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Abstract:

Returning athletes to competition following injury often creates a dilefomethletic trainers

and team physicians. Most clinicians gather as niiath as possible before deciding whether to
return an athlete to competitidollowing injury. The status of the postural control system and
balance ismportant for certain pathologies and therefore should be considered irlihese
decisions. As more higtech balance systems become availabls,ithportant for clinicians to
understand not only what is available but what these devices measarpapér will review the
relationship between theostural control system and the kinetic chain, traditional and
contemporaryechniques for assessing balance, and ways in which clinicians canthedypp
between balance research and clinical practice.

Article:

Although a seemingly simple task, maintaining equilibrium or balargke standing upright is
an important motor skill. Balance, as describedNaghner (41), is a complex process involving
coordination of multiple sensorgotor, and biomechanical comparts. An individual senses
the position of hior her body in relation to gravity and the surroundings by combining visual,
vestibular, and somatosensory inputs (41). Balance movements also invtilmesrobthe

ankle, knee, and hip joints, which are tofied by coordinated actions along the kinetic chain
(Figure 1). These processes are all vitapimducing fluid sportelated movements.

Postural Control System

The postural control system operates as a feedback control circuit between the brain and the
musculoskeletal system. The musculature of the legs, feet, and truncus, using this feedback
circuit, allows the individual to stand erect agathst forces of gnaty (22, 31, 38, 55). Postural
stability is also greatly influencday factors such as nervous disorders, dysfunction of optic
nerve and vestibulanechanisms, fatigue, and mental status (51).
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Figure 1 — Major joints and muscles responsible for controlling movements of th
body’s center of gravity (COG) during standing balance. (Reproduced with permis
sion from NeuroCom International, Inc.)

Feedback obtained from the vestibular, visual, and proprioceptive (ssgnatiry) sensors relays
commands to the muscles of the extremities, which gleaerate an appropriate contraction to
maintain postural stability (26, 31, 38, 51,). The vestibulaapparatus is the organ responsible
for detecting sensatiom®ncerned with equilibrium. The apparatus is composed of a system of
bonytubes and chambers within the temporal bone called the bony labyrintlabihath is
adjacent to and continuous withethochlear duct of the inner esard also consists of three
semicircular canals and two large chambers knowheastricle and the saccule (22, 55).

Information from the vestibular apparatus can be used in three diffeagat First, the

information is used to control eye muscles so that whehehd changes position, the eyes can
stay fixed on one point. Second, vestibufdiormation can be used to maintain upright posture.
The vestibular organs aodten referred to athe "sense organs of balance,” despite research
findings tothe contrary. That is, very few postural reflexes rely primarily on vestimpat (28,

38, 43, 52). A third use of vestibular information involves consaouereness of the body's
position awl acceleration after Information has been relayed to the cortex by the thalamus (55).

Investigators (8, 28, 38, 43) agree that the vestibular system is prim&alyed in stabilizing

slow body sway, which is achieved by a much lower lefé&tg activaibn. Much of this

research suggests that people rely mostly on veswhkomatosensory inputs when maintaining
balance under normal conditioM¥hen sudden changes or perturbations are induced causing a
person to changais or her direction of movement bbead position (i.e., leaning the head
sidewaysforward, or backward), the automatic control mechanism provided by vesiifyugr
becomes crucial for stabilizing the direction of gaze and ultimately egeibbrium. Vision is
obviously very important for maintaining control of diate, especially under conditions of
postural perturbation. Moreover, the eyes would be of little use in detecting an image if they did
not remain fixed on aabject long enougto gain a clear image. Therefore, when the head is
suddenlytilted, signals from the semicircular canals cause the eyes to rotate in aarefjual



opposite direction to the rotation of the head (22). This is a functithre ofestibuleocular

reflex. Thuswhen both the support surface and visual surroundings are tilted, the vestibular
input automatically takes precedence (38)short, the vestibular apparatus mainly contributes
to posture by maintainingflexes associated with keeping the head and ineitle vertical
position andallowing the vestibulacular reflex to controdye movement.

The proprioceptive system functions via the mechanoreceptive serieashofpressure,
vibration, and tickle, all of which are commonly referred tthastactile snses, and the sense of
position, which determines the relative positiansl rates of movement of parts of the body (22,
55).

Muscle spindles and Golgi tendon sensory receptors (proprioceptors) yatay role in the

nervous system's control of posturféey provide the nervousystem with continuous feedback
about the status of each muscle. Muscle length and changes in length are monitored by stretch
receptors embedded within thruscle. These receptors consist of afferent nerve fiber endings
that are wrappedround modified muscle fibers, several of which are enclosed in a connective
tissue capsule. The entire structure is called a muscle spindle (22, 55). dfusdles send
information to the nervous system about either the muscle lengthrate of length. When

afferent fibers from the muscle spindle enterdéstral nervous system, they divide into

branches that can take several different paths. One path directly stsmalatior neurons going

back to the muscle thatas stretched, thereby completing a reflex arc known as the stretch reflex
or myotatic reflex. This reflex causes a muscle contraction in response to a baisgle

stretched (55).

Golgi tendon organs (GTO)dated in the tendons near their junction vifte muscles serve as a
second type of afferent receptor (proprioceptor). Theyemgonsible for sending information
about tension in the muscle or rate of chasigension (22, 55). The afferent neuron'sair

activity supplies the motecontrol systems (both locally and in the brain) with continuous
information aboumuscle tension. The GTO is designed to serve as a protective mechanism to
relax a muscle that is being overstretched. It senses tension aithiiscletransmits the
information to the central nervous system, and through polysymafigges inhibits the motor
neurons of the contracting muscle (55),

Ankle rotation is the most probable stimulus of the functional stretch r@figatatic) that

occurs in many persons. It appears to be the first useful phastvitly in the leg muscles after

a change in erect posture (37). The myotagilex can be seen when perturbations of gait or
posture automatically evoKaenctionally directed responseasthe leg muscles to compensate for
imbalance or increased postural sway (8, 37), Muscle spindles sense a stretching of the agonist,
thus sending information along its afferent fibers to the spinal Tbkete the information is
transferred to alpha andrgana motor neurons thaarry information back to the muscle fibers

and muscle spindle, respectively, and contract the muscle to prevent or control additional
postural sway (8).

Isolation of Sensory Input
From our knowledge of the central nervous system's involvement in maintapright posture,
we can divide the process into two components. "Sensory aegem," as described by Nashner



(38), involves processes that determinetitiméng, direction, ad amplitude of corrective

postural actions based upon infation obtained from the vestibular, visual, and somatosensory
(proprioceptive)jnputs. Despite the availability of multiple sensory inputs, the central nervous
system generally relies on only opense at a time for orientation information. Realthy

adults, the preferred sense for balance control comes from somatoseftsangtion (e.g., feet

in contact with the support surface) (38). The seammdponent, "muscle coordination,”
describes proesses that determine the fmral sequencing and distribution of contractile
activity among the muscles tife legs and trunk which generate supportive reactions for
maintaining balancé&kesearch suggests that balance deficiencies in people with nézablog
problemscan result from inappropriate interaction among the three sensory inpyisavide
orientation information to the postural control system. A patient mayappropriately
dependent on one sense for situations presenting intersensory conflict (38, 50).

Several studies have attempted to isolate and clarify which sensoryanput®st involved with
regulating posture and how the interaction among timgggsaffects posture control (7, 8, 10,

28, 42, 46). Shumwagook and Horak (50) introduced a technique to systematically remove or
conflict sensory input from one or more of the three senses. The technique, referred to as the
Clinical Test of Sensory Interdon and Balance (CTSIB), or "Foam and Dome Tastg's
combinations of three visual and two supgsutface conditions duringssessment of postural
sway (Figure 2). A reference point on the inside ofvisaalconflict dome moves in phase with
the subjet's head movement, therefakering vestibular input. Thus, increased postural
instability while wearing th&isualconflict dome (Condition 3 in Figure 2) suggests abnormal
reliance orvision for posture control, which is common with patients havingcposussion
vestibular syndrome or benign paroxysmal positional nystagmus (38). Tingteelo conflict
sensory imput involves alteration of the support surfacescadihgitions include a hard, flat
surface that ensures accurate orientation informétion the somatosensory system, and a
compliant section of mediwdensityfoam that reduces the accuracy of the orientation
information. Increased postuliaktability under conditions where proprioceptors of the feet are
eliminated (Coditions 46) suggets that the other sensory modalities (vestibular and/or visual)
are not adequately compensating for the loss of proprioception.

Another technique of isolating sensory modality has been propodéddimer (40). Sensory
Organization Testing (SOT) evaluatbe integrity of thehree sensory modalities by selectively
disrupting somatosensory and/or visimbrmation regarding body center of gravity (COG)
orientation in relation teertical and then measuring the patient's ability to maintain balance.
Sway réerencing involves tilting the support surface and/or the visual surround (wah) in
anterio® posterior direction according to the patient's COG sway (Figutérgler sway
referenced conditions, the orientation of the support surface d@hd/eisualsurround remains
constant in relation to the COG sway angle (40, BB theory behind sway referencing is
similar to that proposed by Shumway
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Figure 2 — Six testing conditions for Clinical Test of Sensory Organization and
Balance as described by Shumway-Cook and Horak (50).

Cook and Horak (50); healthy subjects should ignore a-sefayenced sensomput that is
functionally inaccurate and maintain balance using other semgang. In addition to sway
referencing, eyes closed conditions are used to further isolate somatosensory and vestibular
systems. Sensory analysis can then bpaed comparig the six test conditions. For example,
a vestibular ratio can bmlculated by comparing Condition 5 to Condition 1 (5;1). A low score
would suggest that a patient makes poor use of vestibular cues or that vestibuéaecues
unavailable.

Balance in Reldion to the Closed Kinetic Chain
Balance is the process of maintaining the COG within the body's base of slippdtuman
body is a very tall structure balanced on a relatively small base, and
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Figure 3 — Six testing conditions for Sensory Organization Test used with Neuro-

Com’s EquiTest system, (Reproduced with permission from NeuroCom International,
Ine.)

its center of gravity is quite high, being just above tbleip (55). Many factorenter into

balance control within this designated area. One componentayeiooked is the role balance
plays within the kinetic chain. Ongoing debaésso how the kinetic chain should be defined

and whether open or closed &tit chain exercises are best have caused many clinicians to lose
sight of what ismost important. An understanding of the postural control system as wiedl as
theory of the kinetic (segmental) chain about the lower extremity helpsngsptualize theote

of the chain in maintaining balance. Within the kinetic chain, each moving segment transmits
forces to every other segment alongchain, and a segment's motions are influenced by forces
transmitted from othesegments (6). Maintaining equilibrium loalance is associated with the
closedkinetic chain, as the distal segment (foot) is fixed beneath the base of support.

Coordination of automatic postural movements during the act of balasaneg determined
solely by the muscles acting directly abthé joint. Legand trunk muscles exert indirect forces
on neighboring joints through inertigteraction forces among body segments (39, 44). A
combination of one or more strategies (ankle, knee, hip) is used to move the COG back to a
stable or balancegbsition when a person's balance is disrupted by an external perturbation.
Injury to any one of the joints or corresponding muscles along the kinetic chawescéinn a

loss of appropriate feedback for maintaining balance.

Measurement of Balance

Severaimethods of balance assessment have been proposed for clinical usef kieny
techniques have been criticized for offering only subjective informatiar'gualitative”
measurement of balance rather than an objective or "quaaiteneasure.

Subjective Balance Assessment
Prior to the miel980s, there were very few methods for systematic and contesiéegsment of
balance in the sports medicine setting. Static balance in athétdrsaditionally been assessed



with the standing Romberg test. For this testsiligect stands with feet together, arms at the
side, and eyes closed. Normallp@rson can stand motionless in this position, but a tendency to
sway or fall toone side izonsidered to indicate a loss of proprioception (4). The Romberg test
has been criticized for its lack of sensitivity and objectivity. It is considerbd torather

gualitative assessment of static balance, because a considerable amount of stressdisarequ
make the subject sway enough for an observer to charactiee sway (31). Other tests of static
balance include a singleg stance testyhich includes balancing on one leg for a specified
amount of time with eyespen or closed. The tandem Ruoeng test (14) requires placement of
one foot in front of the other (heel to toe).

Dynamic balance can be assessed through functional reach testsdihtedests such as the

figure eight test (9, 14, 56), carioca or hop tests (30,ab8) balance beawalking with the

eyes open or closed. The objective in most of these tests is to decrease the size of the base of
support, in an attempt tetermine an athlete's ability to control upright posture while moving.
Many ofthese tests have failed to quaytiialance adequately, as they merely reportithe

that a particular posture is maintained, angular displacement, or the distaroed after

walking (3, 15, 45, 56).

Objective BalanceAssessment

More recently, advancements in technology have prowigediedical commmity with force
platform systems for quantitatively assessing both staticgmamic balance. These systems
provide an easy, practical, and sometimes-@&tctive method of quantitatively assessing
functional balance through analysispostural sway. Thus, the potential exists to assess injured
athletes and (ajlentify possible abnormalities that might be associated with injury, (b) isolate
various systems that are affected, and (c) develop recovery curves based on quantitative
measues for determining readiness to return to activity. Folloveiregsome higitechnology
balance systems.

Static systems Dynamic systems
Chattecx Balance System Biodex Stability System
EquiTest Chattecx Balance System
Force Plate EquiTest
Pro Balance Master EquiTest with EMG
Smart Balance Master Force Plate

Kinesthetic Ability Trainer (KAT)
Pro Balance Master
Smart Balance Master



A basic force plate consists of a flat, rigid surface supported on three or more points by
independent foreeneasuring devices, As the athlete standtherforce plate, the position of the
center of vertical forces exerted on the fqotate over time igalculated. The center of vertical
force movements provides indirect measure of postural sway (40). The Kistler force plate was
used formuch of the early research in postural stability and balance (3, 11, 136)34,
Manufacturers such as Chattecx @mation (Nixon, TN) and NeuroCointernational, Inc.
(Clackamas, OR) have developed more sophisticated systigimsxpanded diagnostic and
training capabilities (Figures 4 and 5). Bioddrdical Systems (Shirley, NY) recently

developed a dynamic multiatitilting platform that offers computeyenerated data similar to

that of a force platsystem (Figure 6).

Force platforms ideally evaluate four aspects of postural control: steadip@ssetry, dynamic
stability, and dynamic balance. Steadiness is the abilkgep the body as motionless as
possible. This is also considered a measuposfural sway. Symmetry is the ability to distribute
weight evenly between the/o feet in an uprilgt stance. This is a measure of center of pressure
(COP),center of balance (COB), or center of force (COF), depending on which testing



