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Abstract:  

Returning athletes to competition following injury often creates a dilemma for athletic trainers 

and team physicians. Most clinicians gather as much data as possible before deciding whether to 

return an athlete to competition following injury. The status of the postural control system and 

balance is important for certain pathologies and therefore should be considered in these clinical 

decisions. As more high-tech balance systems become available, it is important for clinicians to 

understand not only what is available but what these devices measure. This paper will review the 

relationship between the postural control system and the kinetic chain, traditional and 

contemporary techniques for assessing balance, and ways in which clinicians can bridge the gap 

between balance research and clinical practice. 

 

Article:  

Although a seemingly simple task, maintaining equilibrium or balance while standing upright is 

an important motor skill. Balance, as described by Nashner (41), is a complex process involving 

coordination of multiple sensory, motor, and biomechanical components. An individual senses 

the position of his or her body in relation to gravity and the surroundings by combining visual, 

vestibular, and somatosensory inputs (41). Balance movements also involve motions of the 

ankle, knee, and hip joints, which are controlled by coordinated actions along the kinetic chain 

(Figure 1). These processes are all vital for producing fluid sport-related 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 against the forces of gravity (22, 31, 38, 55). Postural 

stability is also greatly influenced by factors such as nervous disorders, dysfunction of optic 

nerve and vestibular mechanisms, fatigue, and mental status (51). 
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Feedback obtained from the vestibular, visual, and proprioceptive (somatosensory) sensors relays 

commands to the muscles of the extremities, which then generate an appropriate contraction to 

maintain postural stability (26, 31, 38, 50, 51). The vestibular apparatus is the organ responsible 

for detecting sensations concerned with equilibrium. The apparatus is composed of a system of 

bony tubes and chambers within the temporal bone called the bony labyrinth. The labyrinth is 

adjacent to and continuous with the cochlear duct of the inner ear and also consists of three 

semicircular canals and two large chambers known as the utricle and the saccule (22, 55). 

 

Information from the vestibular apparatus can be used in three different ways. First, the 

information is used to control eye muscles so that when the head changes position, the eyes can 

stay fixed on one point. Second, vestibular information can be used to maintain upright posture. 

The vestibular organs are often referred to as the "sense organs of balance," despite research 

findings to the contrary. That is, very few postural reflexes rely primarily on vestibular input (28, 

38, 43, 52). A third use of vestibular information involves conscious awareness of the body's 

position and acceleration after Information has been relayed to the cortex by the thalamus (55). 

 

Investigators (8, 28, 38, 43) agree that the vestibular system is primarily involved in stabilizing 

slow body sway, which is achieved by a much lower level of leg activation. Much of this 

research suggests that people rely mostly on visual and somatosensory inputs when maintaining 

balance under normal conditions. When sudden changes or perturbations are induced causing a 

person to change his or her direction of movement or head position (i.e., leaning the head 

sideways, forward, or backward), the automatic control mechanism provided by vestibular input 

becomes crucial for stabilizing the direction of gaze and ultimately one's equilibrium. Vision is 

obviously very important for maintaining control of balance, 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 an object long enough to gain a clear image. Therefore, when the head is 

suddenly tilted, signals from the semicircular canals cause the eyes to rotate in an equal and 



opposite direction to the rotation of the head (22). This is a function of the vestibulo-ocular 

reflex. Thus, when both the support surface and visual surroundings are tilted, the vestibular 

input automatically takes precedence (38). In short, the vestibular apparatus mainly contributes 

to posture by maintaining reflexes associated with keeping the head and neck in the vertical 

position and allowing the vestibulo-ocular reflex to control eye movement. 

 

The proprioceptive system functions via the mechanoreceptive senses of touch, pressure, 

vibration, and tickle, all of which are commonly referred to as the tactile senses, and the sense of 

position, which determines the relative positions and rates of movement of parts of the body (22, 

55). 

 

Muscle spindles and Golgi tendon sensory receptors (proprioceptors) play a vital role in the 

nervous system's control of posture. They provide the nervous system with continuous feedback 

about the status of each muscle. Muscle length and changes in length are monitored by stretch 

receptors embedded within the muscle. These receptors consist of afferent nerve fiber endings 

that are wrapped around modified muscle fibers, several of which are enclosed in a connective- 

tissue capsule. The entire structure is called a muscle spindle (22, 55). Muscle spindles send 

information to the nervous system about either the muscle length or its rate of length. When 

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

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

back to the muscle that was stretched, thereby completing a reflex arc known as the stretch reflex 

or myotatic reflex. This reflex causes a muscle contraction in response to a muscle being 

stretched (55). 

 

Golgi tendon organs (GTO) located in the tendons near their junction with the muscles serve as a 

second type of afferent receptor (proprioceptor). They are responsible for sending information 

about tension in the muscle or rate of change of tension (22, 55). The afferent neuron's firing 

activity supplies the motor- control systems (both locally and in the brain) with continuous 

information about muscle tension. The GTO is designed to serve as a protective mechanism to 

relax a muscle that is being overstretched. It senses tension within a muscle, transmits the 

information to the central nervous system, and through polysynaptic reflexes inhibits the motor 

neurons of the contracting muscle (55), 

 

Ankle rotation is the most probable stimulus of the functional stretch reflex (myotatic) that 

occurs in many persons. It appears to be the first useful phase of activity in the leg muscles after 

a change in erect posture (37). The myotatic reflex can be seen when perturbations of gait or 

posture automatically evoke functionally directed responses in the 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 cord. There the information is 

transferred to alpha and gamma motor neurons that carry 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 maintaining upright posture, 

we can divide the process into two components. "Sensory organization," as described by Nashner 



(38), involves processes that determine the timing, direction, and amplitude of corrective 

postural actions based upon information obtained from the vestibular, visual, and somatosensory 

(proprioceptive) inputs. Despite the availability of multiple sensory inputs, the central nervous 

system generally relies on only one sense at a time for orientation information. For healthy 

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

in contact with the support surface) (38). The second component, "muscle coordination," 

describes processes that determine the temporal sequencing and distribution of contractile 

activity among the muscles of the legs and trunk which generate supportive reactions for 

maintaining balance. Research suggests that balance deficiencies in people with neurological 

problems can result from inappropriate interaction among the three sensory inputs that provide 

orientation information to the postural control system. A patient may be inappropriately 

dependent on one sense for situations presenting intersensory conflict (38, 50). 

 

Several studies have attempted to isolate and clarify which sensory inputs are most involved with 

regulating posture and how the interaction among these inputs affects posture control (7, 8, 10, 

28, 42, 46). Shumway-Cook 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 Interaction and Balance (CTSIB), or "Foam and Dome Test," uses 

combinations of three visual and two support-surface conditions during assessment of postural 

sway (Figure 2). A reference point on the inside of the visual-conflict dome moves in phase with 

the subject's head movement, therefore altering vestibular input. Thus, increased postural 

instability while wearing the visual-conflict dome (Condition 3 in Figure 2) suggests abnormal 

reliance on vision for posture control, which is common with patients having postconcussion 

vestibular syndrome or benign paroxysmal positional nystagmus (38). The technique to conflict 

sensory imput involves alteration of the support surfaces. The conditions include a hard, flat 

surface that ensures accurate orientation information from the somatosensory system, and a 

compliant section of medium-density foam that reduces the accuracy of the orientation 

information. Increased postural instability under conditions where proprioceptors of the feet are 

eliminated (Conditions 4-6) suggests 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 proposed by Nashner (40). Sensory 

Organization Testing (SOT) evaluates the integrity of the three sensory modalities by selectively 

disrupting somatosensory and/or visual information regarding body center of gravity (COG) 

orientation in relation to vertical and then measuring the patient's ability to maintain balance. 

Sway referencing involves tilting the support surface and/or the visual surround (wall) in an 

anteriorðposterior direction according to the patient's COG sway (Figure 3). Under sway-

referenced conditions, the orientation of the support surface and/or the visual surround remains 

constant in relation to the COG sway angle (40, 43). The theory behind sway referencing is 

similar to that proposed by Shumway- 



 
 

Cook and Horak (50); healthy subjects should ignore a sway-referenced sensory input that is 

functionally inaccurate and maintain balance using other sensory inputs. In addition to sway 

referencing, eyes closed conditions are used to further isolate somatosensory and vestibular 

systems. Sensory analysis can then be performed comparing the six test conditions. For example, 

a vestibular ratio can be calculated 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 vestibular cues are 

unavailable. 

 

Balance in Relation to the Closed Kinetic Chain 

Balance is the process of maintaining the COG within the body's base of support. The human 

body is a very tall structure balanced on a relatively small base, and 



 

its center of gravity is quite high, being just above the pelvis (55). Many factors enter into 

balance control within this designated area. One component often overlooked is the role balance 

plays within the kinetic chain. Ongoing debates as to how the kinetic chain should be defined 

and whether open or closed kinetic chain exercises are best have caused many clinicians to lose 

sight of what is most important. An understanding of the postural control system as well as the 

theory of the kinetic (segmental) chain about the lower extremity helps us conceptualize the role 

of the chain in maintaining balance. Within the kinetic chain, each moving segment transmits 

forces to every other segment along the chain, and a segment's motions are influenced by forces 

transmitted from other segments (6). Maintaining equilibrium or balance is associated with the 

closed kinetic chain, as the distal segment (foot) is fixed beneath the base of support. 

 

Coordination of automatic postural movements during the act of balancing is not determined 

solely by the muscles acting directly about the joint. Leg and trunk muscles exert indirect forces 

on neighboring joints through inertial interaction 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 balanced position when a person's balance is disrupted by an external perturbation. 

Injury to any one of the joints or corresponding muscles along the kinetic chain can result in a 

loss of appropriate feedback for maintaining balance. 

 

Measurement of Balance 

Several methods of balance assessment have been proposed for clinical use. Many of the 

techniques have been criticized for offering only subjective information or a "qualitative" 

measurement of balance rather than an objective or "quantitative" measure. 

 

Subjective Balance Assessment 

Prior to the mid-1980s, there were very few methods for systematic and controlled assessment of 

balance in the sports medicine setting. Static balance in athletes has traditionally been assessed 



with the standing Romberg test. For this test, the subject stands with feet together, arms at the 

side, and eyes closed. Normally a person can stand motionless in this position, but a tendency to 

sway or fall to one side is considered to indicate a loss of proprioception (4). The Romberg test 

has been criticized for its lack of sensitivity and objectivity. It is considered to be a rather 

qualitative assessment of static balance, because a considerable amount of stress is required to 

make the subject sway enough for an observer to characterize the sway (31). Other tests of static 

balance include a single-leg stance test, which includes balancing on one leg for a specified 

amount of time with eyes open or closed. The tandem Romberg test (14) requires placement of 

one foot in front of the other (heel to toe). 

 

Dynamic balance can be assessed through functional reach tests, timed agility tests such as the 

figure eight test (9, 14, 56), carioca or hop tests (30, 56), and balance beam walking 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 to determine an athlete's ability to control upright posture while moving. 

Many of these tests have failed to quantify balance adequately, as they merely report the time 

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

walking (3, 15, 45, 56). 

 

Objective Balance Assessment 

More recently, advancements in technology have provided the medical community with force 

platform systems for quantitatively assessing both static and dynamic balance. These systems 

provide an easy, practical, and sometimes cost- effective method of quantitatively assessing 

functional balance through analysis of postural sway. Thus, the potential exists to assess injured 

athletes and (a) identify possible abnormalities that might be associated with injury, (b) isolate 

various systems that are affected, and (c) develop recovery curves based on quantitative 

measures for determining readiness to return to activity. Following are some high-technology 

balance systems. 

 



 

A basic force plate consists of a flat, rigid surface supported on three or more points by 

independent force-measuring devices, As the athlete stands on the force plate, the position of the 

center of vertical forces exerted on the force plate over time is calculated. The center of vertical 

force movements provides an indirect measure of postural sway (40). The Kistler force plate was 

used for much of the early research in postural stability and balance (3, 11, 19, 34, 36). 

Manufacturers such as Chattecx Corporation (Nixon, TN) and NeuroCom International, Inc. 

(Clackamas, OR) have developed more sophisticated systems with expanded diagnostic and 

training capabilities (Figures 4 and 5). Biodex Medical Systems (Shirley, NY) recently 

developed a dynamic multiaxial tilting platform that offers computer-generated data similar to 

that of a force plate system (Figure 6). 

 

Force platforms ideally evaluate four aspects of postural control: steadiness, symmetry, dynamic 

stability, and dynamic balance. Steadiness is the ability to keep the body as motionless as 

possible. This is also considered a measure of postural sway. Symmetry is the ability to distribute 

weight evenly between the two feet in an upright stance. This is a measure of center of pressure 

(COP), center of balance (COB), or center of force (COF), depending on which testing 


