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Research Paper
Effects of Sensorimotor Training With Visual 
Feedback on Knee Joint Alignment in Women With 
Dynamic Knee Valgus

Purpose: This study aims to investigate the effects of an eight-week sensorimotor training 
(SMT) program with visual feedback (VF) on knee joint proprioception and alignment in women 
with dynamic knee valgus (DKV).

Methods: In this quasi-experimental study, 30 women with DKV were selected and randomly 
divided into two groups (intervention and control groups) of 15 participants each. The intervention 
group underwent an eight-week VF-based SMT program consisting of three sessions lasting 
60 minutes each week. Meanwhile, the control group continued with their daily routine during 
this period. After the training, all participants’ knee joint proprioception and alignment were 
assessed using the single-leg squat test (SLST) and single-leg landing test (SLLT). The results 
were analyzed using the analysis of covariance (ANCOVA) in the IBM SPSS Statistics software, 
version 26, with a significance level of P<0.05.

Results: The analysis of covariance (ANCOVA) results indicated a significant improvement in 
proprioception (P=0.038) and knee alignment (P=0.001) in the intervention group compared to 
the control group.

Conclusion: The study suggests that practicing SMT with VF can enhance knee joint 
proprioception and alignment in women with DKV.
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Introduction

he knee joint is commonly considered 
a hinge-type joint with two degrees of 
freedom, flexion extension, and internal-
external rotation [1]. Dynamic knee val-
gus (DKV) is the term used to describe 
the misalignment of the knee joint that 

occurs in the frontal plane. This misalignment can be 
caused by excessive femoral adduction, internal rotation, 
tibial abduction, and external rotation [2, 3]. This condi-
tion represents the kinematic changes in the thigh, knee, 
and ankle [4], induced by multiple factors, including in-
creased femoral anteversion and tibial torsion, reduced 
hip abductor muscle strength, uncontrolled muscles of 
the lower pelvic area, more tibial mobility, a wider pel-
vis, and an excessive Q angle [5]. DKV has also been 
introduced as the leading cause of anterior cruciate liga-
ment (ACL) injury [6]. Thus far, few studies have ex-
plored the prevalence rate of this movement impairment 
and its relationship with lower extremity mobility, knee 
pain, and gender; however, some reports have revealed 
a higher prevalence rate in women and adolescents than 
men and adults [1, 2, 7].

Impaired proprioception has been observed to be a 
significant manifestation after DKV [8]. Proprioception 
is the key component of the sensorimotor (SM) system, 
sourced mainly from muscle spindles. It plays a signifi-
cant role in understanding the spatial and biomechanical 
position of different body parts [9]. It can also expand the 
strength and stability of the lower extremities [10]. DKV 
complications include improper dynamic control of body 
parts and the inability to control the trunk, pelvis, knees, 
and ankles in the frontal and horizontal planes [11].

This condition is one of the most common risk factors 
to predict acute injuries and those caused by lower ex-
tremity overuse, such as patellofemoral pain syndrome 
(PFPS), ACL injury, meniscus tear (or the knee cartilage 
damage), iliotibial band syndrome (ITBS), knee osteoar-
thritis (KOA), and a medial collateral ligament (MCL) 
injury [4]. Among these, ACL injury is a significant con-
cern, causing short- and long-term recovery episodes 
and substantial financial burdens. A higher possibility of 
re-injuries, negative psychological effects, increased risk 
of KOA, and decreased sports performance have also 
been presented among the consequences of knee-related 
injuries in female athletes [6]. On the other hand, DKV 
causes patellar instability, which means that overloading 
due to increased activity adds to the pressure on the knee 
joint and causes PFPS [12].

Various exercise programs have been used to reha-
bilitate DKV, including sportometric [6], plyometric 
[4, 13, 14], neuromuscular [15], corrective [8, 16], and 
strengthening [11] exercises, each with their advantages. 
SM training (SMT) combines balance and propriocep-
tive exercises commonly used for rehabilitation [9]. The 
exercises aim to fix muscle imbalance, improve bal-
ance, and enhance the functions of the neuromuscular 
and proprioceptive systems. Some studies have even 
utilized such exercises to manage pain, improve typical 
functions in patients with chronic musculoskeletal pain, 
correct muscle imbalance, and increase postural control. 
This training program has been accordingly designed 
based on a series of exercises to challenge the SM system 
[9, 17], which helps boost functional adaptation in the 
neuromuscular system and leads to better intramuscular 
coordination, balance control, augmented propriocep-
tion, and lower postural fluctuations, and subsequently 

T

Highlights 

• Sensorimotor training (SMT) with visual feedback (VF) improved knee alignment in women with dynamic knee 
valgus (DKV).

• SMT with VF improved joint proprioception in women with DKV.

• VF is recommended while doing exercises.

Plain Language Summary 

DKV is the cause of many lower limb injuries. Therapeutic exercise is one way to correct DKV. It has been found that 
exercising in front of a mirror, which provides VF, can enhance the effectiveness of the exercises. This study investigat-
ed the impact of mirror-facing sensorimotor exercises on knee alignment and joint proprioception. The results revealed 
that performing sensorimotor exercises in front of a mirror enhances knee joint alignment and joint proprioception.
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reduced injuries [9, 18]. The basic concept raised in this 
training program is attaching greater importance to the 
central nervous system (CNS) in regulating movements 
rather than accentuating muscle strength to maintain 
joint stability [12]. In other words, SMT aims to improve 
muscular endurance response but not strength [10].

It has been shown that feedback is one of the best tools 
for learning motor skills quickly and easily. Some stud-
ies have shown that verbal and visual feedback (VF) 
through videos and mirrors can positively affect DKV 
[19]. For instance, Alvandi et al. discovered that VF-
based training during the single-leg squat test (SLST) 
can enhance movement accuracy and provoke changes 
in muscle activation strategies [19]. Therefore, exercises 
become more effective when accompanied by feedback. 
Moreover, SMT can help build pelvic stability [20], and 
proprioception [18], minimize pain and pelvic organ 
prolapse [20], and boost postural stability [22], as the 
main risk factors of DKV. Against this background, the 
present study investigated the effects of an eight-week 
SMT program with VF on knee joint proprioception and 
alignment in women with DKV. The research hypothesis 
was that practicing SMT simultaneously with receiving 
VF can effectively improve knee joint proprioception 
and alignment in women with DKV.

Materials and Methods

Study design

This is a randomized clinical trial. Participants were 30 
female students with DKV who voluntarily participated 
after signing a consent form. The Randlist software was 
utilized to randomly allocate subjects to different study 
groups. The randomization method used was parallel. 
Initially, the software was provided with the number 
of participants and groups. Then, a code was assigned 
to each participant. Finally, the software randomly as-
signed a group to each code. The intervention group at-
tended an eight-week SMT program with VF, while the 
control group continued their daily routines.

Based on the G*Power software output for the analy-
sis of covariance (ANCOVA), the sample size was esti-
mated to be 34 individuals, with an effect size of 0.5, a 
significance level of 0.05, and a test power of 0.8 [23]. 
Considering dropout (5%), 36 participants were recruit-
ed (18 in each group). However, six individuals were 
excluded from the analysis due to their absence at the 
post-test stage, three from the control group and three 
from the intervention group.

The study included only females aged between 18 and 
30 diagnosed with DKV based on positive leg squat test 
(LST) results. The participants were required to have 
no history of knee surgeries within the past year, no 
lower extremity injuries in the past year, and no neuro-
orthopedic or special conditions. Those who missed two 
consecutive or three non-consecutive training sessions 
or were absent during the post-test stage were excluded 
from the study.

Assessment

As a type of abnormal movement impairment, dynamic 
knee valgus (DKV) can be evaluated through various 
tests, such as jumping and landing tests and the double-
leg squat test (DLST). The squat test, which requires no 
unique equipment and can be conducted at any location, 
can effectively screen for this condition [24]. The par-
ticipants with DKV were included in this study when 
the medial border of their patella crossed the medial part 
of the big toe during the DLST. To achieve this, each 
participant performed the LST five times in a controlled 
manner under standard conditions. The overhead squat 
test was performed with legs shoulder-width apart, toes 
forward, and hands above the head, mimicking sitting on 
a chair. If DKV was observed during the overhead squat, 
i.e. in three out of five movements, the test results were 
considered positive [6].

Likewise, the knee joint angle repositioning error dur-
ing the SLST was employed to evaluate knee joint pro-
prioception. The participants completed this test by the 
60-degree bend of the knee joint with a metronome of 60 
beats per minute (including two flexion beats and two 
back-to-the-initial-position ones). Upon placing the go-
niometer on the lateral compartment (that is, one arm of 
the goniometer set along the outer side of the thigh and 
one arm along the leg), the participants were asked to 
remake a 60-degree knee flexion angle with eyes closed. 
The test was repeated three times, and the mean differ-
ence between the angle made by the participants and the 
standard one was then recorded as the proprioceptive er-
ror for each case [8]. The test re-test reliability of this test 
was reported as 0.90 in the previous study [8].

The single-leg landing test (SLLT) was administered 
to measure knee alignment. Participants were asked to 
stand on a box 40 cm above the ground with their non-
dominant leg and keep the heel of their dominant leg on 
the front edge of the box. Then, they had to land on their 
dominant leg when the examiner asked them to, without 
bending or jumping vertically, and maintain their bal-
ance for 5 seconds after landing [13, 14]. The test had 
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to be repeated three times with 30-s intervals between 
each repetition. A digital camera recorded the landing. 
It is essential to note that the participants were not given 
any instructions about the correct landing technique or 
provided with feedback on their performance [4, 6].

The camera was positioned parallel to the frontal 
plane, 366 cm away from the landing box on the base, 
at a height of 102 cm to ensure that the lower extrem-
ity was visible within the camera frame [4]. Landmarks 
were placed at the ankle joint center, patella, and anterior 
superior iliac spine (ASIS) for greater accuracy [20, 25]. 
The participants performed three repetitions of landing 
from the box at a normal speed during daily activities. 
Using the Kinovea software, the DKV angle was calcu-
lated at the moment of maximum knee flexion after land-
ing by connecting two lines drawn from the ASIS to the 
patella and one passing from the patella to the center of 
the ankle joint. The knee alignment angle was then cal-
culated by deducting the value obtained from 180. The 
average angle during three repetitions was recorded for 
each participant in the field [4, 20]. The reliability of the 
test for detecting DKV has been reported by Munro et 
al. to be 0.88-0.91 [26]. All variables were measured and 
evaluated one session before and after the exercises.

VF-based SMT 

The intervention group completed the SMT program 
with VF within eight weeks, attending three sessions per 
week, each lasting 60 minutes. The training sessions in-
cluded a 15-minute warm-up and stretching, 40 minutes 
of detailed exercises, and a 5-minute cool-down to return 
the body to rest. During this study, participants did not 
receive any other treatments, medications, or placebos. 

The exercises were performed using body weight, but 
resistance bands (TheraBand) were used to increase the 
intensity (Table 1). The principles and methods of the 
exercises were explained to the participants, and they 
were asked to maintain their regular practice through-
out the training period. Additionally, all exercises were 
performed in front of mirrors with VF, allowing partici-
pants to control each movement by receiving feedback 
through the mirrors.

All exercises listed in Table 1 were completed during 
each session. The exercise routine began at the lowest 
level and gradually increased in intensity and volume 
over eight weeks. Figure 1 shows a sample of the exer-
cises given.

The data were analyzed using IBM SPSS statistics soft-
ware, version 26. The normality of the data was deter-
mined using the Shapiro-Wilk test. Since the data was 
normally distributed (P>0.05), the ANCOVA test was 
applied to remove intervening variables, adjust the pre-
test stage scores, and make intergroup comparisons. A 
significance level of 0.05 was used for all tests. The data 
analyzer was not aware of the group classification. The 
information about the groups was provided to the data 
analyzer in the form of numbers 1 and 2 and for each 
participant with a code.

Results

Table 2 presents the demographic characteristics of 
participants in each group.

Table 1. Exercises used in the study by sessions

Training Phase Number of Sessions Training

Static 1-8

1. Standing with one leg on the balance board with open eyes (hands open-hands crossed)
2. Standing with one leg on the balance board with closed eyes (hands open-hands crossed)
3. Standing in the correct position with knee abduction (with and without TheraBand)
4. Moving to the sides + short foot exercise
5. Squat + weight transfer on the outer edge of the leg

Dynamic 9-16

1. Tandem gate + short foot exercise
2. Squat + short foot exercise
3. Squat and leg abduction (with and without TheraBand)
4. Single-leg squat on the step
5. Lunge from the front + short foot exercise
6. Side lunge + short foot exercise

Functional 17-24

1. Standing on the bosu ball along with passing and receiving the ball with both hands
2. Squat on the bosu ball by passing and receiving the ball with both hands
3. Squat on the bosu ball (with and without the band)
4. Lying on the Swiss ball + knee abduction (with and without TheraBand)
5. Sitting on the Swiss ball + thigh contraction while the barrier is between the knees.
6. Buttock bridge + knee abduction while the sole is on the step (with and without TheraBand)
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After analyzing the results of the intergroup comparisons 
using ANCOVA, with the pre-test stage scores as a covariate, 
it was found that the VF-based SMT program attended by 
participants in the intervention group significantly reduced 
knee joint proprioception (P=0.038, F=4.75, Eta=0.150) and 
improved knee alignment (P<0.001, F=24.13, Eta=0.472), as 
compared to those in the control group (Table 3).

Discussion

This study was conducted to examine the impact of an 
eight-week SMT program combined with VF on knee 
joint proprioception and alignment in women with DKV. 
The results indicated that SMT exercises with VF en-
hanced knee joint proprioception and alignment.

Figure 1. Examples of sensorimotor training in this research

Table 2. Mean±SD demographic information of subjects

Variables Group No. Mean±SD

Height (cm)
SMT with VF 15 166.20±5.821

Control 15 163.53±3.796

Weight (kg)
SMT with VF 15 61.80±9.017

Control 15 56.53±8.417

Age (y)
SMT with VF 15 21.53±2.100

Control 15 22.33±2.44

BMI (kg/m2)
SMT with VF 15 22.33±2.702

Control 15 21.19±3.117

Abbreviations: SMT: Sensorimotor training; VF: Visual feedback; BMI: Body mass index. 
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It is essential to note that any changes in the align-
ment of the lower extremities can lead to transforma-
tions in different body parts, resulting in deviations in 
various patterns [14, 27]. Disorders like DKV can affect 
the desired posture of the lower extremity, which can 
induce changes in the weight distribution in the knee. 
This issue can create pressure and variations in the knee 
joint position, reducing mechanical efficiency. Such an 
unfavorable situation can be the leading cause of mul-
tiple neuromuscular injuries. DKV is also a risk factor 
for various injuries, including ACL injury, PFPS, MCL 
injury, meniscus tear, ITBS, and KOA [24]. According 
to Ramezani et al., DKV refers to a range of kinematic 
changes in the lower extremity, including increased hip 
adduction and knee abduction, as well as internal rota-
tion of the proximal components and external rotation 
of the distal ones. This can cause a maximized torque of 
the knee, which can increase the functional angle of the 
quadriceps muscles and the pressure of the external part 
of the patellofemoral joint [28]. Knee joint alignment 
can be assessed in both the sagittal and frontal planes. 
The knee joint should be examined from an anterior-pos-
terior view in the frontal plane. The femoral angle in the 
inner part is also caused by the inclination angle in the 
proximal part of this bone. The longitudinal axis of the 
femur is thus about 10 degrees away from the longitudi-
nal axis of the tibia, resulting in a physiological angle of 
approximately 170-175 degrees in adults with DKV in 
the frontal plane [29].

Performing exercises, such as SLST and DLST, for-
ward and lateral lunges, single- and double-leg standing 
and landing on an unstable surface, and walking on soft 
and hard surfaces [20] have been effective ways to treat 
this condition. The training program implemented in this 
study included SMT, designed by Janda, aimed at esca-
lating muscular endurance response rather than strength 
[10]. These exercises were a particular form of balance 
and proprioceptive to fix muscle imbalance, improve 
balance, and boost the functions of the neuromuscular 
and sensory systems [9, 17]. During the study, the inter-

ventions were split into three phases of exercise [20, 21]. 
In the first phase, the static phase, the participants were 
asked to maintain their center of gravity by using pas-
sive weight displacement or dealing with specific chal-
lenges requiring postural reflexive reactions to help with 
hip stability. In the second phase, the dynamic phase, the 
center of gravity challenges were executed dynamically, 
and some swing exercises were added to facilitate mus-
cle stability. Finally, the participants performed function-
al progress and movements in the functional phase while 
maintaining hip stability. This phase was considered the 
final phase of the study [10]. 

Depending on the situation, SMT can be performed 
with or without tools and equipment. One of the main 
exercises in this program is short foot training, in which 
the internal longitudinal arch increases with the contrac-
tion of the plantar muscles while the toes are not con-
tracted. According to Janda, this training can improve 
proprioception and postural stability [10]. Among other 
examples of the advanced form of SMT, balance exer-
cises on bosu ball, Janda's balance sandals, and balance 
board should be mentioned. In this study, there was much 
attempt to improve the changes resulting from DKV and 
bring the body closer to the normal posture by a set of 
exercises, such as SLST and DLST, as well as forward 
and lateral lunges. Such exercises can strengthen the 
quadriceps and hip abductor muscles, reduce the femo-
ral internal rotation angle, improve knee joint alignment, 
and minimize DKV [9, 20].

Claiborne et al. discovered a robust negative correla-
tion between the isokinetic peak torque of the femoral 
abductor muscle and the external rotators and the DKV 
angle during the SLST. This means that increasing the 
strength of the quadriceps muscles of the thigh has re-
duced DKV [30]. As observed in previous studies, a 
significant positive relationship was observed between 
DKV and the Q angle. The Q angle expanded when the 
patella moved inside, and the knee valgus increased. In-
creasing the quadriceps angle can lead to more exposure 

Table 3. Analysis of covariance test results for intergroup comparisons

Variables Groups
Mean±SD

F P ES
Pre-test Post-test

Alignment of knee joint
SMT with VF 168.66±4.62 175.68±3.72

24.13 < 0.001 0.47
Control 170.66±3.50 171.24±4.78

Proprioception
SMT with VF 7.15±2.73 5.20±3.61

4.75 0.038 0.15
Control 8.90±3.54 8.42±4.01

SMT: Sensorimotor training; VF: Visual feedback. 
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of the quadriceps muscles to compressive and shearing 
forces. Weakness in these muscles can build up DKV, 
resulting in less stability and misalignment in the knee 
joint [27].

Furthermore, a study conducted by Alvandi et al. in 
2018 suggests that incorporating VF during a squat test 
can effectively aid in improving joint position and range 
of motion (ROM), thus relieving symptoms of knee 
dysfunction [19]. Using VF to control joint position and 
focus on range of motion (ROM) during exercises can 
significantly help this process. According to the results 
of the present study, the combination of SMT and VF 
enhances knee joint alignment, confirming the research 
hypothesis on this variable. These results are consistent 
with the reports by Alvandi and Letafatkar [19], Mozaf-
aripour et al. [31], and Claiborne et al. [30].

One of the main complications of DKV is weakness 
in controlling the trunk, pelvis, knee, and ankle in both 
the frontal and horizontal planes [31]. Proprioception, 
which helps perceive body parts' location, movement, 
and action, was first defined by Sherrington in 1960 
[10]. Any disturbance in the feedforward and feedback 
control, changes in muscle stiffness, and inefficiency in 
the SMT system can lead to problems in proprioception 
[20]. Misalignment can cause biomechanical changes 
that may affect the loads applied to the joint, hip, and 
knee feedback, muscle mechanical efficiency, and joint 
proprioception, ultimately resulting in changes in neuro-
muscular system function [32]. 

Thus declined proprioception, as one of the SM com-
ponents, has been documented among the main side ef-
fects of DKV. According to Sherrington, proprioception 
can enhance neuromuscular control. Similarly, Janda has 
referred to proprioception as the most crucial component 
of SMT. Therefore, SMT aims to increase the proprio-
ception of the information that enters the CNS from the 
cutaneous receptors of the feet, the sacroiliac joint, and 
the cervical spine. This helps stimulate subcortical path-
ways and facilitates automatically coordinated patterns. 
Additionally, in conjunction with VF, SMT helps im-
prove proprioception by enhancing balance and postural 
stability [10]. 

Improving the feedback and motor control of the body 
can be achieved by enhancing proprioception through 
increasing afferent nerve messages and adding to nerve 
receptors. This can also regulate muscle stiffness, posi-
tively affecting joint movement and posture control 
[33]. The CNS can influence musculoskeletal pain syn-
dromes, as developed by Janda’s approach. In the pres-

ent study, knee joint proprioception improved after an 
eight-week SMT program, likely due to the strengthen-
ing of the neuromuscular system and the regeneration of 
neuromuscular structures [33]. SMT is a comprehensive 
treatment protocol for improving and rehabilitating the 
musculoskeletal system. Previous research has estab-
lished its effects on proprioception compared to balance 
and strengthening exercises [9]. The results of SMT’s 
effects on proprioception in participants with DKV sup-
ported the second hypothesis.

The results of this study are consistent with the results 
of Yalfani et al. [9] and inconsistent with those reported 
by Tsauo et al. [34] and Pohl et al. [35]. These discrepan-
cies can be attributed to differences in the training pro-
grams prescribed. Pohl et al. [35] indicated the dissimi-
larity of the prescribed training programs and they [35] 
found that SMT did not further affect proprioception due 
to the type of complication, short training time, and se-
lected exercises. 

Conclusion

According to the study, an eight-week program with 
SMT and VF improved knee joint proprioception and 
alignment in women with DKV. This indicates that such 
exercises positively affect DKV and are recommended 
due to their low cost, ease of access, and simplicity.

It should be noted that this study was conducted on 
women; therefore its results may not apply to men with 
DKV. Therefore, future studies should also explore the 
effects of VF-based SMT programs on men. It is also 
suggested that knee alignment be evaluated in other 
functional tasks.
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