2.7
Transverse <0.001" 7.34 <0.001" 541 <0.001" 241 <0.001" 5.96
WDKV  10.4+1.2 43.8+5.4 17.4+0.9 29.0+2.7
"P<0.05 is considered to be statistically significant. PHYSICAL TREATMENTS

ES: Effect size.

|
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Figure 5. The shank-foot MARP and DP values over the two phases of gait in the DKV and WDKV groups measured in

cardinal planes

Notes: The standard error is shown by error bars. * Significance of mean differences (’<0.05).

Shank-foot coordination

The study analyzed thigh-shank coordination in the
cardinal planes during gait and found significant differ-
ences in DP and MARP values between the two groups
(P<0.05). Specifically, the means of DP in the stance
(saggital [P<0.001], frontal [P<0.001], and transverse
[P<0.001] planes) and swing phases (saggital [P=0.040],
frontal [P<0.001], and transverse [P<0.001] planes), as
well as the means of pair MARP in the stance phase
(saggital [P<0.001], frontal [P<0.001], and transverse
[P<0.001] planes), and swing phase (saggital [P<0.001],
frontal [P<0.001], and transverse [P<0.001] planes)
showed significant differences. Figure 5 and Table 4
present these results.

Discussion

This study discovered that female athletes with DKV
displayed distinct intersegmental coordination patterns
between the thigh-shank, pelvis-thigh, and shank-foot
in their lower extremities during walking, compared to
athletes without DK'V.

Female athletes with DKV display distinct pelvic-thigh
coordination patterns in both phases of walking. The cur-
rent results are consistent with other literature, showing

that DKV is associated with biomechanical changes in
athletes [24, 31, 32]. In the stance phase, they show a
significantly greater mean DP in the sagittal plane, in-
dicating increased anterior-posterior movement between
the pelvis and thigh [33, 34], possibly as a compensa-
tory mechanism to accommodate altered lower limb
alignment and provide stability during weight-bearing
activities. However, in the transverse and frontal planes,
DP values are significantly reduced, indicating limited
lateral and rotational stability, which may contribute to
the observed knee valgus alignment [24].

During the swing phase, female athletes with DKV
exhibit higher DP values in the sagittal and transverse
planes in pelvic-thigh coordination, indicating altered
hip flexion and extension dynamics that may influence
overall gait patterns and efficiency. DP values are sig-
nificantly lower in the frontal plane, which can contrib-
ute to DKV by allowing inward knee collapse during the
swing phase [33, 34].

Significant differences were observed in MARP values
in the frontal and transverse planes between the shank
and thigh during both phases of gait. Greater MARP
values in the coronal plane during the stance phase in-
dicate less coordinated movement between the thigh and
shank, which potentially contributes to instability dur-
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ing weight-bearing activities [33, 34] and DKV [31]. In
the swing phase, lower MARP values in the transverse
plane indicate reduced coordination that may affect
proper foot positioning and stability during subsequent
stance, further exacerbating the knee valgus alignment
[33, 34]. Regarding thigh-shank coordination, the cur-
rent study examined thigh-shank coordination in female
athletes with DKV during both phases of walking gait.
During the stance phase, DKV athletes showed a signifi-
cant reduction in mean DP values in the transverse and
frontal planes, indicating decreased coordinated move-
ment between the thigh and shank in lateral and rota-
tional planes [35, 36]. This reduced coordination may be
linked to limited lateral stability and rotational control of
the lower limb [24], potentially contributing to the ob-
served DKV alignment during stance. In addition, dur-
ing the swing phase, DKV athletes exhibited significant-
ly higher DP values in the frontal plane and lower DP
values in the transverse planes, which may demonstrate
a compensatory mechanism to adapt to altered lower
limb mechanics during this phase [31, 32]. However,
the reduced transverse plane coordination during swing
may influence foot positioning and stability during the
subsequent stance phase, potentially impacting the knee
valgus alignment [35, 36].

Moreover, the study identified notable differences in
thigh-shank coordination during the swing phase. DKV
athletes displayed significantly higher MARP values in
the sagittal and transverse planes, indicating altered hip
and knee movement patterns that may affect overall gait
efficiency and potentially contribute to the DKV ob-
served in these athletes. The higher MARP values in the
transverse plane may indicate excessive pelvic rotation
relative to the thigh during the swing, affecting foot po-
sitioning for the subsequent stance phase [35, 36]. Con-
versely, lower MARP values in the frontal plane during
swing indicate reduced coordination between the thigh
and shank, possibly contributing to inward knee collapse
during the swing phase [24], further accentuating the
DKYV in female athletes. These changes may explain the
enhanced risk of sustaining more ACL damage in ath-
letes with developmental knee valgus [1, 37].

The present study investigated shank-foot coordination
in women athletes with DKV during gait. DKV athletes
showed significantly higher DP values in the frontal,
sagittal, and transverse planes in the stance phase, in-
dicating increased movement variability and deviations
between the shank and foot segments [38]. This may be
associated with altered lower limb alignment, potentially
contributing to the DKV observed during stance [38, 39].
Conversely, during the swing phase, DKV athletes ex-
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hibited significantly lower DP values in all three planes,
indicating reduced movement variability and deviations,
potentially as a compensatory mechanism to maintain
stability and control throughout the gait cycle [38, 39]. .

Regarding to MARP values in shank-foot coordination,
DKV athletes displayed significantly higher coordina-
tion and synchronization between these segments in all
planes during the stance phase. This heightened coor-
dination during stance may serve to stabilize the lower
limb and counter the impact of DKV during this phase
[38, 39]. However, during the swing phase, DKV ath-
letes exhibited significantly lower MARP values in all
three planes, indicating reduced coordination and syn-
chronization between the shank and foot segments. This
decreased coordination during swing may influence foot
positioning and overall lower limb stability during the
transition from swing to stance and could be a participat-
ing element to the observed DKV during walking [24,
31, 32].

In summary, the current study provides valuable in-
sights into the intersegmental coordination patterns of
female athletes with DKV during walking. The results
highlight significant differences in thigh-shank, shank-
foot, and pelvic-thigh coordination in cardinal planes
between athletes with and without DKV. These results
can be useful for developing targeted interventions and
training strategies to address the altered coordination
patterns and reduce injury risk in women athletes with
DKV. According to the results of this research, corrective
protocols or preventive measures for athletes with DKV
should be designed to address the coordination patterns
of all the lower extremity joints. Establishing stability
and coordination between the proximal and distal seg-
ments is equally crucial in addressing the biomechanical
changes at the knee to prevent injuries in DK V-afflicted
athletes. However, further study is needed to explore the
causal connection between the observed coordination
patterns and the development of DKV, as well as to vali-
date the effectiveness of potential intervention strategies.

The present study’s results have limitations that empha-
size the necessity for further research to authenticate the
reported results. For instance, the study did not focus on
participants from specific sports disciplines, which makes
it difficult to generalize the findings to all athletes since
different sports have varying requirements. In addition,
the discrepancies in landing mechanics between the two
genders indicate that the results may not apply to male
athletes. Furthermore, the cross-sectional design of the
study leaves the real impact of cognitive load on knee in-
juries yet to be determined by future studies. Moreover,
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participants were asked to walk barefoot to minimize
the potential influence of shoe type on the study results.
However, it is essential to recognize that in real sports sce-
narios, athletes engage in more challenging movements,
such as jumping and landing, and the type of footwear
can significantly affect landing mechanics. Therefore, it is
critical to consider these factors for the application of the
study’s findings in practical sports settings.

Conclusion

In conclusion, the current study demonstrates that fe-
male athletes with DKV exhibit distinct intersegmental
coordination patterns in the pelvis- thigh, shank-foot,
and thigh-shank during walking. Understanding these
biomechanical alterations can guide the development
of targeted interventions aimed at improving lower limb
stability, reducing injury risk, and optimizing athletic per-
formance in female athletes with DKV. Further research
is needed to explore the causal connection between these
coordination patterns and DKV development, as well as
to evaluate the effectiveness of risk reduction interven-
tion strategies.
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