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Purpose: A hyperextended knee is described as knee pain associated with an impaired knee extensor mechanism. Additionally, a hyper-
extended knee may involve reduced position sense of the knee joint that decreases the individual's ability to control end-range knee ex-
tension movement. The purpose of this study was to investigate the effects of visual biofeedback information for plantar pressure distri-
bution on knee joint angle and lower extremity muscle activities in participants with hyperextended knees.

Methods: Twenty-three participants with hyperextended knees were recruited for the study. Surface electromyography signals were re-
corded for the biceps femoris, rectus femoris, gastrocnemius, and tibialis anterior muscle activities. The plantar pressure distribution was
displayed and measured using a pressure distribution measuring plate. Knee joint angle kinematic parameters were recorded using a mo-
tion analysis system. The visual biofeedback condition was the point at which the difference between the forefoot and backfoot plantar
foot pressure on the monitor was minimized. The Wilcoxon signed-rank test was used to determine the significance between the visual
biofeedback condition and the preferred condition.

Results: The knee joint angle was significantly decreased in the visual biofeedback condition compared to that in the preferred condition
(p<0.05). The rectus femoris and gastrocnemius muscle activities were significantly different between the visual biofeedback and pre-
ferred conditions (p < 0.05).

Conclusion: The results of this study showed that visual biofeedback of information about plantar pressure distribution is effective for

correcting hyperextended knees.
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INTRODUCTION

Alignment of the entire lower extremity, including the hip, knee, ankle,
and foot, should be considered when assessing an individual with knee
pain.' In the sagittal plane, the femur and tibia should be aligned vertically,
with a knee joint angle of approximately 180 degrees. In ideal alignment,
the angle of the hip joint should be 180 degrees (measured by a line divid-
ing the pelvis into two and a line bisecting the femur), and the ankle
should be in a neutral position (with zero degrees of dorsiflexion in re-
laxed standing).?

Hyperextended knee, or genu recurvatum, describes malalignment or

deformity of the knee joint with extension beyond neutral (knee extension

greater than 5 degrees) and ankle plantarflexion.” Knee hyperextension
affects the knee joint structure; it includes tibial bowing in the frontal and
sagittal plane, altered compressive forces at the tibiofemoral and patello-
femoral joints, posterior capsule stretching and ligament laxity, and mus-
cle imbalance (quadriceps weakness/hamstring over-recruitment).* Addi-
tionally, the hyperextended knee may have reduced position sense of the
knee joint, which reduces the individual’s ability to control end-range
knee extension movement.>® An increase in knee hyperextension may
lead to knee pain and knee osteoarthritis."

Clinicians have reported not only inappropriate loading or weight bear-
ing of the knee joint, but also of the ankle joint and foot by the plan-

tarflexed foot in patients with hyperextended knees.* This problem is a
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main mechanical contributor to the development and progression of bone
shape alterations and alignments.” Therefore, a hyperextended knee has
the potential to develop into a chronic deteriorating problem, and ade-
quate management and multifocused rehabilitation is essential”
Treatment for knee hyperextension includes pharmacological therapy
(drugs, cold spray, and transdermal patch), kinesio-taping (X-shape mo-
tion limitation or unloading taping technique), assistive devices (orthoses),
surgical treatment, and therapeutic exercises (muscle imbalance correc-
tion, proprioceptive practice, gait, and functional training).**!" Previous
studies have reported that conservative interventions, such as pharmaco-
logical therapy, taping, or knee bracing, may be used initially to facilitate
knee control. However, there are issues associated with each treatment, in-
cluding difficulty of use and side effects (e.g. skin problems, abuse).*'*"*
Therefore, safe and effective intervention is needed for individuals with
hyperextended knees. An evaluative process and treatment program
should consider muscle imbalance correction, proprioceptive practice,
gait, and functional training for awareness of knee position during activi-
ties to help protect joint structures."*”” These interventions stimulate the
sensory-motor system toward regaining normal alignment and functional
use. An exercise program and the use of real-time biofeedback of informa-
tion about weight bearing may be helpful for treating individuals with hy-
perextended knees. The purpose of this study was to investigate the effects
of real-time biofeedback about foot weight-bearing distribution on the
knee joint angle and lower limb muscle activities in individuals with hy-

perextended knees.
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METHODS

1. Subjects

Potential participants with hyperextended knees (genu recurvatum) were
examined and recruited according to the inclusion criteria. A total of 8
male and 15 female volunteers with hyperextended knees were recruited
(mean age: 234 + 1.6 years, height: 167.5+8.3 cm, weight: 63.4 £ 14.1 kg).
Participants were included if they had no previous history of knee, ankle,
or hip surgery. The following screening criteria, based on previous litera-
ture, were used for participant selection: 1) knee hyperextension in the
long-sitting position (more than 5 degrees), and 2) knee hyperextension
beyond 10 degrees in the standing position. Informed consent was ob-

tained from all participants.

2. Measuremets

1) Pressure distribution measuring plate

The Zebris FDM-S (Zebris Medical GmbH, Germany) was used to mea-
sure the distribution of plantar foot pressure. The system uses a pressure
distribution measuring plate with 2,560 sensors, and the pressure is re-
corded by each sensor. The signal processing board sends the measured
foot pressure signal to a computer program and acquires data at a 100 Hz
sampling frequency. Figure 1 shows the measurement system. The distri-
bution of plantar foot pressure was measured to determine the pressure
difference between the forefoot and backfoot. In the biofeedback task, the

notebook screen indicated the pressure difference in real time between the
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Figure 1. Measurement of the muscle activities and knee joint angle in the visual biofeedback condition.
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forefoot and the backfoot, and the participant attempted to keep the plan-
tar foot pressure difference between the forefoot and the backfoot to a

minimum.

2) Camera

Each participant’s knee joint angle was recorded using a Samsung Galaxy
S6 mobile phone (Samsung Electronics, Korea). A height-adjustable tripod
was adjusted to the height of the knee, and then the camera was adjusted to
the level of the knee using the height-adjustable tripod. The camera was
placed 1 m in front of the participant’s foot, as measured with a tape mea-
sure. Three reflective surface markers (1.5 cm diameter) were attached at
the greater trochanter, lateral femoral epicondyle, and lateral malleolus of
the dominant-side leg to calculate the knee joint angle."® After attaching the
surface markers, the examiners took the photograph and recorded the knee
joint angle in the preferred and visual biofeedback conditions. The angle of
the knee joint was calculated between two lines (greater trochanter~lateral
femoral epicondyle and lateral femoral epicondyle~lateral malleolus) using
Image] software (U.S. National Institutes of Health, Maryland, USA). The
angle between the two lines was calculated automatically using Image]
software. Ina previous study, determination of knee joint angle in the sagit-
tal plane using digital photography demonstrated good levels of intra- and

inter-rater reliability."®

3) Electromyography
A surface electromyography (EMG) system (TeleMyo DTS, Noraxon,
Scottsdale, AZ, USA) was used to measure the activity of the biceps femo-

Visual biofeedback

Figure 2. The visual biofeedback condition.
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ris (BF), rectus femoris (RF), gastrocnemius (GCM), and tibialis anterior
(TA). Data were analyzed using MyoResearch® XP Master Edition soft-
ware (Noraxon Inc). Filtered movement artifacts were eliminated using a
digital band-pass filter (Lancosh FIR) in 20-450 Hz. The sample rate was
set to 1,000 Hz. The root mean square was used to process EMG signals
with a moving window of 50 ms. EMG signals were recorded for 5 sec-
onds (2-4 seconds used for data analysis).

Two surface electrodes with a distance of 2 cm were positioned on the
BE, RE, GCM, and TA. Two electrodes were placed in the middle of each
muscle belly, parallel to the muscle fibers. The electrode sites were shaved,
and rubbing alcohol was used to reduce skin impedance. To measure each
muscle’s EMG signal, electrodes were placed according to Criswell.”” The
reference voluntary isometric contraction (RVIC) of the RE, BE, TA, and
GCM was used for normalization; the RVIC was measured when partici-
pants were in a comfortable standing position.18 The data for each trial
were expressed as a percentage of the calculated mean root mean square
(RMS) of the RVIC (%RVIC). During the EMG data collection process,
two EMG data sets of the TA and GCM were lost.

3. Procedure

Each participant stood comfortably on the Zebris FDM-S. The partici-
pants performed two tasks in this posture. Before performing the tasks,
the participants were educated and familiarized with the two tasks to be
carried out for 5 minutes. The first task was to adopt the preferred condi-
tion—that is, to stand comfortably without muscle effort. At this time, the

changes in the hyperextended knee, EMG signal, and plantar pressure

Pressure distribution
measuring plate
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Stance parameters
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Figure 3. Display for plantar foot pressure on the notebook screen during the visual biofeedback condition.

Table 1. Comparison of knee joint angle and EMG signal with and without the visual-biofeedback condition

Preferred condition Visual biofeedback condition t p
Knee joint angle (%) 168.4+23 175.4+4.4 -9.563 <0.001*
Rectus femoris (%) 2.55+3.03 1.22+0.89 2.836 0.008*
Biceps femoris (%) 1.19+0.65 1.32+0.55 -0.927 0.361
Tibialis anterior (%) 2.68+3.59 1.60+1.84 2.299 0.029*
Gastrocnemius (%) 1.01+0.55 2.28+1.53 -4.308 <0.001*

were measured. The second task was to adopt the visual biofeedback con-
dition. During this condition, the participants simultaneously viewed
their plantar foot pressure on the notebook screen along with the video
(Figure 2). If a difference was observed between the forefoot and backfoot
pressure of the participant during standing, the participant was instructed
to minimize the difference (approximately 50% of the ratio between the
forefoot and backfoot) to provide biofeedback (Figure 3). The changes in
the EMG signal and hyperextended knee angle were measured when there
was little pressure difference between the forefoot and backfoot after bio-
feedback was provided about the plantar pressure distribution. The two
tasks were assigned randomly through lot drawing, and the time between

the two tasks was 10 minutes.

4. Statistical analysis

A paired t-test was used to determine the significance between the visual
biofeedback and preferred conditions. The level of significance was set at a
<0.05. All statistical analyses were performed with SPSS ver. 18 (IBM
Corp., Armonk, NY, USA).
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RESULTS

Of the 46 legs of the 23 participants, 30 that met the inclusion criteria were
included in this study. The paired t-test results for the visual biofeedback
and preferred conditions are shown in Table 1. The knee joint angle sig-
nificantly increased in the visual biofeedback condition compared to the
preferred condition (p <0.05). RE, TA, and GCM muscle activities were
significantly different between the visual biofeedback and preferred con-

ditions (p<0.05).

DISCUSSION

We compared the effects of visual biofeedback for foot weight-bearing
distribution on the knee joint angle and lower limb muscle activities in
participants with hyperextended knees. Knee joint angle significantly in-
creased in the visual biofeedback condition compared to the preferred
condition (p<0.05). RF and GCM muscle activities were significantly dif-
ferent between the visual biofeedback and preferred conditions (p < 0.05).
The results of this study prove our hypothesis. Knee joint propriocep-

tion is essential to neuromotor control for the knee joint,14 and somato-
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sensory input from weight bearing helps to increase the accuracy of knee
joint positioning.*"” Thus, maintaining optimal knee joint alignment was
difficult for participants with hyperextended knees. Maintaining optimal
knee joint alignment involves the integration of sensory information from
multiple sources, including the visual, somatosensory, and vestibular sys-
tems.” One way to improve postural control is to give the individual sup-
plementary sensory information regarding their body’s displacements and
orientations, such as visual sensory cues.” Providing visual biofeedback
for foot weight-bearing distribution can alter muscle activities and abnor-
mal joint position in participants with hyperextended knees.” Real-time
biofeedback of information for foot weight-bearing distribution can help
participants learn how to control the knee joint during standing. It pro-
vides real-time feedback on changes in plantar forces between the forefoot
and backfoot. The participants were asked to keep the plantar foot pres-
sure difference to a minimum between the forefoot and the backfoot,
which induced tibia anterior progression. Thus, knee joint alignment was
close to the vertical axis compared to the preferred condition.

Plantar force information about the foot's weight-bearing sites (forefoot
versus backfoot) is known to play a crucial role in the regulation of knee
joint alignment.*** Therefore, biofeedback intervention provides individ-
uals with additional information about their body function with the pur-
pose of developing changes in behavior that lead to better and enhanced
performance.” At this point, we believe that designing and developing a
biofeedback system for correcting knee hyperextension (e.g., plantar force
information provided by plantar soles) would be beneficial for rehabilitat-
ing knee hyperextension.

Visual feedback intervention not only improved knee joint alignment,
but also decreased RF activity and increased GCM activity. To maintain
ideal knee joint alignment, co-contraction of the knee muscles is essen-
tial.*® Therefore, visual feedback intervention may have balanced the BF
by lowering the activity of the RE. Also, the GCM is a flexor of the knee
joint.” When an individual with a hyperextended knee performs knee
flexion to align the forefoot and backfoot through visual feedback, the ac-
tivity of the GCM may increase.

This study had several limitations. First, it was cross-sectional, so longi-
tudinal follow-up is warranted to determine the long-term etfects of bio-
feedback training for participants with hyperextended knees. Further
studies should investigate the long-term effects of biofeedback training for
foot weight-bearing distribution on the hyperextended knee. The second
limitation of this study is that the knee joint angle and muscle activities

were measured in the static condition. Further studies are needed to deter-
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mine the effects of biofeedback on hyperextended knee measures during
dynamic conditions.

The results of this study showed that the visual biofeedback of informa-
tion about plantar pressure distribution is effective for correction of knee
hyperextension. Therefore, we believe that developing a real-time biofeed-
back system that provides information from the plantar sole would im-
prove hyperextended knee outcomes. In the rehabilitation process for a
hyperextended knee, the individual with the hyperextended knee should
be an active learner and practice until the skill of controlling the optimal

knee position is mastered.
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