LEADING ARTICLE

Soorm Ve 1998 Mr: 25 (). 149-155
121121642/93/00030149/503. 5010
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Summary i ion and
vide an important for the establi and
joint stability. } control and joint is mediated primarily
by the central nervous system. Multisite sensory input, originating from the so-
matosensory. visual and vestibular systems. is received and processed by the brain
and spinal cord. The culmination of thered and processed information results
in conscious awareness of joint position and motion. unconscious joint stabil-
isation through protective spinal-mediated retlexes and the maintenance of pos-

feedback pro-

ture and balance. Clinical research aimed at determining the effects of articular

musculoskeletal injury, surgery and

onjoint p neuro-

muscular control and balance has focused on the knee and ankle joints. Such

studies have

in p to capsulo-

injury. partial

acuity following liga-

ion of :
mentous reconstruction, and have suggested beneficial proprioceptive changes

resulting from

A ically induced cap g inju-
ries to the knee may cause long term disability. In
addition to mechanical disruption of articular
structures following injury, the loss of proprio-
ception may have a profound effect on neuro-
muscular control and the activities of daily living.
It appears that | feedback

1. Overview of Proprioception

Muscular activity and joint motion, performed
either consciously or subconsciously, are the prod-
ucts of multisite sensory input which is received
and processed by the brain and spinal cord. The

ion and ion of letal con-

originating in articular and musculotendinous
provide an imp for the
maintenance of functional joint stability.!!*) The
purpose of this review is to outline the concept of
proprioception as it relates to neuromuscular con-
trol and articular tunction. The influence of injury.
surgical reconstruction and rehabilitation on pro-
prioception will also be examined with specific
hasis on i used to tablish this
sensory modality.

trol and are mediated primarily by the
central nervous system (CNS). The CNS receives
input from 3 main subsystems: the somatosensory
system: the vestibular system; and the visual sys-
tem (see fig. 1)1

The somatosensory system. often referred to as
proprioception. functions to detect sensory stimuli
such as touch, pain, pressure and movements such
as joint displacement.! This system receives input
from the peripheral articular and i
receptors concerning changes in muscle length and
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Fig. 1. Neuromuscular control pathways (reproduced from Lephart & Henry,('7] with permission).

tension, in addition to information regarding joint
position and motion. Afferent nerves, also referred
to as mechanoreceptors, are located within the
skin, in the musculotendinous unit and within the

which result in the conduction of an action poten-
tial to the CNS.(10-12)

Muscle receptors provide a necessary comple-
mentary neural contribution in addition to the in-
formation of joint sensibility from the articular
Muscle spindle afferents respond as a

funcnon of muscle length to contribute to joint
These SA tors, located within

bone, joint ligaments, and joint capsule B8l

C afferents ib lly to P
joint proprioception, while the ibution of
muscle spindle and joint is

much greater. Mechanoreceptors originating in the
joint capsule, bone and ligaments serve as range
limit detectors, sensors of joint compression, and
potentially provide for extreme range joint protec-
tion by signaling the presence of noxious intense
stimuli.”) There are 2 types of articular mechano-
receptors, quick-adapting (QA) and slow-adapting
(SA), which vary based upon their response to a
continuous stimulus. Whereas the QA receptors
decrease their discharge near the onset of a con-
tinuous stimulus, the SA receptors’ response is to
continue their discharge.!8! The sensation of joint

skeletal muscle, maintain a symbiotic relationship
with articular receptors to result in sensations of
joint motion, joint acceleration and joint position,
in addition to sensations of pain.(!!5!

The second subsystem supplying the CNS with
sensory input is the vestibular system. The vestib-
ular system receives information from the vesti-
bules and semicircular canals of the ear, which can
be used in 3 different ways in order to maintain
body posture. This information can be used to
maintain body posture by controlling eye muscula-
ture so as to maintain visual focus when the head
changes posxuon to maintain upright posture and

motion is thought to be mediated by QA m¢
receptors, while SA receptors may play more of a
role in joint position sense and sensation of
changes in joint position.!”) In the knee joint,
mechanoreceptors, specifically those which re-
spond to joint acceleration and deceleration, have
been identified in both the joint capsule and liga-
mentous insertions. Information, originating from
these neural is con-
verted to frequency-modulated neural signals
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for ss of body and j Jomtposmon.
and motion.!'!)

The visual system, the third subsystem contrib-
uting to CNS sensory input, also contributes to the
maintenance of balance. This system provides the
body with visual cues for use as reference points in
orientating the body in space. It is generally agreed
that, under normal conditions, the somatosensory
and visual subsystems are the primary mediators of
balance and postural awareness.
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Information gathered by the somatosensory.
vestibular and visual systems is processed at 3 dis-
tinct levels of motor control: the spinal level: the
brain stem: and the higher brain centres. The spinal
level provides for dynamic muscular stabilisation
and isation of muscle activation patterns
based upon spinal reflexes as well as activity re-
ceived from higher levels of the CNS. The brain
stem processes information from the 3 CNS sub-
systems via the cerebellum nuclei for the main-
tenance of posture and balance. The higher brain
centres, such as the motor cortex, basal ganglia
and cerebellum, are responsible for cognitive pro-
gramming of musculoskeletal motion. The culmi-
nation of gathered and processed information re-
sults in conscious awareness of joint position and
joint motion sensibility that contribute to motor

.

T
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Fig. 2. Functional stability paradigm depicting the progression
of functional instability due to the interaction between mechan-
ical instabiity and decreased neuromuscular control (repro-
duced from Lepnart & Henry"7) with permission).

information regarding limb position and move-
ment. the threshold to detection of passive move-
ment and reproduction of passive positioning are
conducted at a slow angular velocity (0.5 to 2 de-
grees per second).!'”! The passive nature of this

pre g joint i
through protective spinal-mediated reflexes and
the maintenance of posture and balance.6-131

2. Assessment of Motor Pathways

Proprioceptive acuity in the knee and ankle
have been the focus of a number of investigations.
Since the proper functioning of these 2 joints is
critical to the integrity of the lower kinematic
chain. ions in propri i may
have profound effects on performance. The meas-
urement of the various pathways that mediate mo-
tor control (cortical level processing, brain stem
activities and spinal mediated reflexes) have pro-
vided insight into the effects of injury, surgical re-
construction and rehabilitation on articular patho-
logy (see fig. 2).

Assessment of joint proprioception is divided
into 2 components: kinaesthesia andjoint position

ibility. Ki ia is assessed by ing

the threshold to detection of passive motion, while
joint position sense is assessed by measuring the
of passive positioning and the re-

production of active positioning (see fig. 3).111°2%!
In order to minimise the contribution of musculo-
tendinous mechanoreceptors (muscle spindles and
Golgi tendon organs) in providing the CNS with

Adis Intemationct Limited. Al ights reserved.

p! dure is thought to selectively
stimulate Ruffini or Golgi type mechanoreceptors
in the joint.

Fig. 3. Proprioception testing of the knee joint: (a) rotational
transducer; (b) motor; (c) moving am; (d) stationary arm: ()
control panel; (f) digital microprocessor; (g) hand-held disen-

,ge switch; (h) pneumatic compression boo: and () pneumatic
compression device. Threshold to detect passive motion
(TTDPM) is assessed by measuring the angular displacement
uniil the patient senses motion in the knee (reproduced from
Lephart et al. "2} with permission).
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Fig. 4. Instrumented stableometry unit, Biodex Stability System
[Biodex Medical Systems Inc., Shirley (NY)].

Postural sway and halance are evaluated to de-
termine the of ib
and visual contributions to neuromuscular control
(see fig. 4). Balance stabilometry provides a
specialised mode of assessment for the overall con-
tribution of these various neural afferent signals to
maintain upright standing posture.(2!!

The assessment of the spinal reflex pathway is
conducted to determine the latency of muscular ac-

the ankle and knee joint. A resulting insufficiency
of synergistic muscular action maintaining joint
congruency and integrity may predispose an indi-
vidual to chronic joint instability that may con-
tribute to articular degeneration.

As indicated earlier, articular integrity of the
knee and ankle are critical for optimal functmmnﬂ
of the lower A thorough
of the clinical research aimed at determining the
effects of injury, surgical reconstruction and reha-
bilitation on joint proprioception, neuromuscular
control and balance are important for the develop-
ment of scientific based treatment options.

2.1 Knee Proprioception

Injury to capsuloligamentous structures, in ad-
dition to osteoarthritic changes, has resulted in ar-
ticular ion, thereby ibuting to al-
terations in kinaesthesia and joint position sense.
Reductions in kinaesthesia have been detected by
Barrack and Skinner(') as a result of increasing age
and disruption of the anterior cruciate ligament.
Decrements in joint position sensibility have also
been found to be further exacerbated by osteo-
arthritic changes. (21 It is important to note Lha! re-
ductions in p ive acuity may to
further degcneraxivc changes in the joint, as the
spinal reflexive pathway may be impaired.*?

Disruptions in the afferent pathway which are
mediated partly by articular mechanoreceptors
may contribute significantly to an insidious pattern
of microtrauma and re-injury (see fig. 2). Reduc-
tions in reflex muscular stabilisation resulting from
anterior cruciate ligament (ACL) deficiency, as ob-
served by Beard et al.,[23) demonstrate how this re-
flex arc may be inhibited. Reflex activation of the
hamstring muscles appeared to be diminished fol-
lowing the application of an anterior shear force to
the lower leg in the closed kinematic chain posi-
tion.[3] etal.? d d that re-

tivation to i 0-
graphic analysis has bcen utilised extensnvely to
examine the role of this neuromuscular pathway
during movements that place functional loads on

© Adis Infemational Limited. Al ghts reserved.

flex activity of the hamstring muscles following a
direct stress placed on the ACL is a critical factor
for dynamic knee stabilisation.

Sports Med 1998 Mar: 25 (3)
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Partial restoration of kinesthetic awareness fol-
lowing ACLr has been d
by Barrett.!?S! This restoration. however. was
found to occur in the mid range of motion for the
knee (45° flexion) and not at the terminal range
(15° flexion).(*S) Lephart et al.l'?l found similar re-
sults in patients following either arthroscopically
assisted patellar-tendon autograft or allograft ACL
reconstruction. Although these findings suggest
that kinesthetic awareness may have returned in
the mid range of motion following ACL recon-
struction, the evaluation of kinaesthesia in the near
terminal range may be more sen:

The restoration of joint position senslbnluy and
neuromuscular control should be a vital concern in
any comprehensive rehabilitation programme.
Although minimal research exists regarding the

In addition to a reduction in sensory afferent
input for articular mechanoreceptors, diminished
postural reflex responses have also been reported
following injury. Konradson et al.!*! found a pro-
longed peroneal reaction time in response to a sud-
den inversion stress in individuals demonstrating
chronic ankle instability. Increases in postural
sway were observed by Cornwall and Murrall®!!
among individuals with acute ankle sprains as
compared with an uninjured control group. Con-
trary to these findings, however, Tropp and
Odenrick®*! found no increases in postural sway
in a group of soccer players with previous ankle
sprains as compared with a group of uninjured
soccer players.

Although little evidence currently exists re-
garding the role of surgical reconstruction on the
sensory afferent and etferen( molor responses to

efficacy of on knee propri
preliminary evidence suggests that the inclusion of
a proprioceptive component may be beneficial. It
has been demonstrated that individuals with either
ACL deficiency or surgical reconstruction had im-
proved balance ability and knee joint position
sense following training.(26!

2.2 Ankle Proprioception

The role of partial deafferentiation of articular
mechanoreceptors following joint injury was first
suggested by Freeman and Wyke.”} Thls effec(

'y research
suggests a beneﬁcml role ot rehabilitation activi-
ties. It has been demonstrated recently that balance
training enhances the ability to maintain upright
standing posture in individuals with a previous his-
tory of ankle sprains.©®?! [t was also found that im-
provements in balance performance following a
4-week training period appeared to be greater in
individuals with previously reponed ankle sprnms
as d with uninj partit 331 The
maintenance of functional joint smb:lny of the an-
kle is suggested to be dependant upon dynamic
coatrol of ive motion and
benefit from pre ive train-

has been suggested as a key factor ()
chronic ankle instability. Freeman and Wyke!?}
observed a decrease in the ability to maintain sin-
gle leg stance in the sprained ankle as compared to
the contralateral uninjured ankle. The effect of uni-
lateral ankle sprains on cortical measures of pro-
prioception, as detected by passive joint position
sense to movement, was investigated by Garn and
Newton.!8! Kinaesthetic acuity appeared to be di-
minished in the injured as compared with the un-
injured ankle. Glenncross and Thornton!*% also re-
ported deficits in the ability to reproduce passive
ankle positioning in patients demonstrating uni-
lateral ankle injury.

© Adis Infenational Limited, All ights reserved.

would
ing techniques.

3. Clinical Application

Once proprioceptive deficiencies have been
identified. subsequent to eizher an ncmc or chronic
K | injury, a i
should be developed and implemented. A rehabil-
itation programme to address proprioceptive defi-
cits should integrate all subsystems of proprio-
ception in addition to the 3 levels of motor control.
Higher brain centre~promoting activities are in-
itiated on the cognitive level, such as consciously

Sports Med 1998 Mor: 25 (3)
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performing end range joint positioning activities,
and through repetitive execution stimulate the con-
version of conscious to unconscious motor pro-

This ition from ious to un-
conscious motor programming is performed in the
lower extremity through dynamic balance rehabil-
itation activities. Initially, patients concentrate on
the rehabilitation task being performed in order to
facilitiate and maximise sensory input. As the pa-
tient progresses, the activities incorporate cogni-
tive or psych: aspects, which ulti y aid
in i ious joint ilisation and con-
trol to unconscmus motor programming. 3!

To enhance motor function at the brain stem
level, balance and postural ma.mlenance acuvmes
should be employed. Th
activities should be performed both with and with-
out visual system input, be implemented following
a standardised progression, and be specific to the
type of activities and skills the patient will require.
The initiation of balance activities assumes the pa-
tient is able to bear weight on the lower extremity.
Once implemented, these activities should follow
the progression from static balance activities to dy-
namic skill activities. For static balance activites,
patients should progress from bilateral to unilateral
activities, from activities with the eyes open to
those with the eyes closed and from those per-
formed on a stable surface to those on

in

control, preliminary evidence suggests that such
activities may influence the return to participation
for the injured athlete.
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