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ABSTRACT

Background: Balance in the human body is maintained by the coordinated integration of sensory input from
somatosensory, vestibular and visual system. This coordinated response to stimuli must be transmitted to
appropriate muscles to maintain or to correct balance. Both static and dynamic stabilizers provide support to
the normal knee joint where static stabilizers include ligament, meniscus and joint capsule which provide
stabilization to the joint. Altered response in these sensory inputs may affect balance. Proprioceptive feedback
is received from the sensory receptors present in the joint to maintain knee joint position, which gets altered due
to microtrauma in the aging process, which thus affects balance. In elderly, this loss of balance is correlated
with increased risk of falls. So, it is important to study the correlation between static balance and knee proprio-
ception in elderly.

Purpose of the study: To understand the correlation of static balance with knee proprioception.
Methodology: It was an Observational cross- sectional study in which 70 subjects were enrolled as per the
inclusion and exclusion criteria, after which a written informed consent was taken. Knee proprioception error
was assessed in standing position using a goniometer. Static Balance was assessed using Tandem Stance Time.
Results: The study showed negative correlation between Right knee proprioception error and tandem stance time,
r=-0.1207 and left knee proprioception error and tandem stance time, r=-0.1222.

Conclusion: Thus, the study concluded that there is negative correlation between knee proprioception error and
static balance, i.e. lesser the knee proprioception error better is the static balance.
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INTRODUCTION and extension occurring in sagittal plane around

Knee joint is the most injured joint in the body.
It is a complex joint which is composed of two
distinct articulations which are located within a
single joint capsule; Tibiofemoral and Patello
femoral joint. The tibiofemoral joint is the
articulation between distal femur and tibia
and is a double condyloid joint with three
degrees of freedom of angular motion. Flexion
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a coronal axis through the epicondyles of distal
femur, medial-lateral rotation occur in transverse
plane about a longitudinal axis through the
lateral side of medial condyle and abduction-
adduction occur in frontal plane around an
anterior posterior axis. The knee joint capsule
and the associated ligaments restrict excessive
joint motion to maintain joint integrity and
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maintain normal function. The joint capsule also
provides a tight seal to lubricate the synovial
fluid within the joint space. Anterior cruciate
ligament (ACL), Posterior cruciate ligament
(PCL), Medial Collateral ligament (MCL), Lateral
collateral ligament (LCL) are the ligaments that
provide support to the knee joint. These
ligaments prevent excessive knee extension,
varus and valgus stresses at the knee, anterior
or posterior displacement of the tibia beneath
femur, medial and lateral rotation of the tibia
and also maintains its rotary stabilization. In
normal gait, a coordinated motion between
hip-knee-ankle is required. Adequate range of
motion at these joints brings about the normal
gait. At hip, 20° of extension to 20° of flexion; at
knee, 0°-60° flexion and at ankle, 25°
plantarflexion to 7° of dorsiflexion is required
[1,2].

Balance is the ability to maintain posture for
performing activities and counteract conflicts
and in other words maintaining body mass
center within base of support (BOS). Balance is
a complex process. Upright posture is achieved
by the integration of sensory input and by
planning and execution of movement. Static
balance is the ability to maintain the center of
gravity (COG) within the BOS and keep the
center of pressure (COP) of the body as
immobile as possible within the BOS. Various
systems co-ordinate to maintain balance [3,4].
First physiological component of Sensory data,
which is critical to balance, is provided prima-
rily from visual, vestibular and somatosensory
systems. Vision helps to orient the body in space
by referencing vertical and horizontal axis of
object around them. Acuity refers to the ability
to detect subtle differences in shapes and
letters, whereas contrast sensitivity is the
ability to detect subtle differences in shading
and patterns. Peripheral vision is the ability to
see from the side while looking straight ahead,
and depth perception is the ability to distinguish
distance. The vestibular system also provides
key sensory data for balance control by provid-
ing the Central Nervous System (CNS) with
information to maintain head and body position.
Another physiological component which main-
tains balance is the somatosensory system [5,6].

Proprioceptive information is provided to the CNS
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by the joint, tendon, muscle receptor which gives
information regarding motions of the body with
respect to support surface and motion of the
body segments with respect to each other.
Human being is aware of the position of the
limbs both in moving and in stationary condi-
tions. In normal healthy knee, both static and
dynamic stabilizers provide support. Static
stabilizers include ligament, meniscus and the
joint capsule. They provide stabilization to the
joint. The capsulo-ligamentous structures play
animportant role by detecting joint position and
motion. The afferent information from the
receptors is processed in the CNS at one of three
levels: the spinal cord (for reflexive activation);
the lower and mid-brain (for automatic activa-
tion) or the cortex (for voluntary movements).
This information is then combined with infor-
mation from the eyes and inner ear to provide
an appropriate stabilizing reaction [7].

Charles Sherrington defined proprioception in
1906 as, “The perception of joint and body move-
ments as well as position of the body, or body
segments, in space.” Proprioception can also be
defined as the cumulative neural input from
mechanoreceptors (specialized nerve endings
present in joints, capsules, ligaments, muscles,
tendons and skin) to the CNS. Proprioception can
be described as;

a) Sense of Position: Awareness of position of
one’s own limbs and the orientation of their body
parts with respect to one another.

b) Sense of Movement: Ability to perceive both
direction and velocity of movement.

c) Sense of Force: Ability to estimate amount of
muscle force that must be exerted [3].

Proprioception can be assessed by Joint
Position Sense (JPS) and sense of limb
movement. These components of proprioception
are necessary for smooth and coordinated
movements. It also maintains normal body
posture, regulates normal balance and postural
controland motor learning and relearning. With
aging, due to deterioration in proprioception,
there is decline in motor coordination and
balance abilities. The somatosensory system
and specifically the proprioceptive system are
critically involved in sensory control of balance.
Adecrease in proprioception leads to abnormal
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joint biomechanics which affects functional ac-
tivity such as walking. Repeated injury occurs
due to abnormal pathomechanics which leads
to degenerative joint disease.

Proprioception involves central and peripheral
components. At peripheral level, proprioception
is based on cumulative neural response from the
mechanoreceptors. Internal feedback loops
transmit information between and within
sensory and motor areas. Advancing age causes
decline in proprioception at both central and
peripheral level. At peripheral level there is
affection of the muscle spindle along with
deficits in processing of sensory input (myelin
abnormalities, axonal atrophy and reduced nerve
conduction velocity) and neuromuscular
performance decline. At central level, central
somatosensory pathways conductive function is
affected by normal aging. Aging induces progres-
sive loss of dendrite system in motor cortex,
losses in number of neurons and receptors and
neurochemical changes in the brain. Age related
changes in proprioception was assessed by
Kaplan et. al., using two techniques that required
active movement and found that older subject
had reduced proprioception as compared to
younger subjects. The lower limb knee joint
position sense is negatively affected by aging
[8-10].

Since the decrease in proprioception affects
balance, which subsequently leads to falls in the
elderly, there is decrease in quality of life,
permanent limitation of activity or even death
due to injury. Hence, it is important to under-
stand the relation between proprioception and
static balance.

METHODOLOGY

Approval was taken from the Institutional
Ethics Committee and a written informed
consent was taken from all the subjects. The
estimated sample size was 70. It was an
Observational Cross-sectional study which was
conducted in the OPD of Physiotherapy depart-
ment of a Tertiary Health Care Center. Subjects
included were both male and female above the
age of 60 years, who could stand independently,
subjects having knee pain with VAS =0 (at rest)
and VAS< 4 (on activity) [11]. Materials used were
Goniometer[12, 13], Geriatric Depression Scale
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(GDS) [14], Montreal Cognition Assessment
Scale (MoCA) [15,16] and watch. Subjects with
symptomatic cardiovascular, musculoskeletal
and (or) neurological condition accounting im-
balance, any surgery of the lower limbs, uncor-
rected visual impairments, vestibular impair-
ments, uncontrolled Hypertension and Diabetes
Mellitus, subjects with GDS score > 9, subjects
with MoCA score < 26 and use of psychotropic
drugs were excluded from the study.

Data was collected in a single test session.
Subjects meeting the inclusion and exclusion
criteria were selected. The following were the
steps to conduct the procedure.

Assessment of knee proprioception error:

- Knee proprioception error was assessed in
standing position.

- Agoniometer with the fulcrum was placed over
the lateral aspect of knee joint and tied with
Velcro straps. (Figure 1)

- The subject was asked to squat till his/her knee
attained an angle of 30%°and then asked to
maintain it for 15 seconds. (Figure 2)

- Subject was blindfolded to block visual input.

- After maintaining the position for 15 seconds,
the leg was returned to 0° knee extension.

- The subject was then asked to return to the
position perceived as the target and report.

- Each subject was made to perform 3 trials in
order to obtain a realistic sample of joint
position sense accuracy.

- 3 trials were conducted and the angle error
was noted.

- Average of the 3 readings and the absolute
value was noted [3,7,17,18].

Assessment of static balance:

- Static Balance was assessed using Tandem
Stance Time.

- It was performed in the standing position with
the heel of preferred foot in front of and touch-
ing the toes of the other foot. (Figure 3)

- Timing was started when the person puts one
foot in front of the other and the tester removes
the support.

- Timing was stopped when the person moves
out of Tandem or contacts external support or
when completed maximum of 30 seconds [19-
24].
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Fig. 1: Starting position to assess knee
joint proprioception.

RESULT

Graph 1: Correlation of Knee joint proprioception error
of Right leg at 30° with static balance.
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Graph 2: Correlation of Knee joint proprioception error
of Left leg at 30° with static balance.
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Data was analysed using Graph Pad prism
version 8.1.1. Since, the data did not pass
normality, Non- parametric test, i.e. Spearman
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Fig. 2: Assessment of knee joint
proprioception at 30°.
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Fig. 3: Assessment of static balance
using Tandem Stance Time

Correlation co-efficient was used for correlation
between Right knee proprioception error vs
Tandem stance time and Left knee propriocep-
tion error vs Tandem stance time.

A weak negative correlation of -0.1207 was
found between Knee joint proprioception
error of Right leg at 30° with static balance.
(Graph 1)

A weak negative correlation of -0.1222 was
found between Knee joint proprioception error
of Left leg at 30° with static balance. (Graph 2)

DISCUSSION

The study shows negative correlation between
knee proprioception error and static balance
which means that community dwelling elderly
showed better static balance with reduced knee
proprioception error.

R. Bhaktiari stated that co-ordination of various
sensory inputs such as the visual, somatosen-
sory and vestibular system helps to maintain
balance. Each of these systems play a signifi-
cant role as it relays the information about body
position and motion to the CNS, and thus it
maintains balance control [3,4]. An ecological
approach, used by Stoffregen and Riccio,
described the use of sensory systems for
balance control. An Intermodal theory was
explained which suggested that the interaction
of these systems is critically important to
maintain postural control. A contrasting theory
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to the intermodal theory is the sensory reweigh-
ing theory, which suggested that even with
altered sensory environment, the postural
control system will be able to maintain its
stance. These sensory systems contribute in a
unique way to maintain postural control. It is
also stated that the postural response in differ-
ent sensory conditions are due to changes in
the weights [6]. Sensory weighing implies that
the “gain” of the sensory input depends on the
accuracy of the sensory system, since it acts as
a reference system for body motion. With
aging, the relative accuracy of these sensory
signals reduces, thus older adults rely more on
vision other than vestibular and somatosensory
system to maintain postural control. Peterka
measure the size of postural sway as a function
of magnitude of visual signals. With increase in
the amplitude of visual signals in normal
subjects’ a decreased gain to visual inputs was
demonstrative of adaptive sensory reweighting.
There are two types of sensory reweighting:
Inter-modality reweighting and intra-modality
reweighting. Inter-modality reweighting means
a change in the gain of sensory modality due to
the magnitude change of the motion signal of
the same sensory modality. Change in the gain
of a sensory modality due to the magnitude
change of motion signal from a different
sensory modality is Intra- modality reweighting.
Along with sensory reweighting, the postural
movement strategies are used to maintain
equilibrium. Strategies can be of two types:
Feedback and feed forward control strategy.
Feedback control refers to postural control that
occurs in reference to sensory feedback from
external perturbation. Feed forward control
refers to postural response that are made in
anticipation of a voluntary movement that is
potentially destabilizing in order to maintain
stability during movement [10,25-27].

Since, all the three systemes, i.e. the somatosen-
sory, vestibular and visual system rely on each
other to maintain balance control, it is neces-
sary to understand how it contributes for the
function.

Somatosensory system: Proprioception is
cumulative neural input to the CNS from
specialized nerve endings called mechanore-
ceptors which are located in the joint, capsule,
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ligaments, muscle, tendons and skin [8].

Mechanoreceptors are specialized sensory
receptors, that transduce the mechanical events
as modulated neural signals to the CNS through-
out afferent sensory pathway. Proprioception
involves central and peripheral components. At
peripheral level, proprioception is dependent on
cumulative neural input from mechanoreceptors.
The central component involves feedback loops
that transmit information between and within
the sensory and motor areas. With aging,
proprioception declines at both central and
peripheral level. At peripheral level, anatomical
and physiological changes occur at the
mechanoreceptors. Muscle spindle function
changes due to decrease in the static and
dynamic sensitivities and decreasing the total
number of intrafusal muscle fibres and nuclear
chain per spindle. These changes in the muscle
spindle function contribute to reduction in
proprioception. Further, there is deteriorationin
processing of the sensory input and neuromus-
cular function. At the central level, the soma-
tosensory pathways that conduct information
declines with aging. Also, with aging, there is
progressive loss of the dendrite system in the
motor cortex, loss in the number of neurons and
neurochemical changes in the brain [8,28].

Multiple studies have been conducted to study
the effect of aging on proprioception. A study
conducted by Skinner et. al., found that older
subjects had poorer proprioception as compared
to young subjects when knee proprioception
was assessed under passive movement. Also,
Kaplan et.al. assessed the age-related changes
in proprioception requiring to perform active
movement (ipsilateral and contralateral active
repositioning) and found that young subjects had
better perception of proprioception then elderly.
Several studies showed a relationship between
aging and decline in joint position sense and
movement detection threshold. The lower limb
knee joint position sense and ankle joint
position sense are negatively affected by
aging. It is also found that proprioception may
be influenced by level of regular physical
activity. Barrack et.al conducted a study on knee
joint proprioception, concluded that the young
members of the professional ballet company
had significant better threshold of perception
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of joint movement than a healthy, active
age-matched control group. Patrella et.al.
designed a study to investigate knee joint
proprioception among young volunteers and
active and sedentary volunteers. Knee joint
proprioception was measured at static knee
angles using an electrogoniometer. 16 young
subjects (19-27 years) and 24 elderly (60-86
years) were included in the study.

The elderly group was further divided into
active and sedentary groups based on the level
of activity. The study showed reduction in
proprioception in sedentary elderly and also
concluded that regular physical activity may not
lead to reduction in proprioception. In a study
of perception of passive movement in 60
normal control subjects, the perceived movement
was better in young as compared to elderly.
Kokmen et.al. found that there was decline in
joint motion sensation with aging in normal
subjects from 61-84 years. This reduction in
proprioception may be due to structural changes
in the muscle spindle, reduction in the number
of intrafusal muscle fibres and nuclear chain
fibres per spindle and increase in capsular
thickness. With aging, there is 30% reduction in
vibration induced inhibition of the stretch reflex.
Muscle force production and control may be
affected with alteration in motor unit function.
This lack of control also has repercussion in
proprioceptive ability. This shows that as the
proprioception reduces, the risk of fall also
increases which can also lead to fracture in
elderly [8,28,29].

The study shows negative correlation between
knee proprioception error and static balance in
elderly. The correlation was weak and could be
attributed not only on somatosensory system
which is discussed above but also to the
vestibular, visual and musculoskeletal system
also which are equally responsible for balance.

Vestibular system: Co-ordinated balance
activity is maintained by the vestibular system.
It provides the information about head position
and movement of head with gravity to the
Central Nervous system. The complex structure
of the vestibular system consists of fluid filled
tubes and chambers that constitutes part of the
inner ear. Specialized nerve inside these struc-
tures detect the position and movement and also
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detect the direction of gravity. They send sig-
nals to the brain to maintain balance control in
standing. The primary function of the peripheral
vestibular system includes:

- Stabilization of visual image on fovea of retina
during head movements to allow clear vision.

- Maintenance of postural stability during
movement of head.

- Providing information used for spatial orienta-
tion [30].

Vestibular system sends information to the
oculomotor nucleus which then triggers the
reflexes such as Vestibulo Ocular Reflex (VOR)
and Vestibulo Spinal Reflex (VSR). They act to
stabilize the visual field by stabilizing the eyes
and helps to maintain postural stability during
stance (static balance). With aging, decline in
VOR stability, affects their balance during
stance. It is assumed that subtle age-related
changes in VOR even if it is not causing
dizziness and other vestibular symptoms can
affect gaze, stability and gaze fixation activity
in elderly, thus eventually affecting balance, gait
and postural instability. By 70 years of age, there
is 40% loss of vestibular hair and nerve cells.
One of the functions of the vestibular system is
that of an absolute reference system which
plays an important role in situations of visual
and somatosensory conflict. With aging the
absolute system tends to decline. Since, it acts
as an absolute reference system, vestibular
input contributes to amplitude of automatic
postural adjustments to balance threats. Thus,
older adult with vestibular deficit would
show postural responses that are inappropriately
small [31-34].

Visual system: With aging, elderly tend to rely
more on visual input as compared to other
sensory systems. This reliance upon vision,
places older adults at risk for falls because they
are often not aware of the magnitude of their
body motion [27].

It is estimated that after the 6" decade, many
people tend to have a rapid decrease in vision.
Maki and Mc Elroy hypothesized that as age
advances, some individual may rely more on
vision than on vestibular or proprioceptive
information for balance. A study conducted on
136 participants aged 59-97 years, found that
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43% of the participants who had experienced
one or more falls in the past were significantly
relying on visual field on visual function tests
than the other 57% of participants who had not
fallen [35]. Study conducted by Karger, was to
determine the influence of stationary anchors
and vection (illusion of self-motion) upon
egomotion (environmental displacement) in
young, young-old and old adult group using the
moving room paradigm which showed that in all
optical flow conditions, old adult produced more
postural motion than young old adults. Young-
adult rated their vection higher, yet produced
significantly less COP displacement than other
older adult. There was decrease in postural
responses when portion of the visual scene was
occluded in central or peripheral level which
indicate visual sensitivity to visual scene
motion when information is available to all the
areas of the retina. Static image in the visual
scene provide a reference point which was found
to assist in stabilization thus producing
decreased risk of fall [36]. A Study conducted
by Sundermeiser et.al. compared the effects of
visual flow on postural responses of young stable
and unstable older adults, where it showed that
the unstable older adult showed significantly
more reliance on visual flow than the young or
stable adults as measured by COP. It was also
noticed that unstable older adults had used
higher level of sheer forces when compensat-
ing for simulating postural sway, thus suggest-
ing greater use of hip strategies even in response
to visual perturbations to posture [31, 37].

The Beaver Darn eye study found that consis-
tent relationship exists between falls and hip
fractures and visual function. The visual
function tests were best corrected visual
acuity, current binocular activity, near acuity,
contrast sensitivity and visual threshold to light.
The authors found that subjects that were more
than 60 years of age and classified as having
poorer best corrected acuity, decreased current
binocular activity, poor nearer acuity and
increased visual sensitivity to light were more
likely to have two or more falls [27]. Also, a study
was conducted to compare Eyes open vs Eyes
closed balance training showed that there was
no difference with eyes open and eyes closed
training [35, 38].
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Musculoskeletal system: The skeletal muscu-
lature, skeleton and its joints constitutes the
motor apparatus of the balance control system.
From the mid- twenties, there is progressive loss
of lean body mass, such that the cross- sectional
area of the vastus lateralis, decreases by
approximately 40% between 20-80 years of age.
Between the 5-6'" decade, there is peak levels
in muscle strength, after which there is acceler-
ated decline by 50% by 80 years of age [39-41].

Muscle force output depends on contractile
length as well as series elasticity. With aging
there is alteration in these muscular properties
which alters the neural transmission into mus-
cular force. Many muscles contribute to postural
stability, those surrounding the ankle joint are
specifically important. Age related changes in
the ankle joint may thus influence balance
control. Age related changes in joint strength,
muscle size, activation capacity and achillies
tendon stiffness explains 70% variance in bal-
ance performance during postural challenges of
tandem stance. Muscle such as gastrocnemius
and soleus play an important role in maintain-
ing upright posture. Age- related atrophy of the
faster- contracting type -1l muscle fibres causes
the gastrocnemius to be weaker and slower in
older adults. Reports have shown that gastroc-
nemius muscle in the older adults displayed
altered force-velocity relationship, while soleus
muscle did not show any change. Dorsiflexors
and plantar flexors muscle in older adult showed
age related differences in muscle morphology
and muscle properties. Elderly population had
small amount of contractile tissue relative to
total muscle volume and displayed reduced
maximal isometric force, slower force velocity
relations altered force- length properties and
stiffer series elasticity. The gastrocnemius and
soleus stiffness were positively correlated with
mean absolute COP speed during quiet stance.
Elderly displayed a poor performance on static
postural tests and muscle strength was strongly
related to age related decrements [42-48].
Studies have found that there is a correlation
between lower extremity weakness and
increased risk of falls and with interventions in
lower extremity strengthening, there isimprove-
ment in balance[49].

Thus, the above discussion justifies that static
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balance is not only maintained by the soma-
tosensory system but also relies on the visual,
vestibular and musculoskeletal system. Thus, it
shows that there is negative correlation between
knee proprioception error and Tandem stance
time.

CONCLUSION

Thus, we conclude that there is negative corre-
lation between knee proprioception error and
static balance, i.e. lesser the knee propriocep-
tion error better is the static balance.

Clinical implication

According to the discussion, static balance is
not only maintained by the somatosensory sys-
tem but also relies on the visual, vestibular and
musculoskeletal system. Static balance cannot
be improved by training only one sensory sys-
tem. In order, to improve balance, we need to
train visual system, vestibular system and prop-
rioceptive system.

- Training visual system:

a. Zooming with eyes.

b. Figure of ‘8 movement.

c. Rhythmic eye movements.

d. Directional eye movements.

- Training vestibular system:

a. Gaze stabilization exercise.

b. Head movement exercise.

c. Standing vestibular exercise.

d. Obstacle course.

e. Target and optic flow.

- Training proprioceptive system:
a. One leg stance.

b. Wobble board.

c. Tai-chi.

d. Standing on different surfaces like sand, foam.
- Training musculoskeletal system:
a. Squatting

b. Lunges

c. Thera bands & weights.

Thus, training the subject with the above exer-
cises will reduce knee proprioception error and
increase static balance.
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