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Background: Dynamic knee valgus (DKYV) is defined as a combination of excessive femoral adduction, internal rota-
tion, tibial internal torsion, and the medial movement of the knee. It appears that the athletes with DKV are at higher
risk of developing knee injuries. Objective: The aim of this study was to evaluate whether the reactive neuromuscular
training would improve whole-body dynamic balance and knee joint position sense (JPS) in women with the dynamic
knee valgus. Methods: A controlled laboratory study was conducted on 28 female athletes with DKV. The single leg
squat test was used to assess the DKV. All participants performed the reactive neuromuscular training, stationary
cycling and resting sessions on three different days in a random order. The knee JPS and balance in the participants
were measured immediately before and after the interventions. Kinematic analysis was used to measure the knee JPS
in sagittal and frontal planes. In this regard, captured photos in the sagittal and frontal planes were analyzed using
Kinovea software. The Y-balance test was applied to measure the balance. The data were analyzed by the repeated
measures analysis of variance with a Bonferroni correction. Results: The results of the repeated measures analysis
of variance showed that there was a significant difference between the sessions with respect to knee JPS in sagittal
(F(2, 54) = 3.323, p = .047) and frontal (F(2, 54) = 23.83, p = .001) planes, respectively. Also, a significant differ-
ence in Y-balance test scores was observed between the sessions (F(2, 54) = 9.12, p = .001). Conclusions: The results
of this study showed that reactive neuromuscular training improved joint position sense and balance in individuals
with DKV. The findings of this study may provide a basis for developing injury prevention and rehabilitation strate-
gies in athletes with DKV.
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Introduction

Lower extremity injuries are common in sports involv-
ing a high frequency of jump-landing movements
(Lépez-Valenciano et al., 2019; Mayer, Riihlemann,
& Jager, 2019; Migliorini et al., 2019). Developing
an efficient neuromuscular training program for the
prevention and rehabilitation of knee injuries is one
of the necessities of sports medicine research (Lee,
Ren, Chang, Geiger, & Zhang, 2014). These jump-
landing movements are associated with ligamentous
injuries like anterior cruciate ligament (ACL) sprains
and Achilles tendonitis (Wertz, Galli, & Borchers,
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2013). The jump-landing movements can cause other
non-ligamentous injuries such as bone and cartilagi-
nous injuries (Aerts, Cumps, Verhagen, Verschueren,
& Meeusen, 2013). The risk of injury may increase as
a result of the faulty movement patterns (Padua et al.,
2009). Dynamic knee valgus (DKV) as one of these
faulty movement patterns is defined as a combination
of excessive femoral adduction, internal rotation, tibial
internal torsion and the medial movement of the knee
(Lima et al., 2018). Movement patterns are modifiable
risk factors for the injuries (Padua et al., 2009), and,
the risk of ACL and other lower extremity injuries may
be decreased by correcting faulty movement patterns.
One of the causes of faulty movement patterns may
be impaired joint position sense (JPS) as a component
of proprioception. The proprioception is a broad con-
cept that includes both the sense of body orientation
and position, and a sense of body and limb motion
(Bragonzoni et al., 2019; Hillier, Immink, & Thewlis,
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2015). It is a principal constituent of neuromuscular
performance (Suner-Keklik, Cobanoglu-Seven, Kafa,
Ugurlu, & Guzel, 2017). Proprioception is the most
important factor in balance, joint stability, coordina-
tion, and injury prevention (Bragonzoni et al., 2019).
The proprioceptive impairment in the knee is related
to injuries such as femoropatellar syndrome and ACL
sprains (Ouattas, Wellsandt, Hunt, Boese, & Knarr,
2019; Romero-Franco, Montafio-Munuera, Fernandez-
Dominguez, & Jiménez-Reyes, 2019).

In the high-risk sports such as handball, volleyball,
basketball, and soccer, increased knee valgus or medial
knee displacement due to weak neuromuscular control
during dynamic movement tasks have been identified
as the major risk factors for ACL injuries (Alentorn-
-Geli et al., 2009; Hewett et al., 2005; Krosshaug et
al., 2016). It has been previously reported that core
muscle activation, hip external rotators and abductors
strength, and neuromuscular activation methods of the
thigh muscles can play a major role in the reduction and
prevention of the DKV (Ellenberger et al., 2020; Jami-
son, McNally, Schmitt, & Chaudhari, 2013; Malloy,
Morgan, Meinerz, Geiser, & Kipp, 2016; Myer, Ford,
& Hewett, 2005; Stickler, Finley, & Gulgin, 2015).

Reactive neuromuscular training (RNT) is con-
sidered as one of the methods of correcting the faulty
movement patterns. The RNT program is designed to
reestablish the joint dynamic stability and fine motor
control (Guido & Stemm, 2007). RNT has been used
to rehabilitate low back pain, correct muscular imbal-
ances, increase muscular flexibility, treat shoulder
instability, decrease the risk of falling in people with
Parkinson’s disease, and improve the coordination and
balance (Gray Cook & Fields, 1999; Guido & Stemm,
2007; Harrison & Hart, 2011; Kim, 2012; Loutsch,
Baker, May, & Nasypany, 2015; Seada, Elsayed, &
Talat, 2013). Previous studies have shown that atten-
dance at exercise training sessions can positively affect
knee sense of position (Aslan, Buddhadev, Suprak, &
San Juan, 2018; David, Amasay, Ludwig, & Shapiro,
2019) and this effect may be observable even in one
session (Romero-Franco & Jiménez-Reyes, 2017).
Also, it is shown that sense of position may affect the
dynamic balance (Onursal Kiling et al., 2019) which
may play a significant role in preventing sports injuries
(Hanlon, Krzak, Prodoehl, & Hall, 2020). To the best
of our knowledge, no studies have been conducted on
the effects of RNT on the position sense of knee and
dynamic balance in female athletes with DKV.

Considering the high prevalence of DKV and its
possible negative impact on performance among the
female athletes; therefore, the aim of this study was
to investigate the effects of RNT on dynamic balance
and JPS of the knee in both frontal and sagittal planes,
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among athletes with DKV. In this study, the hypothesis
was that the RNT would have positive effects on bal-
ance and JPS of the knee.

Methods

Participants

A controlled laboratory study was conducted on 28
female athlete volunteers, who met the inclusion and
exclusion criteria (age 22.72 + 2.08 years, weight
57.1 £ 5.5 kg, height 165.1£6.55, body mass index
21.93 £ 1.33 kg/m?). The study inclusion criteria were
as follows: (i) females aged 19-24 years, (ii) having
DKYV based on single leg squat (SLS) test, and (iii)
having at least 3 years of experience in amateur sports
activities such as futsal, volleyball, or basketball. The
subjects were excluded from the study if they had: (i) a
history of knee surgery, (ii) a history of pathology, sur-
gery or any other joint diseases in lower extremities and
spinal column in last 5 years, (iii) any sensory-motor
disorders, (iv) static postural abnormality such as static
knee valgus based on New York postural assessment
form, (v) body mass index lower than 18 or higher
than 25, (vi) existence of pain in lower extremities and
spinal column, or (vii) a history of neurological disor-
ders or concussions that may affect their balance or
ambulatory abilities. The study protocol was approved
by the review board of the research ethics committee of
the Faculty of Physical Education and Sport Sciences,
Allameh Tabataba’i University, Tehran, Iran. During a
familiarization session, the written informed consent
was obtained from the participants, and their height,
weight, and body mass index were recorded. All partici-
pants were assured that their personal information will
be kept confidential, and they could withdraw from the
study at any time.

Protocols

All data were collected in the biomechanics laboratory
of Faculty of Physical Education and Sport Sciences,
Allameh Tabataba’i University, Tehran, Iran. All par-
ticipants were asked to come to the laboratory for three
different days with a minimum interval of 48 hours
between sessions. During each day, the kinematic data
were first recorded as a pre-test measures, then the
participants were asked to perform the predetermined
protocol and immediately after that, the photogram-
metric data were collected as the post-test measures.
The three-day study protocol included a day of RNT
training, a day of stationary cycling and a day of 30
minutes of resting on the table. The sequence of these
protocols was selected in random order. All measure-
ments were done by the same examiner.
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DKYV assessment

The DKV was assessed using the SLS test. With their
feet aligned in the sagittal plane and their arms folded
across their chest, all participants performed five SLS
repetitions of with the dominant leg. The leg used to
kick a ball was considered to be dominant. Participants
were trained to perform an SLS to 60 degrees of knee
flexion and then return to the standing position. The
movement was performed at a cadence of 2 seconds
per descending phase and 2 seconds per ascending
phase. We defined a positive SLS test as more than
3 abnormal responses on the dominant leg out of the
5 total trials. To learn the correct technique, all par-
ticipants performed the task 2-3 times. The SLS has
been reported as a valid and reliable test (Ageberg et
al., 2010; Weeks, Carty, & Horan, 2012). SLS test has
been recommended as a reasonable tool to assess the
DKYV (Ugalde, Brockman, Bailowitz, & Pollard, 2015).

Knee proprioception measures

Prior to testing, reflective markers (from reflective
adhesive tapes with 10 mm of diameter) were posi-
tioned on the dominant leg of each participant, while
the participants were asked to stand upright. In order
to measure knee angle in the frontal plane, the markers
were placed at on anterior superior iliac spine (ASIS),
the midpoint of the line connecting the ASIS to mid
patellae (mid-thigh), the midpoint of the line con-
necting lateral and medial malleolus (ankle), and the
midpoint of the line connecting mid-malleolus to mid
patellae (mid-shank). These marker placements were
selected to eliminate the possible effect of patellar dis-
placement on the knee valgus angle. The knee valgus
angle was obtained as an acute angle that built from
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the intersection of a line connecting ASIS to mid-thigh
with the line joining ankle and mid-shank markers.

In order to measure knee angle in the sagittal
plane, markers were placed at the greater trochanter,
lateral femoral epicondyle, and lateral malleolus. The
knee flexion angle was obtained as an angle that built
from the intersection of the line connecting greater
trochanter to lateral femoral epicondyle with the line
which connected lateral malleolus to lateral femoral
epicondyle markers. All markers were placed by the
same examiner.

Sixty degrees of knee flexion was considered as the
test angle because muscles seem to have the greatest
efficacy in the middle range of motion. In literature,
40 degree and 80 degree knee flexion are used as test
angles (Larsen et al., 2005). A reliable technique for
the assessment of knee position sense is a measure-
ment of the replication of a specific target position,
and the difference between the target and the estimated
positions is considered as the outcome (Olsson et al.,
2004). In this method, JPS is defined as the absolute
error between the target and estimated positions (Lar-
sen et al., 2005).

The JPS was measured using the photogrammetric
method (Figure 1). To the knee JPS in a closed chain,
the target angle was first drawn on the wall, then all
participants performed the squat movement on the
dominant leg with opened eyes. When participants
reached sixty degrees of knee flexion, the pictures
were taken by two cameras (Canon EOS 2000D,
Canon, Ota, Tokyo, Japan), one placed in the sagit-
tal plane and the other in the frontal plane with 185
cm apart from the participants’s place at the height
of their knees. After performing 3 trials, to omit the

Figure 1. Calculating frontal (A) and sagittal (B) plane knee angles in the partici-
pants to examine knee sense of position.
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visual feedback during the measurement, the par-
ticipant’s eyes were closed using a band. Then each
participant was asked to replicate the sixty degrees of
knee flexion, stay in this position for 5 seconds, and
memorize this angle. After 7 seconds of rest, the target
angle was replicated by the participants again. Then
the repositioning error was obtained by calculating
the absolute values of subtracting the angles of closed
eyes photos from angles of open eyes. These measures
were done 3 times and the average repositioning error
was used for further analysis. To obtain the effect of a
specific protocol on repositioning error, the pre-post
session changes of repositioning error were measured
by subtracting the repositioning error of post-test from
pre-test of each session.

Dynamic balance measure

To examine the dynamic balance, Y-balance test was
performed based on the previous studies. The validity
and reliability of the Y-Balance test have been reported
in the previous studies (ICC = .987, 95% confidence
interval [.972, .994]; Greenberg, Barle, Glassmann, &
Jung, 2019).

Stationary bicycle training protocol

After a 10-minute general warm-up, the participants
trained for 30 minutes, using stationary bicycles. The
height of the saddle was adjusted based on the ergo-
nomic characteristics of the participants. They were
asked to exercise at their preferred level of training
intensity. At the end of the training session, cool down
was done for 10 minutes.

RNT training protocol

RNT is a type of training designed to improve move-
ment patterns through the active involvement of the
participants in error detection and increasing feed-
backs. These exercises must be performed with a
minimum level of verbal feedback, aiming to worsen
the faulty movement pattern of the individual (Gray
Cook & Fields, 1999). Thera bands were used to
impose perturbational forces on participants. The
intensity of training is defined based on the individual
ability using the Borg scale. After a 10-minute warm-
up, the participants performed the RNT protocol for
40 minutes. To prevent the fatigue in participants,
the intensity level of training was equal or less than
6 based on the Borg scale. In all exercises, the pur-
pose was to increase knee valgus by the experimenter.
Table 1 describes in more detail RNT program. In
this study, a resting session was considered as a “con-
trol” condition.

Table 1

The RNT training protocol, including repetition or time
for each exercise. The participants performed it one ses-
sion per day separated from stationary cycling exercise.
All exercises were performed for three sets.

Exercise Repetition or time

Single leg squat 8-12

Wall squat 10

Romanian deadlift 20 seconds, only with bodyweight
Lunge 8

Walking lunge 8

Side squat 10

Hurdle step 10

Jump squat 10

Statistical analysis

The data were analyzed using SPSS (Version 19; IBM,
Armonk, NY, USA). The data normality was checked
using the Shapiro-Wilk test. Mauchly’s test of spheric-
ity was used to examine the data sphericity. The data
were then analyzed by the repeated measures analysis
of variance with a Bonferroni correction. Fisher’s LSD
test was used to assess differences between the ses-
sions. Partial eta squared was used as an effect size. All
data analysis was done by considering a = .05.

Results

The results from repeated measures analysis of showed
that the knee JPS in the sagittal (p = .047) and fron-
tal (p = .001) planes and Y-balance scores (p = .001)
significantly improved in RNT and SC sessions (Table
2). The post-hoc tests showed that there was a signifi-
cant difference between RNT and stationary bicycle,
and RNT and control condition in all study variables
(Table 3).

Discussion

According to our results, the RNT program can improve
the knee joint angle in the sagittal plane in female ath-
letes with the DKV. The results of the current study
are consistent with previous studies (Guido & Stemm,
2007; Harrison & Hart, 2011). In this regard, Guido
and Stemm (2007) showed that an RNT program can
re-establish the dynamic joint stability and neuromus-
cular control in patients with shoulder instability. Also,
Harrison and Hart (2011) reported that RNT may
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Table 2
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A comparison of changes in mean scores from the repeated measures analysis of variance test

Intervention (M £ SD)

RNT SC Control F(2, 54) D Effect size Power
Knee flexion (degrees)
Pre-session 7.00 £ 3.98 6.71 £4.23 8.83£3.35 3.32 .047 .104 .594
Post-session 2.91+1.48 548 £2.74 6.82 £ 3.40
Mean change -4.09 £3.29 -1.22 £5.66 -2.01 +3.66
Knee valgus (degrees)
Pre-session 6.82 £ 3.40 2.82+1.71 3.83+£2.31 23.83 .001 469 1.000
Post-session 2.00 £ 1.26 291+ 1.64 3.81+2.51
Mean change -4.55+3.40 -0.17 £ 2.06 0.02 £ 3.17
Y-balance (percents)
Pre-session 84.66 £ 10.99 90.30 + 13.31 90.29 £ 11.27 9.12 .001 246 969
Post-session 91.41 £ 13.23 91.75 £ 11.55 93.34+12.37
Mean change 6.76 £ 5.26 1.44 £5.75 3.06 £4.27

Note. RNT = reactive neuromuscular training; SC = stationary cycling.

Table 3

The results of Fisher's LSD and post-hoc tests in relation
to joint position sense in sagittal and frontal planes and
Y-balance score

Difference of

Pairwise comparison means SD Vi
Knee flexion(degrees)
RNT vs. SC -2.86 1.31 .038
RNT vs. Control -2.86 0.82 .018
SC vs. Control -0.78 0.54 547
Knee valgus (degrees)
RNT vs. SC 4.26 0.72 .001
RNT vs. Control 4.52 0.91 .001
SC vs. Control 0.20 0.76 0.76
Y-balance score (percents)
RNT vs. SC 6.48 1.31 .001
RNT vs. Control 4.54 1.50 .002
SC vs. Control 1.93 1.81 .209

Note. RNT = reactive neuromuscular training; SC = stationary
cycling.

improve the patient-oriented outcomes in individuals
with low back pain by restoring proprioceptive and
kinesthetic sensory signals. RNT program is designed
to diminish the need for audiovisual instruction from
the athletic trainer. In RNT, the athlete responds to the
external force created by an athletic trainer or physical
therapist using an elastic tubing (Gray Cook & Fields,
1999). The initial emphasis in RNT is on dynamic

joint stability and proprioception (Gray Cook &
Fields, 1999). RNT can increase knee JPS by restoring
the synergy and synchrony of muscle firing patterns
required for dynamic joint stability and fine motor con-
trol (Voight & Cook, 1996). Another explanation for
the positive effect of RNT on knee JPS is the inherent
ability of the exercise training to increase the cognitive
appreciation of the joint’s position and motion (Voight
& Cook, 1996).

RNT may augment the sensitivity of the muscle
spindles and improve the knee JPS (Larsen et al.,
2005). Accordingly, RNT diminishes the amount of
error observed when measuring the JPS. In addition
to the peripheral changes in receptors, some central
changes such as the central facilitation of neural infor-
mation, and increased somatosensory field of proprio-
ception in the sensory cortex may result from RNT
(Ashton-Miller, Wojtys, Huston, & Fry-Welch, 2001;
Lee et al., 2014).

Our results showed that RNT can improve knee
proprioception in the knee valgus in female athletes
with DKV. RNT may lead to an increased ratio of
vastus medialis for vastus lateralis recruitment (Myer
et al., 2005). Increased medial firing or decreased
lateral firing can place the knee in an adducted posi-
tion. It seems that RNT may alter the neuromuscular
strategy in the knee region, in favor of better control
of the knee. In this regard, another study showed that
muscular activation can reduce the valgus laxity of the
knee three-fold (Markolf, Graff-Radford, & Amstutz,
1978). Others mentioned that peripheral and central
adaptations could be considered as an explanation
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for the improvement in knee JPS in the frontal plane
(Ashton-Miller et al., 2001; Larsen et al., 2005; Lee
et al., 2014).

Reestablishment of dynamic joint stability is the
primary purpose of the RNT program (Voight & Cook,
1996). Through reestablishing dynamic joint stability,
the control of abnormal joint translations like DKV
could be possible during functional activities. RNT can
increase postural awareness, kinesthesia, and knowl-
edge of joint position, through increasing propriocep-
tion; therefore, RNT can decrease the risk of injury in
the knee region.

Our results showed that RNT can improve the
dynamic balance in female athletes with DKV. In this
regard, the 8-week RNT is shown to improve balance
ability (Kim, 2012). Moreover, another study reported
that RNT could be considered as a useful and effec-
tive modality in the prevention of falls in people with
Parkinson’s disease (Seada et al., 2013). It has been
proposed that RNT may improve muscular strength
through neuromuscular changes (Gray Cook & Fields,
1999). Also, the results of the current study showed
that RNT may improve proprioception. It seems that
both strength and proprioception may play an impor-
tant role in promoting joint stability and balance
maintenance (Blackburn, Guskiewicz, Petschauer, &
Prentice, 2000). Thus, these statements may provide
some explanation for improving balance ability as the
results of performing RNT. It is noteworthy to men-
tion that our findings are unique and functionally
important because JPS was measured under weight-
bearing conditions.

However, our study had some limitations. The study
participants had DKYV, so the result of this study could
not be generalized to other populations. This study was
conducted to investigate the immediate effect of RNT on
the JPS and balance; therefore, further studies are nec-
essary to examine the effect of long-term RNT on JPS
and balance. Also, future research should investigate the
durability of RNT effects. This method has a limitation
of relying on memory instead of knee joint propriocep-
tion, too. The RNT training protocol includes several
exercises and each exercise may activate several muscle
groups, so, this variability in the exercises and activated
muscles may affect the study results.

Conclusions

Our results showed that reactive neuromuscular train-
ing could improve joint position sense and balance in
individuals with dynamic knee valgus. The findings of
this study may provide a basis for developing injury
prevention and rehabilitation strategies in athletes with
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dynamic knee valgus. Further studies are necessary to
examine the durability and long-term effect of RNT on
JPS and balance and possible effects of RNT on pre-
venting some sports-related injuries in athletes.
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