FATCHFITNESS TRAINING OVER 50

Proprioception/Balance & Aging

Originally published 19 September 2019 - fatchfitness.com

In this article | review the literature on proprioception (what we would typically call "balance" and
look at why we lose proprioception as we age and what if anything we can do about it.

Proprioception was originally defined as "“the perception of joint and body movement as well as
position of the body, or body segments, in space”. At present, proprioception can be defined as the
cumulative neural input to the central nervous system from specialized nerve endings called
mechanoreceptors. The mechanoreceptors are located in the joint, capsules, ligaments, muscles,
tendons, and skin.

Normal aging is associated with slower cognitive processing, slower postural reactions, and
decreased muscle strength, all of which are essential for optimal proprioception/balance.

Typically age related proprioception issues begin to present themselves in persons 50 or older. We
exhibit slower reaction times and are at increased risk of falling since we respond slower under
postural situations.

A decrease in proprioception leads to the decline of motor coordination and balance and could lead
to abnormal joint biomechanics during functional activities such as walking, so over a period of
time, degenerative joint disease may result.

Colledge et al. studied the relative contributions of vision, proprioception, and vestibular system to
the balance in different age groups. They found that all age groups were more dependent on
proprioception than on vision for the maintenance of balance. Thus, impaired proprioception could
be a contributing factor to falls.

Like many aspects of aging physiology, exercise has been found to ameliorate most of the affects
of aging upon a person's proprioception/balance loss.

Below | outline some of the key findings with proprioception/balance and aging and the three main
decrements linked to this attribute.
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STRENGTH

Fukagawa et al research highlighted that their elderly subjects with a history of falls had less than
half of the knee and ankle strength of non-falling subjects. The differences were more prominent at
the ankle than the knee, and were most pronounced in the ankle dorsiflexors, where they were
one-tenth that of controls.

Physical activity improving muscle strength can also improve proprioception. The improvement in
muscle strength with exercise might yield better control of movement, which, as a consequence,
could enhance joint proprioception under weight bearing conditions [10].

CENTRAL NERVOUS SYSTEM (CNS)

At the CNS level, aging induces progressive loss of the dendrite system in the motor cortex, losses
in the number of neurons and receptors, and neurochemical changes in the brain. Age-related
changes in spindle sensitivity decreases these mechanoreceptors in both sensing positioning
change but also in the speed which which they are able to respond to any such change (a key
factor) [6].

It has been shown that the older adult has fewer, but on average larger and slower motor units,
resulting in motor unit reorganization. Therefore, this age-related alteration of the number and
function of motor units have profound implications in muscle force production and control. This
lack of control has also repercussions in proprioceptive ability.

At a CNS level, physical activity might modify proprioception by modulating the mechanoreceptor
gain and inducing plastic changes in the CNS. Muscle spindle is the one mechanoreceptor whose
gain can be modulated by the CNS [1]. Increased muscle spindle output may occur during exercise.
In this way, repeated practice of a motor skill is thought to increase muscle spindle output, which
could bring about plastic changes in the CNS, such as an increased strength of synaptic
connections and/or structural changes in the organization and number of connections among
neurons . Indeed, repetitive afferent inputs from the mechanoreceptors could modify the cortical
maps of the body over time. Plastic changes in the cortex can be induced by repeated positioning
of body and limb joints in specific spatial positions as demanded by exercise . Regular physical
activity over time can increase cortical representation of the joints leading to enhanced joint
proprioception.

Burke et al. [12] found with their research that proprioception decreases with aging is in part
because of changes in muscle spindle function. In addition to that, advancing age leads to deficits
in the processing of sensory input (myelin abnormalities, axonal atrophy, and declined nerve
conduction velocity).

PERIPHERAL ADAPTATION
(Postural sensors within joints, muscles, tissues).

Peripheral Neuropathy (Conditions that result when nerves that carry messages to and from the
brain and spinal cord from and to the rest of the body are damaged or diseased) is a true risk
factor for falls in the elderly. Relatively greater impairment in vibratory sense and ability to maintain
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unipedal stance may identify those within the Peripheral Neuropathy group who are at a higher risk
for falls.

Slower postural reaction and movement time and reduced medial-lateral control of the centre of
mass during voluntary sway movements are associated with increased fall-risk in community-living
older people.

Studies showed a relationship between aging and decline in several aspects of proprioceptive
sensitivity, namely a decrease in joint position sense and an increase in movement detection
threshold. In particular, the lower limb, knee joint position sense, and ankle joint position sense are
negatively affected by aging.

It is well known that proprioception is mediated by receptors located within the skin, joints, and
muscles. However, of these receptors, only muscle spindles demonstrate an ability to modulate
sensitivity to muscle stretch, thereby representing the most promising avenue for training-related
improvements to occur.

EXERCISE TO IMPROVE PROPRIOCEPTION.

Gauchard et al. [8] investigated the effects of different types of exercise on postural control and
balance of aged individuals and concluded that the proprioception can be “trained” and that
regular exercise of proprioceptive nature might be beneficial to retain or regain balance.

Peripheral level improvements in proprioception were linked to alterations in muscle spindle
senstivity. There is no evidence that training changes the number of mechanoreceptors, but there
is evidence that training induces morphological adaptations in these major mechanoreceptors
(muscle spindles). Training can induce muscle spindle adaptations at a microlevel, the intrafusal
muscle fibers may show some metabolic changes, and at a more macro level, the latency of the
stretch reflex response decreases and the amplitude increases [9].

Previous studies showed that experienced Tai Chi practitioners had better joint proprioception and
balance control during weight shifting despite the known aging effects in these specific
sensorimotor functions.

In a 2013 study, patients (60-90yrs) were submitted to 12 weeks proprioception training program, 2
sessions of 50 minutes every week. This program includes 6 exercises with the BOSU and Swiss
ball as unstable training tools that were designed to program proprioceptive training. The training
program improved postural balance of older adults in mediolateral plane with eyes open and
anterior-posterior plane with eyes closed. Significant improvements were observed in Romberg
quotient (measurement of limb proprioceptive positioning) with speed but not with distance.

These results indicate that 12 weeks proprioception training program in older adults is effective
in postural stability, static, and dynamic balance and could lead to an improvement in gait and
balance capacity, and to a decrease in the risk of falling in adults aged 65 years and older.

Two studies were found to follow traditional proprioceptive training programs, focusing on wobble-
board or mini-trampoline training, in older adults with both demonstrating improvements in actively
replicated Joint Positioning Sense (JPS) at the ankle and knee.
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Tasks within the study by Westlake et al included standing or walking on various support surfaces
(eg, a rocker board, foam, narrow beam) and standing in a tandem or semi-tandem position,
standing on one leg, or standing with feet together. To alter visual cues, participants were
instructed to close their eyes or to engage vision with a reading or tracking secondary task or by
performing balance tasks with a distracting background such as a checked pattern or moving
people. To modify vestibular cues, participants were instructed to tilt their head backward or
quickly move the head side to side and up and down to focus on a target.

This research found that velocity sense was sensitive to targeted interventions and may represent
an additional important consequence in terms of functional tasks. Considering that velocity
information is crucial and more accurate than position information for the small postural corrections
required during quiet stance, the possibility to reverse age-related changes in velocity sense is
encouraging.

Moreover, impairments in postural control and fear of falling in older adults that remain unexplained
by muscle weakness may potentially be alleviated by improvements in velocity discrimination
following balance interventions. Nevertheless, it is important to note that despite the post-
intervention improvements in velocity discrimination, these changes were not retained at the 8-
week follow-up session. Thus, to maintain improvements in velocity discrimination, a regular
targeted exercise regimen must be continued.

These results suggest that short-term improvements in velocity sense, but not movement and
position sense, may be achieved following a balance exercise intervention.

SUMMARY:
We can surmise several key points from this short review:

1. Maintenance of quality muscle (reducing sarcopenia) is key to maintaining many youthful aspects
of physiological performance including proprioception/balance.

2. Appropriate training methods are crucial to the maintenance (or improvement) of
proprioception/balance.

3. These training methods can include a combination of strength/hypertrophy training and balance
training with a focus on the ankle/knee joints as key areas of weakness for balance as we age.

4. | suggest that all training programs should include exercises that combine strength and balance
which will lead to better functional fitness for the long term (exercises including single leg RDL's,
single leg shoulder presses, etc — See a future article on training programming to target balance).
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