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postural control system might also be altered
Abstract

The control of human quiet stance has
long been the subject of interest for decades.
Biomechanical and neurological studies have
been extensively evaluated to create the
understanding of how human control their stance
stability. Even though many studies have
committed that human stance is much similar to
the single inverted pendulum (SIP), recent studies
revealed the multi-joint coordination to be more
efficiently control strategy. The studies of multi-
joint coordination are growing in number these
days, and this may indicate the importance to
study the role of other joints, i.e., the knee joint, in
contributing to balance control during quiet
standing. Despite aiding in control balance, the
exact role of the knee joint has never been
reported, further investigations are needed. Since
the ankle and hip joints are linked at the knee joint,
thus the alignment of the knee joint may affect the
postural strategies elicited during balance
correction. Researchers found that individuals
with knee hyperextension, mal-alignment between
femur and tibia, demonstrated poorer stance
stability, but they were still be able to respond to
external perturbations resemble to normal knee
alignment individuals. Some researchers
speculated that individuals with hyper-mobility of
the knee joint may have impaired proprioception
of the knee near end range from flexion to

extension. When the proprioception is altered, the

since the proprioception is important for planning
and adjusting body position and movement. In
spite of the same postural responses, the question
of how the central nervous system (CNS) controls
those movements remains.

Keywords: Quiet stance, Postural control, Knee
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Introduction

Quiet stance is one of the most common
tasks wused in our daily activities. It is
characterized as having a small amount of
spontaneous postural sway, both anteroposterior
(AP) and mediolateral directions'. It has been the
subject of the biomechanics and motor control
researches for decades, but the clear explanation
of the quiet stance has yet to be clarified. Earlier
studies show that the quiet stance is mainly
controlled and organized through the musculature
and passive stiffness of the ankle joint. This is
known as the single inverted pendulum (SIP)

model’. However, recent studies have shown that

the single inverted pendulum is an over-simplified
model and that all three joints of the lower
extremity are involved in the control of the stance
stabilityB’ ‘. This means that the knee joint also
plays role.

The body alignment can affect the stance
stability since it allows the body to efficiently
spend the muscular effort to be maintained in
equilibrium1. However, the alignment of the joint
of the body can vary among people. Considering
the alignment of the knee joint, its variation in the
sagittal plane wusually puts the joint in the
hyperextended position. In this case, the line of
gravity is shifted far forward from the ideal
positionsand changes the load distribution of the
articular surface. This may cause the injuries to
the articular bones and the ligaments of the knee
joint which the joint mechanoreceptors are
pervaded6. Injury to the joint mechanoreceptors
may disrupt the proprioceptive function of the
knee joint and cause adverse consequences to
the postural control systeme.

The researchers reported that the knee
hyperextension affected the stance stability as
shown by the higher center of pressure (CoP)
velocity7. The explanation was not clear why and
how the knee hyperextension caused the different
postural sway since the evidence that examined
the effect of knee hyperextension on postural
control in healthy individual was scarce. The key
answer to this question may lie within the
proprioceptive capability of these individuals

which is now still conflicting.
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Even though the hyperextended knee
individuals demonstrated poorer stance stability,
the postural adjustments about the knee joint were
comparable to the normal knee alignment
individuals’. The questions remained whether the
neuromuscular control between the normal and
hyperextended knee participants would be the
same. The aims of this review were to explore the
role of knee joint and its neuromuscular control in
postural control and whether there was a
difference in postural control between the normal
knee alignment and hyperextended knee
individuals.  The information presented in this
review consisted of the biomechanical models of
the quiet stance. The postural control of quiet
stance which provided the basic information about
the sensory and motor systems that involved in the
control of quiet stance were also recruited.
Importantly, the contribution of the sensory
information, especially the proprioception, was
included into this review since the literature
pointed out the important role of the sensory
information on feedback control mechanism of the

1
human postural response .

Biomechanical models of the quiet stance

The biomechanical models have been
developed to explore the processes of central
nervous system (CNS) in the control of quiet
stance. Identifying the movements related to the
postural task like quiet stance may help the reader

to understand the nature of quiet stance.

The inverted pendulum

The inverted pendulum model has been
developed to investigate how the CNS controls
human upright standing positionz. The outcome of
the control element, particularly the kinetics of
human movements, is reported as the integrated
results of movement control namely center of
pressure (CoP). The inverted pendulum model
predicts that the difference between CoP and
CoM (CoP-CoM) is proportional to the horizontal
acceleration of the CoM, assuming that the
moving body above the ankle joint moves as a
rigid structure. The difference between the CoP
and CoM acts as an error signal that the control
system uses to regulate the movements of the
whole body. The position of the CoP under each
foot expresses the neural control of the ankle
muscles’. For example, when the CoM is shifted
forward during forward sway, the CNS senses that
change and causes the individual to increase their
CoP by generating the plantar flexor torques to
counteract the sway and return the body position
to its earlier steady positionz. Hence, the CoP
related parameters are frequently used in the
research to compare the stance stability of the
individuals, as well as to discriminate people at
risk of fall*®.

The earlier assumption implied that the
human quiet stance was similar to the SIP model
which had been validated by Winter and
colleagues2 and re-validated by Gage and
colIeaguesB. The study by Gage and colleagues
confirmed the idea that human body swayed as
an inverted pendulum by tracking the movements

of infrared emitting diode (IRED) markers placed
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along the longitudinal axis of the body during
standing. They found that the angular
displacement of each IRED marker linearly
increased as the height of the marker increased.
Furthermore, the relationship between body
segment CoM displacement and whole body CoM
displacement was also well correlated”.The
movements of the markers resembled the shape
of the inverted pendulum with fulcrum at the ankle
joint which supported the concept of the inverted
pendulum. However, new evidences did not fully
support the idea of SIp™*°,

De Freitas and colleagues re-examined
the concept of the SIP by constraining knees, hips
and trunk simulating the rigid body above the
ankle joint. The results showed an increased in
postural sway and so did the COP velocity. This
means that the movement regulation at the ankle
joint alone might be insufficient to control the
balance during standingg.

Creath and co-workers demonstrated
that the double inverted pendulum (DIP) was
concurrently presented with the SIP even during
quiet stance'”.  The DIP was the synergistic
movements of the ankle and the hip joints in order
to correct postural deviation. It was primarily
thought to be invoked only when the postural
control system was perturbed1. Creath and co-
workers classified the movement patterns
between the leg and trunk segments into in-phase
and anti-phase patterns according to the power
spectral density of movement frequency. The in-
phase, considered as the leg and trunk segments

moved in the same direction, was found at the

frequency below 1 Hz. On the other hand, the
anti-phase was found at the frequency above 1 Hz
and was considered as the legs and trunk
segments moved in the opposite directions. The
in-phase could be compared to the SIP while the
anti-phase could be compared to the DIP. They
thought that the presence of these two mechanical
movements of the body were selected strategies
by the CNS. They suggested that further
investigations were needed to explore how the
CNS  selected and  coordinated  these
movements'’.

The updated evidences pointed out that

4, 9-11

the SIP was an oversimplified model The
more advanced technology combined with the
movement analysis techniques allow the
researchers to extend the model of quiet stance
more comprehensively. Actually, some kinematics

studies had shown some contribution of joints

other than the ankle joint during quiet stance” .

Multijoint coordination: the more explicative model

The study by Hsu and co-workers
revealed small angular movements at joints along
the longitudinal axis of the body and showed that
human stance was inherently unstable”. Using the
three dimensional study, they found that joints
along the longitudinal axis of the body were
destabilised and re-stabilised at all time to regain
a stable position. These joints included the ankle,
knee, hip, lumbo-sacral junction, C7-T1 junction
and atlanto-occipital joint. A small amount of the
knee joint angular displacement even during quiet

stance was also found. Giving that joint angles
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varied, the body CoM position was quite relatively
stable”.

In accordance with Hsu's study, Gage
and coworkers speculated the displacement of
the IRED markers of the knee joints even during
normal stance on a fixed supporting surface.
Gage reported that the displacement of the ankle
joint markers were lower than that of the other joint
markers, including the knee joint markers. The
researchers also reported that the relationship
between the knee joint angular displacement and
the whole body CoM displacement was higher
than that of the ankle angular displacement and
the whole body CoM displacement. Gage
proposed that the movement of the knee joint
allowed the lower extremities to track the body
CoM more consistently than when only the ankle
movement alone was considered’.

The study by Gunther and co-workers
further supported the contribution of the knee joint
during quiet standing”. Integrating the knee joint
into the model also resulting in the more effective
control of stance stability. The knee joint showed
coupling movement as well as torque coupling to
both the ankle and hip joints. Considering the
joint movements, the ankle and knee joints
showed strong angular coupling both in-phase
and anti-phase correlation. The knee and hip joint
angular coupling also presented but less than
ankle-knee angular coupling. The joint torque
between the ankle and knee joints were highly
correlated in all trials, but knee joint torque and
hip joint torque was less strong but still

considered as high correlation. They suggested

that the knee joint offered more dynamic
mechanical control of the quiet stance'".

The data from the literature were less
likely to corporate the knee joint into the model of
the control of quiet stance. The main joints that
were thought to be responsible for postural
strategy seem to involve only the ankle and the hip
joints. This speculation led to a question whether
the knee joint was pre-programmed to be rigidly
moved during postural adjustment12. To answer
this question, Di Giulio and co-workers conducted
a study to evaluate the role of the knee joint in
postural control of quiet stance. Using gentle
knee joint perturbation (applied pulling force 1 -
10 N), their results demonstrated two patterns of
responses with ones, great number of the
participants, kept their knees straight while the
others let their knees flexed and moved in
accordance with the perturbation12. Their findings
represented two different postural strategies,
keeping the knee straight and flexing the knee.

Why the majority of the participants kept
their knee straight? The reasons for keeping their
knees straight might be explained through the
geometry of the articular surface and the
biomechanics of the knee joint in full extension
position.  When the knee is placed in full
extension, the screw home mechanism puts the
knee joint in a close pack position that ensures the
most stability position of the joint. By all means,
this joint position creates a stable position and
generates more proprioceptive information at
once® . Although the knees were kept straight
during perturbations, other alternative strategies

could not be disregarded as some participants
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had their knees flexed. Flexing the knee joints
during standing might be another strategy that
human used to lower the body COM in order to
increase stability which offered some benefits to
the postural control system. The study by Pereira
and colleagues demonstrated the greater stability
measured with Biodex Stability System when
participants stood with their knees slightly flexed
rather than kept the knees straightm.

The multijoint coordination contradicts
the assumption of the SIP model. The CNS makes
special efforts to limit sway of the body by
coordinating movements at all joints such that
most joint motion is decoupled from motion of the
body in space4. To coordinate movements of the
joints across the body requires a good postural

control.

Postural control of quiet stance

The control of quiet stance is truly
dynamic processes that need a good coordination
between the neural and musculoskeletal systems.
The nervous system controls body equilibrium and
reacts in response to sensory feedbacks to
achieve a stable upright position. The interaction
between the perception system and action system
is essential to keep balance'. An active sensory
processing along with the constant mapping of
perception to action is needed, so that the
postural control system is able to detect body
position in space and can anticipate which
direction the body is moving to. To know exactly
where the body is in space, the CNS needs

sensory information from the visual, vestibular,

and somatosensory systems. These three sensory
systems form the perceptual system which
provides the brain with important and unique
information regarding the ability of each System1.
The visual system provides the sense of
head position and movement in space, as well as
the sense of verticality. Moreover, it also provides
information about the relationship between the
body and environment. The vestibular system
aids in detection of the head positions and
movements with respect to gravity and inertial
forces. Lastly, the somatosensory system
provides the central nervous system with the
positions and movements of the body regarding
support surface. In addition, somatosensory
inputs from various sources of the body aid in
determining relationship among body segmentsw.
In order to gain maximal stability, all three sensory
systems are required otherwise body sway
increases” "°. It was reported that the individuals
with somatosensory or vestibular loss were able to
stand quietly as normal individuals, given that one
out of the three sensory was well preserved%.
However, these individuals showed a difficulty in
selecting an appropriate postural strategy when
they were imposed to some kind of environmental
constraint. The availability of the three sensory
systems, hence allowed the individuals to
coordinate movements and to select as well as to
execute appropriate postural strategies%. Among
the three sensations, the proprioception is the
most influential sensation to the control of quiet

stance.
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The proprioception

Proprioception is the capability of the
individual to perceive body positions and
movements in space, and is based on the sensory
signals deriving from the muscle spindle, joint
mechanoreceptors, and the cutaneous receptors

-19
Some

without the use of visual information'®
researchers suggested that the motor cortex may
contribute in detecting joint movements™. The
proprioceptive afferents reach the brain via the
posterior column-dorsal lemniscal pathwang.
These signals synapse at many levels within the
CNS and are integrated to create the perception
of the extremities and trunk positions, thereto
execute accurate movements and to avoid an
extreme joint range of motion preventing joint
injury. The roles of the proprioception can be

categorised into two aspects as being described

below.

The role of proprioception in postural control

The role of proprioception in postural
control is extremely vital. The sensory from both
internal and external cues help individuals to
adapt motor performance to match the task being
performed and surrounded environment. The
proprioceptive information is used to plan and
modify motor outputsm. The signals project to
areas of the cerebral hemisphere. These areas
include primary somatosensory areas (area 2 and
3a), primary motor cortex, premotor cortex,
supplementary motor cortex, cingulate motor area,

2 .
These cortical areas work

and cerebellum™ ?
together to plan and initiate movements to achieve

smooth and coordinated movements. The

supplementary motor area is responsible for
initiating and controlling internally generated
movements, while the premotor area s
responsible for controlling the movements that are
activated by external stimuli. As the motor
commands from the primary motor cortex project
to the muscles, the cerebellum compares the
motor output with the goal movement. The motor
control  undergoes  constant review and
modification based upon the integration and
analysis of sensory inputs, efferent motor
commands, and resultant movements. If the
movement does not achieve the goal, the CNS
adjusts them. This process is instantaneous,
ongoing process which helps us achieve smooth
and well-coordinated movements .

The other aspect of the proprioception
aiding the postural control is concerning the
external environment. The example of this
situation is  when individuals use the
proprioceptive cues to adjust their body position
to external perturbation, such as walking on
uneven surface. They can sense the roughness of
the supporting surface and adjusting the ankle
position before they see it. Moreover, the
responses to proprioceptive cues, in this situation,
are faster and more accurate than those to the

. . . 21
visual information” .

The role of proprioception and functional joint
stability

Underlying the execution of all motor
tasks are particular events that are aimed at
preparing, maintaining, and restoring stability of

both the entire body (postural stability) and the
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body segments (joint stability). The joint and
muscle stiffness together with viscoelasticity of the
ligaments allow individuals to safely move their
joint through range of motion. The attachments of
the ligament guide the movement of the adjoining
bones’'. Both muscle and ligament exhibit neural
properties that accomplish each other in
stabilising joint from unexpected perturbations via
ligamento-muscular reflex”?'. The neural signals
from the stretched ligaments trigger muscular
response related to the function of these
ligaments. The knee joint stability is formed by the
mechanical properties of muscles, tendons,
ligaments, and joint capsules along with the neural
properties from the stretched ligaments
surrounding it’.  The anterior cruciate ligament
(ACL), as one of the main ligament of the knee
joint, is also found involved in the activation of
hamstring muscle reflex. The synergistic
activation of the hamstrings muscle prevents
excessive anterior tibial translation’. The
interactions between sensory inputs and motor
outputs represent neuromuscular control which
contributes to joint stability. The translation from
sensory signals to motor outputs is managed by

the action system.

The action system of the postural control

The action systems are fundamental to
motor control and movements'. These systems
include the areas of the frontal cortex, brain stem,
cerebellum, spinal networks, motor neurone, and
muscles. The main factors that have influences on

the control of quiet stance include postural tone,

muscle tone, and body alignment. The postural
tone refers to muscle activity that is generated by
postural muscles during upright position, while the
muscle tone refers to muscle activity that
increases due to the muscle is being elongated.
Body alignment could affect how our body reacts
to the gravitational force’. The joint alignment
varies among people, some are normal but some
may be considered as abnormal. Knee
hyperextension is one of the most common joint
variations seen in the community that may lead to
the destruction of knee joint structures and is more

likely to develop degenerative joint disease” .

Knee hyperextension:  Biomechanical and

Structural alterations

Knee hyperextension is characterised
as having range of knee extension beyond
anatomical position. The range of motion more
than 5 degrees extension is considered as having
knee hyperextensions, another characterisation
defines the knee hyperextension to be as much as
10 degrees beyond anatomical position24.

The complexity of the knee joint
geometry allows the joint to be moved in 6
degrees of freedom combining gliding and rolling
through all movements””.  When the knee is
moved from flexion to extension, the femur rolls
anteriorly and glides posteriorly on the fixed tibia.
During terminal extension, the femur continues to
internally rotate over the tibia. If the knee is
hyperextended, the femur does not continue to roll
anteriorly but tilts forward instead. This movement

causes the anterior compression between the
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femur and tibia’. Fish and Kosta identified types
of knee hyperextension into three distinct profiles
according to rotary alignment of the tibia: knee
hyperextension with external rotary deformity,
knee hyperextension with internal rotary deformity,
and knee hyperextension without tibial rotation .
When deviation occurs, it can alter the alignment
of the joints proximally and distally at a time.
Shultz and colleagues found the association
between knee hyperextension and anterior knee
joint Iaxityzs. The presence of greater knee
hyperextension simultaneously with foot pronation
was the strongest predictors of anterior knee joint
|a><ity25. The ankle-foot complex and weight
distribution might also be disturbed.

The causes of knee hyperextension are
various. It may be inherited or acquired through
training, i.e., ballet dancer or gymnast.
Considering the cause of knee hyperextension
from the knee joint structures, it can be classified
into three types, knee hyperextension with
alterations of bony elements, knee hyperextension
with stretching of soft tissue elements, and knee
hyperextension with bony and soft tissue
alterations (mixed type)%. These alterations cause
the alignment of the bones to deviate from the
normal anatomical position. The changes of the
knee alignment interrupt the soft tissues around
and within the knee joint.

The common soft tissues that are
usually interrupted in the knee hyperextension
mostly found at the posterolateral corner of the
knee joint. These structures include the ACL,
lateral collateral ligament (LCL), tendon of

popliteus muscle, and lateral head of

. 5 27
gastrocnemius  muscle

Among these
structures, the ACL is frequently involved in
hyperextension injury of the knee joint. The
mechanoreceptors that signal proprioceptive
information to the CNS can also be found in the
ACL®. Consequently, the ACL has influence upon
knee joint stability via mechanical and
neuromuscular  functions. Its  mechanical
properties help prevent excessive anterior tibial
translation and knee extension. The neurological
property of the ACL is capable of restriction of the
motion of knee extension through activation of the
hamstring muscle reflex (Di Fabio et al., 1992).
Once it is injured, the movement as well as the
neuromuscular control of the knee joint is altered”
25,28

From the data described above, the
knee hyperextension causes the deviation of the
knee joint itself’ as well as the hip joint and the
ankle-foot complexm. This information may reflect
the altered weight acceptance and weight
distribution within the foot during standing and
walking. Moreover, the neurological properties of
the ligament that aid postural control system are
also disruptede’ * The biomechanical alteration
accompanies with the altered sensory perception,
though not obviously, can lead to a poor postural

control.

Knee hyperextension affects postural control
Siqueira and colleagues conducted a
study to investigate whether knee hyperextension
affected human stance stability7. Their results
revealed that when postural control was more

challenged, most of the participants tended to
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bend their knees as they tried to regain postural
stability. The difference of COP velocity was
found between normal knee and knee
hyperextension groups. During standing on firm
surface with eye open, the knee hyperextension
group showed higher COP velocity in the AP
direction. However, in the most challenging
condition, i.e., standing on foam surface with eyes
closed, the knee hyperextension group showed
the lowest COP velocity7. The COP velocity is
used to describe the postural control abilitys.
Thus, it may be concluded that the ability to
control stance stability of individuals with knee
hyperextension might be differ from those
individuals with normal knee alignment. The
results from Siqueira’s study were in accordance
with the concept of the effects of body alignment
on postural control of quiet stance. Even the
same postural responses were found in Siqueira’s
study, we still lack the neuromuscular control
information.

A person who exhibits knee
hyperextension may have impaired proprioception
of the knee joint near end range of knee flexion to
extension’. This is still questionable whether the
ability to detect knee position of individuals with
knee hyperextension is preserved. The pilot study
of Loudon and colleagues found that individuals
with  knee hyperextension were unable to
reproduce knee joint angle in the last 15 degrees
of extension’. However, the study by Stillman et
al. was on the contrary. They reported that the
individuals with knee hyperextension were able to

reproduce knee joint angle within 15 degrees from

their knee extension limit with more accurate and
reliable than normal participant324. The ability of
individuals with knee hyperextension in detecting

knee joint position sense is still controversial.

Conclusion

Biomechanical studies of postural
control supported the role of knee joint in postural
control during quiet stance. The contribution of
the knee joint may aid the body to track the
movement of whole body COM more consistently.
Once the alignment of the knee joint is changed,
the ability to keep the body equilibrium is also
changed. In individuals with knee hyperextension,
the CNS is still able to regulate and respond to
postural disturbance. Although the similar
response pattern has been observed, how the
CNS control and respond to the perturbation is
unknown. Additionally, the ability to detect knee
joint position in these people is controversial.
Further investigation is needed to explore how

knee joint contribute in control of quiet stance.

References
1. Shumway-Cook A, Woollacott M. Postural
control. In:  Motor control: translating
research into clinical practice. 4th ed.
Philadelphia: Lippincott William & Willkins;

2012.
2. Winter DA. Human balance and posture
control during standing and walking. Gait

Posture. 1995;3:193-214.

174



1191 35 a1fui 311 2556

How do knee joint and its alignment contribute

to the postural control of quiet stance?

10.

1.

Gage WH, Winter DA, Frank JS, Adkin AL.
Kinematic and kinetic validity of the
inverted pendulum model in quiet standing.
Gait Posture. 2004;19:124-32.

Hsu WL, Scholz JP, Schoner G, Jeka JJ,
Kiemel T. Control and estimation of posture
during quiet stance depends on multijoint
coordination. J Neurophysiol. 2007 ; 97 :
3024-35.

Loudon JK, Goist HL, Loudon KL. Genu
recurvatum syndrome. J Orthop Sports
Phys Ther. 1998; 27: 361-7.

Solomonow M. Sensory-Motor control of
ligaments and associated neuromuscular
disorders. J Electromyogr Kines. 2006;16:
549-67.

Siqueira CM, Moya GBL, Caffaro RR, et al.
Misalignment of the knees: does it affect
human stance stability. J Bodywork Mov
Ther. 2011;15: 235-41.

Raymakers JA, Samson MM, Verhaar HJJ.
The assessment of body sway and choice
of the stability parameter(s). Gait Posture.
2005; 21:48-58.

De Freitas PB, Freitas SMSF, Duarte M,
Latash ML, Zatsiorsky VM. Effects of joint
immobilization on standing balance. Hum
Movement Sci. 2009; 28:515-28.

Creath R, Kiemel T, Horak F, Peterka R,
Jeka J. A unified view of quiet stance and
perturbed stance: simultaneous co-existing
excitable modes. Neurosci Lett. 2005;
377:75-80.

Gunther M, Grimmer S, Siebert T, and

Blickhan R. All leg joints contribute to quiet

12.

13.

14.

15.

16.

17.

18.

19.

20.

stance: A mechanical analysis. J Biomech.
2009; 42:2739-46.

Di Giulio I, Baltzopoulos V, Maganaris CN,
Loram ID. Human standing: does the
control strategy pre-program a rigid knee?
J Appl Physiol. 2013; 114:1717-29.

Fish DJ, Costa CS. Genu recurvatum:
identification of three distinct mechanical
profiles. J Prosthet Orthot. 1998; 10:26-33.
Pereira HM, de Campos TF, Santos MB,
Cardoso JR, de Camargo Garcia M, Cohen
M. Influence of knee position on the
postural stability index registered by the
Biodex Stability System. Gait Posture. 2008;
28:668-72.

Horak FB, Nashner LM, Diener HC. Postural
strategies associated with somatosensory

and vestibular loss. Exp Brain Res. 1990;

82:167-77.
Stillman BC. Making sense of
proprioception: the meaning of

proprioception, kinaesthesia and related
term. Physiotherapy. 2002; 88:667-76.
Goble DJ.

Proprioceptive acuity

assessment via joint position sense
matching: from basic science to general
practice. Phys Ther. 2010; 90:1176-84.
Proske U, Gandevia SC. The kinaesthetic
senses. J Physio. 2009; 587:4139-46.
Gillman S. Joint position sense and
vibration sense: anatomical organization
and assessment. J Neurol Neurosurg
Psychiatry. 2002; 73:473-7.

Naito E, Roland PE, Henrik Ehrsson H. | feel

my hand moving: a new role of the primary

175



Pawan Chaiparinya et al.

How do knee joint and its alignment contribute

to the postural control of quiet stance?

21.

22.

23.

24.

25.

26.

27.

28.

motor cortex in somatic perception of limb
movement. Neuron. 2002; 36:979-88.
Rieman BL, Lephart SM. The sensorimotor
system. Part Il: the role of proprioception in
motor control and functional joint stability. J
Athletic Training. 2002; 1:80-4.

Naito E, Roland PE, Grefkes C, et al.
Dominance of the right hemisphere and
role of area 2 in human kinesthesia. J
Neurophysiol. 2005; 93:1020-34.

Tanamas S, Hanna FS, Cicuttini FM, Wluka
AE, Berry P, Urquhart DM. Does knee
misalignment  increase the risk of
development and progression of knee
osteoarthritis? A systematic review. Arthritis
Rheum. 2009; 61:459-67.

Stillman BC, Tully EA, McMeeken JM. Knee
joint mobility and position sense in healthy
young adults. Physiotherapy. 2002; 88:553-
60.

Shultz JS, Nguyen AD, Levine BJ. The
relationship  between lower extremity
alignment characteristics and anterior knee
joint laxity. Sports Health. 2009;1:54-60.
Dejour D, Bonin N, Locatelli E. Tibial
antirecurvatum osteotomies. Oper Techn
Sport Med. 2000; 8:67-70.

Fornalski S, McGarry MH, Csintalan RP,
Fithian DC, Lee TQ. Biomechanical and
anatomical  assessment  after  knee
hyperextension injury. Am J Sports Med.
2007; 36:80-4.

Di Fabio RP, Graf B, Badke MB, Breunig A,

Jensen K. Effect of knee joint laxity on long-

loop postural reflex: evidence for human
capsular-hamstring reflex. Exp Brain Res

1992; 90:189-200.

176



	De Freitas and colleagues re-examined the concept of the SIP by constraining knees, hips and trunk simulating the rigid body above the ankle joint.  The results showed an increased in postural sway and so did the COP velocity.  This means that the mo...
	Creath and co-workers demonstrated that the double inverted pendulum (DIP) was concurrently presented with the SIP even during quiet stance10.  The DIP was the synergistic movements of the ankle and the hip joints in order to correct postural deviati...
	The updated evidences pointed out that the SIP was an oversimplified model4, 9-11.  The more advanced technology combined with the movement analysis techniques allow the researchers to extend the model of quiet stance more comprehensively.  Actually,...
	Multijoint coordination: the more explicative model
	The study by Hsu and co-workers revealed small angular movements at joints along the longitudinal axis of the body and showed that human stance was inherently unstable4.  Using the three dimensional study, they found that joints along the longitudina...
	In accordance with Hsu’s study, Gage and coworkers speculated the displacement of the IRED markers of the knee joints even during normal stance on a fixed supporting surface.  Gage reported that the displacement of the ankle joint markers were lower ...
	The study by Gunther and co-workers further supported the contribution of the knee joint during quiet standing11.  Integrating the knee joint into the model also resulting in the more effective control of stance stability.  The knee joint showed coup...
	The data from the literature were less likely to corporate the knee joint into the model of the control of quiet stance.  The main joints that were thought to be responsible for postural strategy seem to involve only the ankle and the hip joints.  Th...
	Why the majority of the participants kept their knee straight?  The reasons for keeping their knees straight might be explained through the geometry of the articular surface and the biomechanics of the knee joint in full extension position.  When the...
	The multijoint coordination contradicts the assumption of the SIP model.  The CNS makes special efforts to limit sway of the body by coordinating movements at all joints such that most joint motion is decoupled from motion of the body in space4.  To ...
	Postural control of quiet stance
	The control of quiet stance is truly dynamic processes that need a good coordination between the neural and musculoskeletal systems.  The nervous system controls body equilibrium and reacts in response to sensory feedbacks to achieve a stable upright...
	The visual system provides the sense of head position and movement in space, as well as the sense of verticality.  Moreover, it also provides information about the relationship between the body and environment.  The vestibular system aids in detectio...
	The proprioception
	Proprioception is the capability of the individual to perceive body positions and movements in space, and is based on the sensory signals deriving from the muscle spindle, joint mechanoreceptors, and the cutaneous receptors without the use of visual ...
	The role of proprioception in postural control
	The role of proprioception in postural control is extremely vital.  The sensory from both internal and external cues help individuals to adapt motor performance to match the task being performed and surrounded environment.  The proprioceptive informa...
	The other aspect of the proprioception aiding the postural control is concerning the external environment.  The example of this situation is when individuals use the proprioceptive cues to adjust their body position to external perturbation, such as ...
	The role of proprioception and functional joint stability
	Underlying the execution of all motor tasks are particular events that are aimed at preparing, maintaining, and restoring stability of both the entire body (postural stability) and the body segments (joint stability).  The joint and muscle stiffness ...
	The action system of the postural control
	The action systems are fundamental to motor control and movements1.  These systems include the areas of the frontal cortex, brain stem, cerebellum, spinal networks, motor neurone, and muscles.  The main factors that have influences on the control of ...
	Knee hyperextension: Biomechanical and Structural alterations
	Knee hyperextension is characterised as having range of knee extension beyond anatomical position.  The range of motion more than 5 degrees extension is considered as having knee hyperextension5, another characterisation defines the knee hyperextensi...
	The complexity of the knee joint geometry allows the joint to be moved in 6 degrees of freedom combining gliding and rolling through all movements13.  When the knee is moved from flexion to extension, the femur rolls anteriorly and glides posteriorly...
	The causes of knee hyperextension are various.  It may be inherited or acquired through training, i.e., ballet dancer or gymnast.  Considering the cause of knee hyperextension from the knee joint structures, it can be classified into three types, kne...
	The common soft tissues that are usually interrupted in the knee hyperextension mostly found at the posterolateral corner of the knee joint.  These structures include the ACL, lateral collateral ligament (LCL), tendon of popliteus muscle, and lateral...
	From the data described above, the knee hyperextension causes the deviation of the knee joint itself5 as well as the hip joint and the ankle-foot complex13.  This information may reflect the altered weight acceptance and weight distribution within th...
	Knee hyperextension affects postural control
	Siqueira and colleagues conducted a study to investigate whether knee hyperextension affected human stance stability7.  Their results revealed that when postural control was more challenged, most of the participants tended to bend their knees as they...
	A person who exhibits knee hyperextension may have impaired proprioception of the knee joint near end range of knee flexion to extension5.  This is still questionable whether the ability to detect knee position of individuals with knee hyperextension...
	Conclusion
	Biomechanical studies of postural control supported the role of knee joint in postural control during quiet stance.  The contribution of the knee joint may aid the body to track the movement of whole body COM more consistently.  Once the alignment of...
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