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BIODEX BALANCE SYSTEM SD |introduction to balance

Maintaining postural balance while standing is a motor skill most people take for granted. Postural balance, however, requires com-
plex coordination and integration of multiple sensory, motor and biomechanical components'. An individual senses body position
in relation to gravity and environmental surroundings by combining vestibular, visual and proprioceptive (somatosensory) inputs'.
Body position and smooth functional movement patterns result from these coordinated actions along with integration of graded
ankle, knee and hip movements along the kinetic chain’.

COMPONENTS OF BALANCE

The dynamic process of postural balance involves special sensory receptors that provide information in regards to various environ-
mental and physiological conditions that may affect a person’ ability to maintain equilibrium. They are as follows:

= Vestibular Apparatus:

The vestibular apparatus (VA) consists of three semicircular canals and provides sensory information in regards to head
position and gravitational changes. This information is used in three distinct ways.

1. Assisting with maintaining upright posture, these organs are referred to as "sense organs of balance”. They provide a
sense of space via gravitational stimuli. This is apparent when the eyes are closed and the subject must rely on VA input.

2. Controlling the movement of the eye muscles via the vestibular-ocular reflex (VOR), which allows the eyes to remain
fixed during movement or perturbation. The VOR is important for maintaining a frame of reference and providing
spatial information regarding the environment around the person. When the VA is disturbed, the eyes will exhibit
nystagmus in order to fix a reference point, otherwise the movement of the eyes is equal and in the opposite direc-
tion of head movement.

3. Provides conscious awareness in regards to the bodys position and acceleration. This information is provided after
stimuli has been relayed by the thalamus to the cerebral cortex.

= Visual Input:
Visual input is important to integrate the stimuli of the VA with the subjects physical environment. It occurs as follows:

1. The eyes function to detect a focal point on an object long enough for them to gain a clear image of that point.

2. When the head is moved, the endolymph in the semicircular canals specific to that plane of movement bends the tiny
hairs located in the semicircular canals and sends the message to the 8th cranial nerve, assisting to elicit a vestibular-ocular
reflex, in turn rotating the eyes in an equal and opposite direction of the head. This movement allows for a fixed reference
point. (Guyton, A. A Textbook of Medical Physiology (7th ed.). Philadelphia: Saunders, 1986).

References:

1. Nashner, L., Practical Biomechanics and Physiology of Balance. Handbook of Balance Function and Testing, 1993

2. Irrgang, JJ, Whitney SL, Cox ED: Balance and Proprioceptive Training for Rehabilitation of the Lower Extremity. J Sports Rehabilitation 3:68-83, 1994
3. \Vander, A., Sherman, J., Luciano, D. Human Physiology: "The Mechanisms of Body Function” [ 5th Ed.], 1990
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= Proprioception and Kinesthetic Input:
The proprioceptive component of balance involves mechanoreceptors located within the skin, muscle tendons and liga-
ments surrounding a joint. These structures play an important role in providing sensory information relating to touch,
body position and rate of movement from external cues or conscious movement patterns associated with daily living.
They also assist with providing adequate response to perturbations or noxious stimuli via reflex loops within the spinal
cord to protect the body from injury.
Two such mechanoreceptors of importance to postural balance are: muscle spindle fibers and Golgi Tendon Organs.
They consist of afferent nerve fibers and provide the nervous system with continual impulses regarding the status of a
muscle at rest and during movement. They are crucial to maintaining postural balance.

LIMITS OF STABILITY

Limits of stability (LOS) for standing balance is defined as the maximum angle a person’s body can achieve from vertical without los-
ing balance. Basically, how well can a person control their center of gravity (COG) once it comes outside their base of support
(BOS). Maintaining LOS is the result of integration of the sensory and motor control aspects of balance and plays an important role
in activities of daily living. Once the LOS is exceeded, a corrective strategy must take place in order to prevent a fall or stumble. LOS
for bilateral stance in normal adults is eight degrees anterior, four degrees posterior and eight degrees laterally in both directions.

8° 8°

8°< > 8°
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GOLGI TENDON ORGANS
= Located in the tendon near the musculotendinous junction.
= Serve as the protective mechanism to relax an overstretched muscle.

= Senses tension within the prospective muscle and transmit the information to the CNS, and through polysynaptic reflexes.
1. Inhibits the motor neurons of the contracting muscle (Vander, Sherman, Luciano, 1990).

2. Muscle tension is monitored throughout the range of motion by the GTO, this is crucial to preventing muscle strains
and tears.

According to Horstmann and Dietz (1988), under normal conditions people rely most on visual and somatosensory inputs to
maintain balance.

Maintaining balance involves a series of complex actions in the various stations of the Central Nervous System, as graphically repre-
sented below (see figurel). When one action does not function accordingly, equilibrium become altered, thus, disrupting the ability
to maintain balance. A variety of consequences can occur due to poor balance; therefore, clinicians need to address each compo-
nent in order to prevent re-injury or further trauma. The Biodex Balance System SD is important for the objective assessment of
neuromuscular control and the somatosensory input important to balance.

Figure 1.
Musculoskeletal
System
Perception of Sensory
Orientation Organization
Predictive Motor
Central Set Coordination
Environmental
Adaptation

References:

1. http://w3.ouhsc.edu/dthompso/balance/home.htm
Fay Horak (1991, p.23) depicts the subsystems that influence balance behavior as interlocking circles.
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BIODEX BALANCE SYSTEM SD |theory of operation

WHAT DOES THE BIODEX BALANCE SYSTEM SD DO?

= Provides valid, reliable and repeatable objective measures of a patients ability to balance on stable and unstable surfaces.
Documents neuromuscular control in safe environments.

= During static and dynamic stability exercise and testing, the Balance System SD provides visual biofeedback of a patient’s
ability to control their center of gravity (COG).

= During static and dynamic limits of stability exercises and testing, the Balance System SD provides visual biofeedback of the
patients ability to control their limits of stability (LOS).

THE BIODEX BALANCE SYSTEM SD CAN BE THE CORNERSTONE FOR THE FOLLOWING PROGRAMS:
= Fall Risk Assessment and Conditioning Program

= Fall Screening Program

= Athletic Screening Program

= Movement Disorders associated with neuromuscular control

= Amputee prosthetic rehabilitation

= Orthopedic rehabilitation associated with ligament sprains and poor neuromuscular control

= Sports Medicine and Conditioning Programs

= Core and Lumbar Stabilization Strategies

= Pre and Post Head Injury Screening

=  Upper extremity closed chain activities

HOW IS THE BIODEX BALANCE SYSTEM SD EFFECTIVE?

By targeting the somatosensory and neuromuscular control aspects of balance, the Biodex Balance System SD can assist patients
with controlling their COG over their base of support (BOS). Since the Biodex Balance System SD permits up to 20° of support sur-
face tilt, the patient is challenged to maintain their COG over their BOS by trying to keep the platform level. The performance of
this task is dependent upon neuromuscular mechanisms of proprioception, strength, and power. The Biodex Balance System SD is
effective in the assessment and training of the somatosensory and neuromuscular control aspects of balance as it challenges the
mechanoreceptors found around the joints of the lower extremity.

© BIODEX MEDICAL SYSTEMS, INC. 1-5






BIODEX BALANCE SYSTEM SD |assessing dynamic balance

The Biodex Balance System SD has a wide range of clinical applications and provides objective measures from testing that can be
used to establish progressions and discharge criteria, as well as be part of a comprehensive Fall Risk Assessment or Fall Screening
Program. Balance ability can be assessed either statically or dynamically, as well as bilaterally and unilaterally. It also allows for bilat-
eral comparisons between involved and uninvolved limbs.

DYNAMIC BILATERAL STANCE ASSESSMENT

When the default testing protocol is performed (5 trials x 20 seconds, 30 seconds rest) the reported Overall Stability Index can be
compared to age related Predictive Values that were developed at the University of Southern Connecticut.The results of the five tri-
als are collected and averaged by the software and displayed to the right of the age related Predictive Value.The Stability Index rep-
resents the variance of platform displacement in degrees from level in both the anterior/posterior and medial/lateral directions.A
high number is indicative of poor heuromuscular control, which may increase the potential for orthopedic injury or falling.

The protocol used is as follows, and should be used during patient assessments:

TEST DURATION: 20 seconds
LEVEL: 8
TRIALS: 5
REST BETWEEN TRIALS: 30 seconds
STANCE: Bilateral

*NOTE: The above protocol is an integral part of the Biodex Fall Risk Assessment Program

UNILATERAL STANCE ASSESSMENT

Using the same protocol as above, bilateral differences can be recorded and compared as an effective method to prevent acute
injury and for setting rehabilitation goals with unilateral injuries such as ankle, knee sprains or post surgical intervention.The soft-
ware will report percent difference between the uninvolved and involved side for the Overall, Anterior/Posterior and Medial/ Lateral
Stability Indices.

References:

1. FEinn, et al, Southern Connecticut State Univ. Stability Performance Assessment Among Subject of Disparate Balance Abilities, 1999
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BIODEX BALANCE SYSTEM SD |clinical applications

HOW ARE CLINICIANS USING THE BIODEX BALANCE SYSTEM SD WITH SPORTS MEDICINE AND
ORTHOPEDIC PATIENTS?

= Lower Extremity Patients:
ACLS
Total Knee
Total Hip
Ankle Sprain
Fractures
Amputees - weight bearing and balance with the prosthesis
High Tibal Osteotomies
Risk for Fall

Athletic Balance Assessment

These patients can work AROM either non weight bearing, or full weight bearing .They can work on weight shifting, propriocep-
tive and stabilization drills with or with out perturbation. Also some clinicians are using the Balance System SD for high level agilities.

= Spine Patients:

Ankle, knee and hip movement strategies for improving posture and mechanics.

Core Stabilization using a gym ball on the Balance System SD platform.

= Upper Extremity Patients:

Scapular stabilization drills, where the patient uses his arms to manipulate the platform.

= Geriatric Patients: Both Neurological and Orthopedic

Balance and weight shift training as part of rehabilitation from a total hip or knee replacement, or a stroke.
Kinesthetic Balance Training

Weight Bearing ROM

© BIODEX MEDICAL SYSTEMS, INC. 1-9



HOW ARE CLINICIANS USING THE BIODEX BALANCE SYSTEM SD WITH NEUROLOGICAL PATIENTS
= Stroke or Cerebrovascular Accident (CVA) Patients

= Parkinson Disease

=  Amyotropic Lateral Sclerosis (ALS/ Lou Gehrigs Disease)

= Multiple Sclerosis

= Spinal Cord or Head Trauma
Any head or spinal cord injury resulting in loss of balance or ambulatory motor skills.

= Rehabilitation with these patients involves:
Restoration of effected motor skills by retraining new neural pathways.

Restoration of kinesthetic sense for proper body positioning to maintain balance and weight transfer for ambulation.

= The Biodex Balance System SD is effective because:
The instant biofeedback makes it easy for the patient to relate to and repeat the motions.
Safe controlled environment that allows the patient to progress from non weight bearing to weight bearing.
Objectives and reproducible so that progress can be monitored as well as rehab sessions documented.

Perfect precursor to gait training on parallel bars or the Biodex Rehabilitation Treadmill.

1-10 CLINICAL APPLICATIONS



BIODEX BALANCE SYSTEM SD |applications

ORTHOPEDIC AND SPORTS MEDICINE PROGRAM

= Goal:
To assess overall dynamic stability and balance for pre-season baseline, injury pre-disposition or return to activity.
In addition, use for balance and proprioceptive training.

= Method:

Provides dynamic balance assessment of single-leg and two-leg stance. Test results compared to age and gender
dependent normative values. Balance Training designed to improve postural stability, weight shift, proprioception and
center of gravity control.

= Results and Benefits:

Test provides an objective score, "stability index”, that if higher than the predicted value indicates a strength,
proprioception, and vestibular or visual impairment.

= Balance Assessment
Two-leg stance, age dependent normal ranges:

Age Stability Index
17-35 82 -2.26
36-53 1.23 -3.03
54-71 1.79 -3.35
72-89 1.90 - 3.50

= Knee Injury Pre-disposition
Single-leg stance, Stability Index by gender for healthy collegiate level athletes
(Age: 19.6 = 1.5 years):

Women 3.27 (+/- 1.43)
Men 6.00 (+/- 3.00)

= Objective data confirms presence or absence of a dynamic stability or balance problem — increases patient confidence and
provides a tangible rehabilitation goal.

= Baseline measure to manage return to activity determination.
= Patients with ACL deficiency have decreased stability vs. controls in both limbs.

= Simple, efficient, reproducible balance screening and training tool.

References:

1. Einn JA, Alvarex MM, Jett RE, Axtell RS, DS Kemler, Biodex Balance Assessment among subjects of disparate balancing abilities. Presented at 1999 American
College of Sports Medicine Annual Meeting.

2. Hewett T, Balance Perspectives: Neuromuscular Training to Prevent Injuries. 1999 Advances on Knee and Shoulder Cincinnati Sportsmedicine and
Orthopedic Center.

3. Rozzi SL, Lephart SM, Gear WS, FuFH, Knee Joint Laxity and Neuromuscular Characteristics of Male and Female Soccer and Basketball Players. Am J Sports
Med 27:312-319, 1999.
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FALL RISK ASSESSMENT, MOVEMENT DISORDERS AND NEUROLOGICAL PATHOLOGIES

= Goal:
To assess overall balance as a preliminary balance screening test or as an integral component of a Fall Risk Assessment
Evaluation. In addition, use as an objective balance performance baseline in conjunction with balance training program.
= Method:

Dynamic balance assessment. Test results compared to age dependent normative values. Balance Training designed to
improve postural stability, proprioception, range of motion, weight shift, and center of gravity control.

= Results and Benefits:

Test provides an objective score, "stability index”, that if higher than the predicted value indicates a strength, propriocep-
tion, and vestibular or visual impairment.

= Age dependent normal ranges

Age Stability Index
17-35 82 -2.26
36-53 1.23 -3.03
54-71 1.79 =3.35
72-89 1.90 - 3.50

Objective data confirms presence or absence of a balance problem — increases patient confidence and provides
a tangible rehabilitation goal.

= Baseline measure to manage effects of balance impairing medications.
L

Real time visual representation of dynamic balance in a safe, controlled environment without the patient feeling self-conscious.

= Simple, efficient, reproducible balance screening and training tool.

ALTERNATIVE APPLICATIONS

By placing the physio ball on 2. Closed Chain Scapular 3. Tilting the Balance System SD

1.

the Balance System SD, you can
add various levels of difficulty to
core stabilization exercises.

References:

stabilization exercises can be
performed using the

Balance System SD in pushup
or kneeling positions.

allows the patient to do seated
multiplanar Active Range of
Motion activities.

Finn JA, Alvarex MM, Jett RE, Axtell RS, DS Kemler, Biodex Balance Assessment among subjects of disparate balancing abilities. Presented at 1999 American

College of Sports Medicine Annual Meeting.

2. Guidelines for Prevention of Falls in Older Persons, American Geriatrics Society, British Geriatrics Society and American Academy of Orthopedic Surgeons
Panel on Fall Prevention. JAGs 49:664-672, May 2001.
1-12
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BIODEX BALANCE SYSTEM SD |theory of operation

Postural Stability Test Results
Name: Joe Blodex Date: 04/25/2006 9:33 AM
Height: §5-73" Age: 43
Foot Placement Protocol
Platform Setting STATIC
Foot Angle: Test Trial Time 20
Heel Position: Test Trials 3
Actual STD
Score Dev.
Overall: 18 1.57
Anterior/Posterior Index: 1.3 1.34
Medial Lateral Index: 0.9 115
% Time in Zone: A 95 B 5 c 0 D 0
% Time in Quadrant: 22 o7 m s V53
Anterior

Left Right

Posterior
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Limits of Stability Test Results

Name: Joe Blodex Date: 04/25/2006 9:37 AM
Height: 85773~ Age: 43
Foot Placement Protocol
Platform Setting STATIC
Foot Angle: Test Trial Time -1
Heel Position: Test Trials 3
Skill level: Medium
Time to Complete Test: 58
Direction Control Actual Goal
Overall: 78 >65
Forward: 2% >65
Backward: 72 >30
Right: 87 >65
Left: 78 >65
Forward/Right: 73 >65
Forward/Left: 83 >85
Backward/Right: 72 >65
Backward/Left: 78 >85
Comments:

BALANCE TESTING



Fall Risk Test Results
Name: Joe Biodex Date: 04/25/2006 10:19 AM
Height: Age: 85
Foot Placement Protocol
Platform Sefting 8
Foot Angle: Test Trial Time 20
Heel Position: Test Trials 3
Actual STD
Score Dev.
Overall Stability index: 26 1.78
Your score compared to age group of heailthy people
—E L L
[ .5 1.0 1.5 2.0 2.5 30 35 ae a5 5.0
Your Score: 4 7288 yvs: ) sat1yrs: B 3s-s3yrs: @ 17-35 yrs:
Anterior
n
Loft Right
m

Posterior

Comments:

Clinician:
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Athletic Single Leg Stability Test Results

Name: Joe Biodex Date: 04/25/2006 9:40 AM
Height: 85773~ Age: 43
Foot Placement Protocol
Platform Setting 4
Foot Angle: Test Trial Time 20
: Test Trials 3
Actual sSTD Normal sSTD
Score Dev. Score Dev,
Overall Stability Index: 1.7 1.0 3.9 1.9
Anterior/Posterior index: 1.1 [ X ] 3.7 1.8
Medial Lateral Index: 1.1 0.92 1.8 08

..
Medial Lateral index:
Right
1] v
Posterior
Comments:
Clinician:

BALANCE TESTING



Postural Stability Training
Name: Date: 9:56 AM
Height: 65°.73"
Protocol
Platform Sefting 12
Time:10 Score:0
Anterior
n
m v
Posterior
Comments:
Clinician:

© BIODEX MEDICAL SYSTEMS, INC.
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2-6

Postural Stability Training

Name: Date:
Height: 65"-73"

Platform Seftting 12

9:55 AM

Posterior

BALANCE TESTING



Weight Shift Training

Name: Date: 04/25/2006 9:58 AM
Height: 65"-73"
Protocol
Platform Sefting STATIC
Skill Level Hard
Time:18 Score:75

Sech
Sa3m
=y

RN

I

© BIODEX MEDICAL SYSTEMS, INC.
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2-8

Weight Shift Training

Name: Date: 04/25/2006 9:59 AM
Height: 65°.73"
Protocol
Platform Sefting STATIC
Skill Level Medium
Time:17 Score:100

BALANCE TESTING



Weight Shift Training
Name: Date: 04125/2006 9:59 AM
Protocol
Platform Setting STATIC
Skill Level Hard
Time:17 Score:100
ik
M/
-
Comments:
Clinician:

© BIODEX MEDICAL SYSTEMS, INC.
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Random Control Training

Name: Date: 04/25/2006 10:01 AM
Height: 65773~
Protocol
Platform Sefting STATIC
Skill Level Easy
Time:24 Score:100%

Left

4

BALANCE TESTING



Maze Control Training
T J—_— Date: 04/2512006 10:00 AM
i
[ Time:14 Score:34%
Q O
s 5,0
@ O ! O O
lofl, 7 )0)°
O OO O
O O O O
Comments:
Clinician:
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Limits of Stability Training

Name: Date: 04/25/2006 9:57 AM
Height: 6573
Protocol
Platform Setting 10
Skill Level
Time: Score:
Stance: & "
Q
Comments:
Clinician:

BALANCE TESTING



BIODEX BALANCE SYSTEM SD |reports

DYNAMIC BALANCE ASSESSMENTS

Once a Dynamic Balance Test is completed, reports can be generated in one of the following formats:

= Biodex Balance System SD Dynamic Balance Report Parameters

Predictive Values Comprehensive Comparative
Bilateral Bilateral Unilateral
Overall Values
Stability Index X v R L
Predictive Normative Value X
Mean Deflection v
Standard Deviation X v R L
Deflection Graph X v Yes Yes
Percent Difference Yes Yes
Anterior/Posterior Values
Stability Index X v R L
Mean Deflection v
Standard Deviation X v R L
Deflection Graph X v R L
Percent Difference
Medial/Lateral Values
Stability Index X v R L
Mean Deflection v
Standard Deviation X v
Deflection Graph X v R L
Percent Difference R L
Percent Time In
Zone v
Quadrant v

© BIODEX MEDICAL SYSTEMS, INC.






BIODEX BALANCE SYSTEM SD |parameters defined

STABILITY INDEX

The Stability Index represents displacement from a level platform position. A high Stability Index is indicative of the subject having
difficulty maintaining a level platform position and may represent poor neuromuscular control. This can be observed in both the
Bilateral and Unilateral Stance evaluations. Further evaluation should be performed to specifically target the neuromuscular deficiency.

The Unilateral Stance evaluation presents the percent difference between the Uninvolved and Involved side, this can be used to
support intervention decisions in regards to treatment progression and discharge.

The Stability Index is represented in the following formats:

= Overall
The Overall Stability Index takes into account the displacement from level in the following directions:

1. Anterior/Posterior (A/P)-Sagittal Plane
2. Medial/Lateral (M/L)-Frontal Plane

The Overall Stability Index can be compared to Predictive Values, which are age related normative ranges, useful for determining a
subjects balance ability as compared to their peer group.

The following equation is used to calculate the Overall Stability Index:

(DI = Z(0X)" + 2(0F D)= \/(DIp

number of samples

Predictive Normative Values
The Predictive Values Report allows the clinician to compare the subjects actual Overall Stability Index with age-related
normative values which are expressed in a range. The Normative Values were developed at Southern Connecticut State
University; the article can be found in the Source Book Section of this text. Should a patient perform outside the norma-
tive range, specific to the age, this maybe indicative of poor neuromuscular control requiring further in-depth evaluation.

= Anterior/Posterior (A/P)
The Anterior/Posterior Stability Index represents platform displacement in a sagittal plane. A high score in this direction
may indicate poor neuromuscular control of:

1. The Quadriceps and/or Hamstring muscles

2. The Anterior/Posterior compartment muscles of the lower leg

The following equation is used to calculate the Anterior/Posterior Stability Index:

Dy = >(0-Y)?

number of samples

© BIODEX MEDICAL SYSTEMS, INC. 2-15



= Medial/Lateral (M/L)

The Medial/Lateral Stability Index represents platform displacement in the frontal plane. A high score in this direction may
be indicative of:

1. Bilaterally - Poor neuromuscular control of the inversion or eversion muscles of the lower leg.

2. Unilaterally - Poor neuromuscular control of the inversion or eversion muscles of the lower leg,
especially following an ankle sprain.

Dlx = 2(0Xy

number of samples

The following equation is used to calculate the Medial/Lateral Stability Index:

DEFLECTION

This measurement is very similar to the Stability Index in that it measures displacement of the platform, however deflection
measures variance of the platform from the patients actual position. For example, during the centering procedure the clinician will
center the subject so the platform is level. Once data collection starts, the patient may change the position of their center of gravity
on the platform so they feel steadier. This can result in the following situations:

1. High Stability Index- platform position was not level.

Low Standard Deviation-patient is able to maintain platform position although not necessarily at
zero degrees of platform tilt.

2. High Stability Index- platform position was not level.

High Standard Deviation-Patient was not able to maintain platform position

Deflection is useful for providing information in regards to the subjects body awareness. They may feel that their COG is over their
BOS, however this may not actually be the case. This is typically seen in stroke and other neurologically compromised patients.

Muscle fatigue is apparent with long duration and multiple set evaluations, and can easily be observed using the deflection graphs
which represent the amount of angular deflection from the starting position.

= Mean Deflection
Mean Deflection is first presented for the combination of the Anterior/Posterior and Medial/Lateral Deflection. This num-
ber takes into account the average deflection of platform position based on the subjects starting position.

= Medial/Lateral Deflection
Average position of side-to-side motion for the patient throughout the test.

1(Xn, Yall
Mean Deflection = % P, Y

n

[{(Xn, Yol = \/ Xn'+Yn' (position vector magnitude)

PARAMETERS DEFINED



= Anterior/Posterior Deflection
Average position of forward and backward motion for the patient throughout the test.

. Y =
A/P Mean Deflection = n " n = # of samples
n Yn = nth sample
20
ANTERIOR
10
o/ EFQIE'#—'{NF I 30
10
POSTERIOR
20

s FAMECSEL D o i

STANDARD DEVIATION (SD)

This is the amount of variability in the statistical measure between data points. A low standard deviation demonstrates that the
range of values from which the mean was calculated were close together. Standard Deviation should be relatively low.

\[ Xn-X)? -
Standard Deviation = % (Xn-X) n = # of samples

n Xn = nth sample

X = mean deflection

© BIODEX MEDICAL SYSTEMS, INC.



ZONES AND QUADRANTS

The Target Display shown during testing for biofeedback is included on the output report and is broken down into Zones and

Quadrants to assist with making a clinical diagnosis as to potential neuromuscular deficits.
= Zones
1. Represent the amount of degrees from level the platform has traveled.

2. Each Zone represents five degrees of travel.

Zone A = 0-5° from level
Zone B = 6-10° from level
Zone C = 11-15° from level
Zone D = 16-20° from level

= Quadrants
1. Represent position of the platform tilt.

2. Target divided into four quadrants as follows:

Bilateral Stance Protocol: Unilateral Stance Protocol:

Quadrant 1 = Right Anterior Quadrant 1 = Lateral Anterior
Quadrant 2 = Left Anterior Quadrant 2 = Medial Anterior
Quadrant 3 = Left Posterior Quadrant 3 = Medial Posterior
Quadrant 4 = Right Posterior Quadrant 4 = Lateral Posterior

Zones and Quadrants are important when considering the rehabilitation of patients. Poor neuromuscular control can be easily
conveyed to the patient in a graphical format using the reported information regarding how much time they spent in each Zone
and/or Quadrant. A patient with weak hamstrings for example may exhibit more time in Quadrant 3 and 4, in a bilateral stance
condition; while a patient with a lateral ankle sprain may spend more time in Quadrant 1 in a unilateral stance condition. The less
control a patient is capable of, the further from level they are likely to go. More compromised patients will exhibit increased time in

Zones farther from level.

PARAMETERS DEFINED



DATA INTERPRETATION FOR THE DYNAMIC LIMITS OF STABILITY

Since the Biodex Balance System SD measures angular displacement from center, it can be used to assess a patients LOS in two
wawys.

= Method 1:
Using the Stability Index (SI) gained from a Dynamic Balance Report it can be determined how well a patient controls
their balance within their LOS in both an Anterior/Posterior (A/P) direction and a Medial/Lateral (M/L) direction. For
example, an A/P SI of 6.8 would mean that a patient remains within 57% of their A/P LOS.

A/PLOS =12
A/PSI=6.8

therefore:
6.8/12 = .566 or .57 x 100 =57%

The same method can be used to determine the M/L LOS control. They are both important for determining a patients potential risk for
falling. Rehabilitation exercises can be properly prescribed from these results to effectively assist the patient to better control their LOS.

= Method 2:
By using the Limits of Stability Test protocol it can be determined exactly in which direction a patient might have more
trouble controlling their LOS. The test results are based on 100, with 100 being a perfect score. The patient’s score is
based on their ability to accurately move the display cursor to a target 10° from a level platform position and back to
level again. The more direct the path to the target and back to center, the higher their score will be. Lower Scores may
be indicative of poor neuromuscular control.

Parameters for this assessment can be found on the report for the Biodex Balance Assessment: Dynamic Limits of Stability
Test. The formula found on the following page is used to calculate the score for each individual direction. The overall
Dynamic Limits of Stability Test score is calculated by taking the average of the eight individual scores. From the results it
can be determined how well the subject was able to control their Center of Gravity over their Base of Support. Higher
numbers represent better control, with lower numbers representing a poor control. The report also gives the total time it
took the patient to complete the test, which can also be compared between sessions.

© BIODEX MEDICAL SYSTEMS, INC. 2-19



HOW THE DYNAMIC LIMITS OF STABILITY SCORE IS CALCULATED

Straight Line Distance to Target

Score %= x 100

number of samples

Actual Distance Traveled (trace)

----------- Straight Line Distance to Target

CENTER TARGET

2-20

PARAMETERS DEFINED



stability index

BIODEX BALANCE SYSTEM SD
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3) Supporting Articles







PRODUCT PROFILE:

THE BIODEX BALANCE SYSTEM

By Thurman Ballard

INTRODUCTION

The Biodex Dynamic Postural Balance Assessment and
Training Device is designed to evaluate and train postural
balance and dynamic postural stability. Postural Balance is
best described as the ability to maintain the body’s center of
gravity within the area of support provided by the feet.
Postural Stability is the neuromuscular control required to
stabilize the joints of the lower extremity, and to continual-
ly adjust the body’s center of gravity (COG) to restore pos-
tural balance when displaced beyond the base of support.

From a physiological standpoint there are three factors con-
tributing to maintenance of balance. The first of these is the
visual component; how we react to what we see. The sec-
ond factor is the vestibular component; how the inner ear
senses and reacts to changes in the body position in space.
The third factor is the neuromuscular component of balance
known as proprioception.

PROPRIOCEPTION A KEY

In orthopedics the primary concern is with this propriocep-
tive component of balance as joint stability (dynamic joint
integrity) is of critical importance. And this is exactly the
task for which the Biodex Balance System has been
designed: evaluation and training of the neuromuscular
component of balance, with some influence from the visual
system as the patient attempts to maintain a cursor in the
target display for visual biofeedback.

This neuromuscular component of balance begins with sen-
sory input from specialized nerve endings -called
mechanoreceptors, which are located in the joint capsules,
ligaments, muscles, tendons, and skin. The mechanorecep-
tors pick up mechanical distortion of tissue and transmit
that information through an afferent signal to the Central
Nervous System. We call this process proprioception. The
CNS interprets the messages from the mechanoreceptors,
responding with an efferent signal of coded instructions to
the muscles. This complex series of messages and respons-
es is known as neuromuscular coordination.

Ligaments, attaching bones to bones, function as static sta-
bilizers to the joints. Muscles and tendons, crossing joints
as they travel from origin to insertion, function as dynamic
stabilizers. People run into trouble when they have to rely
on the static stabilizers in a dynamic situation. It is in this
situation where ligament injuries usually occur. A primary
use of the Biodex Balance System is to train the patient’s
neuromuscular coordination through enhancement of pro-
prioception so that the muscles and tendons stabilize the
joints, thus avoiding reliance on the static stabilizers and
reducing the risk of ligamentous injury.

FULLY STIMULATE MECHANORECEPTORS

Operation of the Biodex Balance System is very straight-
forward. The system utilizes a dynamic platform which
allows up to 20 degrees of deflection in any direction. This
generous degree of deflection is essential because to stimu-
late the mechanoreceptors joint excursion must be allowed

to nearly the end range of motion. The patient begins each
session by simply attempting to maintain postural balance
on the platform. Platform stability can be altered to eight
different levels, each progressively less stable than the last.
The less stable the platform, the more difficult it will
become to maintain postural balance. The patient is forced
to exercise neuromuscular coordination by working to
maintain the body in an upright position while on the unsta-
ble surface.

To gain insight into the vital role that the neuromuscular
component of balance, proprioception, plays in joint stabili-
ty and function, let’s take a look at a familiar clinical sce-
nario of two patients with the same injury or pathology. For
arguments sake, let’s say that both patients have a ruptured
Anterior Cruciate Ligament. The ACL is the static or struc-
tural stabilizer for the tibia about the femur, preventing ante-
rior translation of the tibia. Without the ACL the patient must
rely on the secondary restraints and dynamic stabilizers,
both of which are directly influenced by proprioception.

TALE OF TWO ACL'S

Now recalling that both patients have the same pathology
and intact secondary restraints, why is it that one patient
may be able to run, jump, downhill ski, play racquetball and
even basketball with no episodes of instability — perhaps
without even wearing a brace — while the other patient has
trouble descending a flight of stairs, can not run and may
even experience episodes of instability in which his knee
“gives way” while walking quickly?

What is the difference between these patients? Is one
patient a great athlete and the other an uncoordinated oaf?
Well, there’s probably more to it than that. In all likelihood,
the patient who can actively participate in sports and func-
tional daily activities without his knee giving way has
developed the proprioception and neuromuscular coordina-
tion necessary to compensate for the loss of static stabiliz-
ers and decreased or altered joint afference. This enables his
muscles and tendons to stabilize the joint in dynamic or
functional situations. The other patient most likely lacks
this neuromuscular sophistication, and perhaps also muscle
strength. Consequently he must rely on the static stabilizers
to stabilize the knee. A tough situation since, in this
instance, the static stabilizers are already compromised.

TRAIN PROPRIOCEPTION, COORDINATION

In sum, there are three factors that contribute to chronic
joint instability: ligament laxity, muscle weakness, and
impaired proprioceptive mechanisms. Through the use of
the Biodex Balance System patients with chronically
unstable or reconstructed joints can effectively train their
proprioception and neuromuscular coordination. The devel-
opment of these vital mechanisms will enhance the ability
of the muscles and tendons to dynamically stabilize the
joints, greatly reducing stress to the ligaments, connective
tissues and, ultimately, the joints themselves.
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THE BIODEX BALANCE SYSTEM WORKS WONDERS
WITH STROKE VICTIMS, AMPUTEES, NEUROLOGICALLY

IMPAIRED AND MORE

Many clinicians think of the Biodex Balance System as a
training device used mostly to address neuromuscular control
and postural stability problems associated with orthopedic and
sports medicine or geriatric rehabilitation. But now, as the sys-
tem has gained wide acceptance in the mainstream of physi-
cal medicine, clinics around the country are discovering many
more useful applications with truly gratifying results.

“I'm really excited about this device” says one clinician at a
leading Northeast hospital. “And I think its usefulness will far
surpass what we ever expected. It certainly has a wide appli-
cation outside of the sports medicine area that many people
associate it with. So far, we’ve used the system to work with
everyone from stroke victims and amputees to pulmonary dis-
ease, acute-care geriatric patients and patients with transverse
myolysis. I couldn’t be more pleased with the results.”

According to this source, the Biodex Balance System has
played its most surprising role in working with stroke victims.
In fact, the progress with some patients has been “absolutely
striking.”

“I have one stroke victim here for which the Biodex Balance
System proved to be the only means that could get her to
weight shift. This patient suffered a stroke on her left side. She
has some cognitive difficulties due to the stroke but she can
walk on her own to a degree. She is a business woman who is
very goal orientated, very analytical, and this technology has
really worked for her.”

Using the Balance System platform grid and biofeedback
training screens is helping this patient overcome perceptual
problems in addition to regaining the ability to weight shift
and balance. The patient begins each session by positioning
her feet on the platform using the grid coordinates as land-
marks to ensure her foot placement is consistent from session
to session. This simple positioning chore, notes her clinician,
can be a very difficult task for stroke victims in the early
stages of rehab as the simple concept of moving left and right,
forward and back, can be very tough to conquer. The grid on
the platform allows the patient to assume basic responsibility
for foot positioning and to work on coordination.

Like many stroke victims, this patient has the sensation that
one leg is lighter than the other and she tends to lean toward
the lighter side. Prior to her sessions on the Balance System,
the only way attending clinicians could get her to weight shift
properly was through manual hand cues. On the Balance
System, however, the clinicians were able to begin with the
hand cues and show the patient how her weight shifting was
mirrored by the cursor on the training screen. This provided
the patient with a visual cue as to what was happening and as
soon as she realized this her progress took off rapidly.

“In the first session, we still had to provide manual clues to the
patient to get her to move the cursor around the training screen

as she tried to make the connection that the cursor reflected
her weight shifts,” states the lead clinician involved in this
case. Once she realized that she was the cursor, she immedi-
ately began to make great strides. By her second session, she
was initiating movement on her own.”

“I’ve got to tell you, we tried many different modalities with
this patient but this was the only thing that worked. The
opportunity to visualize her weight shifting on the training
screen was exactly what she needed. She still has some chal-
lenges to overcome, but we now see marked improvement
every time she comes in for therapy. In her first session, she
was fatigued after two minutes. Now she can move the cursor
where we ask and even keep it inside a selected concentric cir-
cle on the screen. - and she can do this for over five minutes.
She still has very real cognitive problems that you might not
notice in conversation - she still has to think about movement
direction, for example - but now, at least, we have a way to
work with her.”

The Biodex Balance System is rapidly gaining favor in the
field of physical medicine and, with astute clinicians always
on the lookout for new and better approaches to treat their
patients, there can be no doubt that the number of applications
for this device will continue to increase rapidly. In addition to
its already well-established use in orthopedic, sport medicine
and geriatric rehabilitation, where the system is generally used
for balance training, cutting edge clinicians and researchers
are currently probing its value as a tool for head trauma injury,
as well as fall risk assessment and intervention. Additional
avenues may include work to establish norms for low-back
patients and baselines for amputee balance.

“As you can tell, I really believe the Biodex Balance System
can help many of my patients,” states the lead clinician who
was involved with the stroke victim described above. “Later
this week I’1l be using it with some of our amputees. Many of
these patients have difficulty learning to put pressure on their
new prosthesis. They’ll walk on it but, when standing still,
they tend to strongly lean on their good leg and that equates to
a loss of stability. I have one patient here with whom we’re
having great difficulty getting the message across but I'm sure
- I know - this system will help him. I’'m going to put him on
the platform and let him see on the screen how his center of
gravity is affected when he favors his good side. It should be
areal eye-opener.”

“It’s great to see how this system is really helping peo-
ple,” summarizes Ed Behan. “The possibilities as to what
it can do in the fields of intervention and rehabilitation
are very exciting.”

3-2
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EVALUATION OF ANKLE INSTABILITY USING
THE BIODEX BALANCE SYSTEM

Chris Testerman, M.D., and Robert Vander Griend, M.D.
Knoxville, Tennessee, and Gainesville, Florida

ABSTRACT

Ten patients with chronic unilateral functional lateral
instability of the ankle were evaluated using the Biodex
Balance System. This system uses a multiaxial testing
platform which can be set at variable degrees of instabili-
ty. Patters are then tested for their ability to '"balance"
the platform during single-limb stance, and a balance
index is electronically generated. This balance index is
believed to be an objective measurement that correlates

with proprioceptive status of the ankle.

Instability of the ankle was confirmed in all 10 patients,
using stress radiographs. Two levels of platform balance
were tested. With the platform in its most stable configura-
tion, there was minimal difference between the previously
injured and the uninjured ankle. With the platform set to
permit up to 20° of tilt in any plane, 6 of 10 patients had
more difficulty balancing the platform with their injured
ankle (higher balance index). This preliminary study sug-
gests that the Biodex Balance System may be a useful tool

in trying to objectively measure proprioceptive function.

INTRODUCTION

Chronic lateral ankle symptoms occur in up to 30% of
patients after an inversion ankle sprain. These symptoms may
include swelling, pain, instability, and repeat ankle injury.
The cause of these chronic problems is often attributed to

instability, muscle weakness, and proprioceptive deficits.

Ankle instability is often characterized as being mechanical
or functional. Mechanical instability results from laxity of the
ligamentous and pericapsular soft tissues. The resultant
increased mobility of the ankle is greater than the physiologic
range and can be demonstrated by an abnormal anterior
drawer or talar tilt at clinical or radiographic examination, or
both (1). Functional instability is a sensation that the ankle
will "give way," or feels unstable to the patient. This can

occur either with or without actual mechanical instability (3).

Peroneal muscle weakness is believed to contribute to chron-
ic instability. This was suggested in studies done using manu-
al muscle testing. However, recent work using more objective
measuring techniques suggests that muscle weakness,

although present, is not a primary factor in either the cause of

instability or the outcome of rehabilitation (10, 11).

Freeman (3,4) and others (2,9,16) have attributed functional
instability to a proprioceptive deficit. Proprioception is a spe-
cialized sensory modality that includes both the sensation of
joint movement and joint position. Mechanoreceptors in the
skin, muscle, tendons, and joint provide input to the central
nervous system. Vestibular and visual input is also involved
in this complex pathway of proprioception and neuromuscu-

lar response.

Damage to mechanoreceptors in the pericapsular tissue is
believed to result in proprioceptive deficits. Garn and Newton
(5) demonstrated that a patient’s ability to detect joint move-
ment was less in an ankle which had been previously sprained
than in an uninjured ankle. Similarly, differences in the ability
to actively identify and reproduce a passive foot position and
in peroneal reaction time have been found between a previ-

ously sprained and the uninjured ankle (6,8,12).

A number of studies have tried to identify methods of meas-
uring proprioception in a clinically useful way. Although pro-
prioceptive "retraining" has been shown to be an important
part of ankle rehabilitation programs, there is currently no
objective method to measure either deficits in proprioception
that occur after injury or recovery of deficits after rehabilita-
tion. Most reported studies have centered on assessing the
effects of injury on balance or postural sway in an attempt to
quantify both the static and dynamic components of proprio-
ception (1,7,13). Subjective evaluation, such as a Romberg
test or the ability to maintain a single limb stance, has been
used to demonstrate these proprioceptive changes in the
ankle. These evaluations are based on the concept that injury
to the mechanoreceptors of the lateral ankle decreases the
afferent feedback and, consequently, the neuromuscular

response, resulting in changes in postural or balance control.
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The Biodex Balance System (Biodex Medical Systems, Shirley,
NY) was designed to evaluate problems relating to balance,
proprioception, and neuromuscular control. The purpose of this
study was to use the Biodex Balance System to evaluate

patients with chronic unilateral instability of the ankle.

BIODEX BALANCE SYSTEM

This testing machine consists of a multiaxial standing plat-
form which can be adjusted to provide varying degrees of
platform tilt or platform instability (Fig. 1). A maximum of
20° of platform surface tilt can be selected. With this degree
of surface tilt, a dynamic situation is created, similar to actu-
al functional activities that result in instability. The ability of
the patient to maintain dynamic postural balance on this
unstable tilting platform is assessed. The patient stands on
the platform and is instructed to try to balance or hold the
platform in level position. A chosen level of platform insta-
bility is tested for a selected period of time. The patient’s
ability to control the angle of tilt of the platform is quantified
as a variance from the neutral position (zero-zero) center
over time. Three indices are electronically generated: (1)
anterior/posterior index (fore and aft movement in the sagittal
plane), (2) medial/lateral index (side-to-side movement in the
frontal plane), and (3) balance index (dispersive index of bal-
ance performance). The balance index is believed to be the
best indicator of the overall ability of the patient to balance
the platform. The output from this machine is such that the
larger the numerical value of the balance index, the greater
the degree of difficulty or "instability" in balancing the plat-
form. In theory, this "instability" should correlate with pro-

prioception and neuromuscular response.

This dynamic tilting platform system differs from a static
force plate system in that the center of pressure resulting
from the vertical ground reaction force remains constant (14).
In a static platform system as the foot is supinated, the center
of gravity moves laterally, and the vertical ground reaction
force and center of pressure must follow. Patients must move
their center of gravity (sway) to maintain balance, and this
shift is what is measured in the static platform systems. In a
dynamic tilting platform, only a small amount of surface tilt
is needed to stress the joint mechanoreceptors without chang-
ing the center of pressure or the vertical ground reaction
force. As the table tilts, the patient should be able to realign
the joint and "resolve" the resulting forces of gravity with

only a few degrees of joint motion.

Fig 1. The Biodex Balance System

MATERIALS AND METHODS

Ten otherwise healthy, athletic patients with unilateral chron-
ic ankle instability were tested on the Biodex Balance
System. There were nine men and one woman. All were <30
years of age. The initial injury in all patients was an inver-
sion injury with no associated fracture. The initial treatment
varied from no treatment to cast immobilization. The rehabil-
itation after the initial injury also varied from no rehabilita-
tion to combinations of muscle strengthening, range of
motion exercises, and proprioceptive training. Eight of the
ten patients had one or more episodes of repeated instability

after the initial injury (Table 1).

Stress radiographs of both ankles were obtained in all of the
patients. The Telos radiographic stress system (Telos Device;
Austin and Associates, Falston, MD) was used, and stress
radiographs were performed without anesthesia because all of
the patients could tolerate stress exams of the ankle. All of
the patients included in this study had at least 3° of increased
talar tilt and at least 3mm of increased anterior translation

(stress anterior drawer) compared with the uninvolved side.

READING MATERIALS




Table 1.

The Biodex Balance System

Patient Side/sex Date/injury # Episodes of Last episode Rehab Stability index: Stability index:
instability instability level 8 (INJ/NL; level 2 (INJ/NL,
1CB R/M 6/94 BB 1 2 yrs 1lst None 1.6/1.6 5.7/6.5
2nd TB
BG L/M 5/95 Run 3 1 mo None 1.6/1.6 6 6.5
3 CK L/M 199 Man 1 mo PSE 3 3 10.9/10.5
4 MM L/M 9/95 Soccer Q Q ROM 2.3 4 0/6.3
SKH R/M 3/95 BB (0] (0] ROM 1.3/1.6 4.5/4.6
6 JF R/M 1986 FB Man 1vr None 2.0/2.3 10.1/8.6
7 AF R/F 1982 Gymnst 5 3 mos ROM 1.5/1.4 2.3/2.6
PSE
8 JH L/M 1989 Soccer 3 3 yrs TB 1.5/1.3 6.9/4.6
9 KJ R/M 1990 Soccer 3 1vr None 1.5/1.4 8.1/6.9
10 PW R/M 1986 Many 1yr ROM 1.4/1.7 3.8/5.3
PSE

BB, basketball; FB, football; TB, theraband; ROM, range of motion; PSE, peroneal muscle strengthening exercise; INJ/NL, injured ankle/nommal; level 8, most stable; level 2 almost
20° tilt.

EVALUATION OF ANKLE INSTABILITY

Our testing protocol was based on previous studies using the
BIODEX BALANCE RESULTS

Biodex Balance System (15). To demonstrate use of the

>

machine, each patient first stood on one leg for 20 sec with Level 8
eve

the platform in its most stable position. This was repeated 44 (more stable platform)

with the contralateral leg. The foot position on the platform
was recorded and remained constant throughout each test. 34
Once the patient had acclimated to the platform, three tests
were done at each of the two levels of instability. The most 5
stable test (level 8) permitted minimal movement of the plat-
form, the unstable level chosen (level 2) permitted almost 1
20° of tilt in all directions. A 1-min test period was given
between trials. the initial leg tested was randomized, and the
1 2 3 4

uninvolved leg served as a control. During the test, the con-

Balance Index

5 6 7 8 9 10
tralateral leg was held in a flexed position off of the platform Patient Number

and arms were placed across the chest. No patient had diffi-

culty with balance or maintaining a single limb stance pos-

Level 2

ture on the platform. 4 (less stable platform)

Muscle strength testing was performed after the balance tests
were complete. The Cybex II Isokinetic Dynamometer 3
(Cybex Int., Medway, MA) was used to measure eversion and
inversion strength at speeds of 30°/sec, 90°/sec, and 120°/sec. 2
1
RESULTS
1 2 3

The results were based on an average of the three tests

Balance Index

4 5 6 7 8 9 10

Patient Numb
recorded at each balance level (Fig. 2). At the higher level of atient Rumber

platform balance (level 8), the balance index was greater Fig 2. Results of balance testing. The injured and
(indicating more difficulty in controlling the platform) on the uninjured side are compared on both the more
.. L . . stable (A) and less stable (B) platforms
injured side in only four patients. None of these differences

were statistically significant using the paired t-test.
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With the platform in a more unstable position of (level 2), six
of the patients had a balance index which was greater on the
injured side than the normal side. Five of these six patients
had at least three or more episodes of instability since their
initial injury. Three of these six patients had no rehabilitation
after any episode of injury, one had a home program consist-
ing of theraband exercises and two received a range of motion
or strengthening program. In the five patients with three or
more episodes of instability, the differences in the balance
index between the injured and normal ankle were statistically
significant. However, when the cumulative differences in the
balance index between the injured and normal sides at level 2
were compared for all 10 patients, these differences were not

statistically significant using the paired t-test.

An interesting finding was that the lowest balance index in
this study (i.e., the best ability to control the platform) at both
levels of balance tested was in the only woman tested
(patient 7). She was a physical therapist and had continued
with an ongoing rehabilitation program. She continued to be
active in gymnastics and ballet dancing, despite intermittent

symptoms of functional instability.

The results of Cybex II testing showed only three patients
with <80% eversion strength of the injured compared with
the normal extremity. Only one of these three (patient 8) had

a significantly higher balance index of the injured ankle.

DISCUSSION

Although both the extent of loss and the degree of recovery
of proprioception is an important factor in determining out-
come after ligamentous injuries of the ankle, an objective
method of measuring ankle and foot proprioception has

remained elusive.

The Biodex Balance System uses a multiaxial tilting platform
in an attempt to quantitate joint proprioception. This was a
pilot study to determine whether this system could be used to
objectively quantify a proprioceptive deficiency in patients
with chronic ankle instability. Differences between the
injured and normal ankles were seen in 60% of patients when
tested at an increased level of platform instability. Patients
with a history of multiple episodes of instability also had dif-
ferences between the injured and normal ankles. As in previ-
ous studies, our patients did not have significant weakness
between the injured and uninjured ankles, as measured by

Cybex testing.

The significance of these finds needs further study. The num-
ber of patients tested was small, and a number of variables
could not be controlled. For example, there were differences
in the rehabilitation that these patients received and in their
perceived degree of balance. This, however, is not different
from most clinical studies that have shown that there is vari-
ability in long-term functional outcomes among patients hav-
ing similar injuries and similar degrees of measured radi-
ographic instability. Additional questions raised by our pre-

liminary study including the following:

1. What is actually being measured: proprioception, neuro-

muscular response, or both?

2. Is the balance index a measurement of anything clinical-

ly relevant?

3. Are side-to-side differences or absolute measurements

more indicative of normal proprioception?

4.  How well does the balance index correlate with clini-

cal instability?
5. Will a rehabilitation program improve the balance index?
6.  Will surgical stabilization improve the balance index?

Although this study has generated as many questions as
answers, we believe this system shows promise in the evalua-

tion of proprioception abnormalities of the ankle.
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STABILITY PERFORMANCE ASSESSMENT AMONG SUBJECTS

OF DISPARATE BALANCE ABILITIES.

J.A. Finn, M.M. Alvarez, R.E. Jett, R.S. Axtell, D.S. Kemler, Exercise Scientist Department, Southern Connecticut State University, New Haven, CT.

Previous studies have repeatedly demonstrated that
poor balance is a risk factor for falls among elderly
subjects. The purpose of this study was to determine
the effectiveness of the Biodex Stability System (BSS)
in identifying subjects with disparate dynamic balance
abilities. Two hundred men and women, ranging in age
from 18 to 89 years, were study participants. After a
brief ergometer cycle warm-up, subjects completed a
practice period becoming familiar and comfortable on
the moveable platform of the BSS. Subjects completed
five, 20 second trials attempting to maintain their bal-
ance at stability level eight, the most stable level.
Average balance index was calculated after the best
and worst scores were discarded. Subjects 50 years of
age and older completed the Guralnik Functional test
which included a: 1) 50 foot timed walk, 2) ten second,
single leg stand performed once on the right and left
foot, 3) timed pencil pick-up, 4) ten second tandem
stand (eyes open/eyes closed), 5) ten step tandem
walk, and 6) timed chair stand test. Stepwise dicrimi-
nant function and MAVOVA analysis identified differ-
ences between genders, among age groups, and among
stability groups. Males (N=106) were less stable than
females (N=94) with means and standard deviations of
2.70+0.08 and 1.94+0.80, respectively. Young subjects
were most stable than older subjects with each age
group being different, as shown in Table 1. Four dis-

parate balance groups were identified, as shown in
Table 2.

Table 1: Stability Index Differences among Age groups

Group 1 Group 2 Group 3 Group 4
(N=31) (N=44) (N=78) (N=47)
17-35 yrs. 36-53 yrs. 54-71 yrs. 72-89 yrs.
X=1.54 X=2.13 X=2.57 X=2.70
5.d.=0.72 .d.=0.90 $.d.=0.78 s.d.=0.80

Table 2: Stability Index Differences among Balance groups

Group A Group B Group C Group D
(N=36) (N=79) (N=63) (N=21)
Best Worst
X=1.08 X=1.95 X=3.17 X=4.42
5.d.=0.19 5.d.=0.36 s.d.=0.34 5.d.=0.35

A stepwise discriminant function analysis was used to
determined Guralnik scores most important in predict-
ing subjects’ stability score. Single leg stand left (SSL),
single leg stand right (SSR) and Walk 3 (speed pace)
were identified as statistically significant and most
important predictors of balance. These three variables
identified 0.40 of the variance. These findings indicate
that BBS was effective in distinguishing between and
among subjects regarding gender, age groups and
balance ability.

CORRELATIONS BETWEEN DYNAMIC BALANCE PERFORMANCE
AND ISOKINETIC FUNCTIONS OF KNEE FLEXOR/EXTENSOR MUSCLES IN THE ELDERLY?

P. G. Siudmak, J.F. Signorile, M.H. Campbell, and A. Perry, University of Miami, Human Performance Lab, Coral Gables, FL

Corporeal balance is a multifaceted activity with visu-
al, vestibular and musculoskeletal systems interacting
synchronously. The importance of muscular perform-
ance was evaluated by correlating anthropometric and
isokinetic knee functions with dynamic balance in a
group of active elderly. Thirty-eight participants (22
females, 16 males, ages 62-77) were tested on the
Biodex stability system at two stability levels assess-
ing overall stability and deflections in the anterior/pos-
terior and medial/lateral planes. A stable center of
gravity/base condition with feel together and arms at
the sides was established. Two practice and four test
trials were given at each stability level (§=most stable,
2=least stable). Visual feedback was provided on a
LCD screen. Concentric isokinetic work (TW), power
(AP), and torque (PT) (90%s, 180%s, 300°s) for the

flexors/extensors were measured during 5 repetitions.
Strong negative correlations were observed between
body weight (BW), and stability levels 2 and 8 (R=.74,
P<.0001 and R=.72, P<.0001, respectively). When
BW was partialed out, PT, AP, TW, PTBW, and
TWBW were significant (P<.05) for all three stability
planes at level 8, yet, not at level 2. A by gender analy-
sis with BW included confirmed the importance of
BW since the highest correlations were with isokinetic
variables corrected for BW (PTBW, TWBW). These
data indicate that as an individual's mass increases it is
more difficult to recover balance. In addition, training
designed to reduce the incidence of falls should con-
centrate on improving knee flexor/extensor strengths
per unit body weight as opposed to absolute strength.

3-8

READING MATERIALS




LEARNING EFFECTS AND RELIABILITY OF
THE BIODEX STABILITY SYSTEM

Scott M. Lephart, PhD, ATC
Danny Pincivero, MEd
Timothy Henry, MS, ATC

Sports Medicine and Neuromuscular Laboratory
University of Pittsburgh
Pittsburgh, Pennsylvania

INTRODUCTION

Ligaments play a major role in normal joint kinematics, pro-
viding mechanical restraint to abnormal joint movement
when a stress is placed on the joint. Following injury to these
tissues, there is an inherent loss of mechanical stability to the
joint resulting in aberrations to normal kinematics.
Management of these sports related injuries focuses on restor-
ing joint kinematics either through surgical reconstruction, or
by enhancing muscular reflex compensatory stabilization
through rehabilitation. By restoring joint stability either
mechanically or substituting with secondary stabilizers, it is
speculated that sport activities can be resumed, recurrent
injury will be minimized, and progressive joint degeneration
can be avoided.

Kennedy (4) observed that in addition to their mechanical
restraining function, articular ligaments provide important
neurological feedback that directly regulates muscular
reflex stabilization about the joint. The neuromuscular con-
trolling mechanism is mediated by articular mechanorecep-
tors and provides the individual with the proprioceptive sen-
sations of kinesthesia and joint position sense. The neuro-
logical feedback for the control of muscular actions serves
to protect against excessive strain on passive joint restraints
and provides a prophylactic mechanism to recurrent injury.
Following joint injury, disruption to these articular
mechanoreceptors inhibits normal neuromuscular reflex
joint stabilization and contributes to repetitive injuries and
the progress decline of the joint.

Therefore, ligament injury not only results in the loss of the
mechanical stability of the joint, but also diminishes the
capacity for secondary stabilizers (muscles to provide joint
stability through reflex contraction). This proprioception
mechanism has recently received considerable attention rel-
ative to the treatment of sports injuries.

PRINCIPLES PROPRIOCEPTION REHABILITATION
AND ASSESSMENT

Developing a sports rehabilitation program that incorporates
proprioceptively mediated muscular control of joints neces-
sitates an appreciation for the central nervous system’s
(CNS) influence on motor activities. Joint afferents con-
tribute to CNS function at three distinct levels of motor con-

trol (8). At the spinal level, reflexed subserve movement
patterns that are received from higher levels of the nervous
system. This provides for reflex splinting during conditions
of abnormal stress about the joint and has significant impli-
cations for rehabilitation (5). The muscle spindles play a
major role in the control of muscular movement by adjust-
ing activity in the lower motor neurons. Partial differentia-
tion of joint afferent receptors has also been shown to alter
the musculature’s ability to provide co-contraction joint sta-
bilization by antagonistic and synergistic muscles, thus
resulting in the potential for reinjury (4).

The second level of motor control is at the brain stem, where
joint afference is relayed to maintain posture and balance of
the body. The input to the brain stem about this information
emanates from the joint proprioceptors, the vestibular cen-
ters in the ears, and from the eyes (8).

The final aspect of motor control includes the highest level
of CNS function (motor cortex, basal ganglia, and cerebel-
lum) and is medicated by cognitive awareness of body posi-
tion and movement. Movements that are repeated can be
stored as central commands, and can be performed without
continuous reference to consciousness (8).

With these three levels of motor control established, medi-
ated in part by joint and muscle afferents, one can begin to
develop rehabilitation activities to address proprioceptive
deficiencies. The objectives must be to stimulate the joint
and muscle receptors in order to encourage maximum affer-
ent discharge to the respective CNS level. At the spinal
level, activities that encourage reflex joint stabilization
should be addressed. Balance and postural activities, both
with and without visual input, will enhance motor function
at the level of the brain stem. Consciously performed pro-
gramming activities, especially at joint end ranges, will
maximally stimulates the conversion of conscious to uncon-
scious motor programming. The BIODEX STABILITY
SYSTEM provides a mode to both rehabilitate and assess
these levels of motor control that are mediated by lower
extremity.

BALANCE TRAINING AND TESTING

Balance is mediated by the same afferent mechanism that
mediate joint proprioception, and is suggested to be totally
dependent upon the inherent ability to integrate joint posi-
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tion sense, kinesthesia, and neuromuscular control (7).
Balance training using an unstable balance platform simul-
taneously integrates all of the aforementioned sensorimeter
components responsible for modulating muscle function at
the lower extremity. Preliminary evaluation on healthy
knees has demonstrated significant improvements in bal-
ance proficiency after completing a balance training pro-
gram using an unstable platform (1). Results also indicated
a significant variation in balance indices between sport-spe-
cific individuals (1,7). Balance proficiency has been demon-
strated to diminish in partially differentiated joints (3,7) and
these deficits produce aberrations in the afferent feedback
loop of the lower extremity, thus causing diminished neuro-
muscular function. Related studies have identified deficits
in balance proficiency using similar assessment techniques
for individuals diagnosed with ankle instability (3). The
lower extremity functions in a closed kinetic chain necessi-
tating neurosensory inputs from the ankle, knee and hip. In
conditions such as ACL-deficiency and ankle instability,
aberrations in sensory input will cause altered neuromuscu-
lar control. From these findings, it may be postulated that
some aspect of the joint afferent pathway is altered as a
result of trauma, surgery, or training, and can be identified
by assessing balance proficiency.

The BIODEX STABILITY SYSTEM provides the clinician
with the flexibility to train and test at each level of motor
control both in a single leg or bilateral stance. The System
provides up to 20 degrees of surface tilt which stimulates
joint receptors and promotes reflex muscular contraction
necessary for joint stability. The System also permits testing
with and without visual cues and enhances motor program-
ming. The System allows for progressive adaptions to occur
as the platform stability varies to accommodate for the
desired stimuli, necessary for each patient.

The purpose of these studies were to: (1) establish the trial expo-
sures required to negate any effects of procedural learning or
familiarization, and (2) establish the reliability of testing over
multiple trials, subsequent to negating the effects of learning.

METHODS

Learning Effects Study: Subjects in this phase of the study
included 10 healthy college age students. Stability indices
were obtained under 2 conditions: hi-lateral stance and dom-
inant single leg stance at two stability levels; level 2 and
level 8. Subjects were tested without footwear and were
positioned on the BIODEX STABILITY SYSTEM platform
in a comfortable position. Foot position coordinates were
recorded for consistency between trial tests. The subject’s
arms were folded across their chest and knees were flexed to
approximately 10-15 degrees. All tests were performed with
the subject’s eyes open. Subjects were instructed to maintain
a level platform for a duration of 20 seconds for each test.
Six trials were performed under each condition and at both
stability levels. The order of the tests were randomized.

Reliability Study: Subjects in this phase of the study
included 20 healthy college age students, none of which par-
ticipated in the Learning Effect Study. Stability indices were

obtained under 3 conditions: bi-lateral stance, dominant sin-
gle leg stance, and non-dominant single leg stance at two
stability levels; level 2 and level 8. Testing was performed
in a similar fashion as described for the Learning Effect
Study. Prior to three test trials one familiarization trial was
performed at each condition and stability level. Two famil-
iarization trials were performed for bilateral stance level 2.
The familiarization trials were selected based on results
from Phase 1 of the study to negate any learning effects.

Statistical Analysis: A one-way analysis of variance with
repeated measures was employed to establish statistical
mean differences between the six trials under each test con-
dition for the Learning Effects Study. A one-way analysis of
variance with repeated measures was also employed to estab-
lish statistical mean differences between the three test trials
for the Reliability Study. Intra-class correlation coefficients
were then calculated to determine reliability between the
three tests trials under each condition at both stability levels.

RESULTS

Learning Study: The one-way analysis of variance
revealed significant mean effects of learning under the
Bilateral Stance Level 2 condition and the Bilateral Stance
Level 8 condition. During the Bilateral Stance Level 2 con-
dition the subjects’ scores wee significantly (p<0.05) higher
during trial 1 (mean=4.8) and trial 2 (mean=2.71) and the
test of the trials 3-6 (Figure 1). Mean scores on trials 3-6
were not significantly different (means=1.87, 1.57, 1.73,
1.73). During the Bilateral Stance Level 8 condition only the
first trial (mean=2.18) was significantly higher than the
other 5 trials (means-1.3, 1.2, 1.03, 1.02, 1.01) (Figure 2).
There were no significant mean differences between any of
the 6 trials under the Dominant Limb Level 2 (Figure 3) or
Dominant Limb Level 8 conditions (Figure 4).

Reliability Study: There were no significant mean differ-
ences revealed between any of the test trials under the 6 con-
ditions during the reliability study. Intra-class correlations
(ICC 1,1) ranged from 0.60 to 0.95.

The values for each of the conditions are listed below:

Dominant Limb Stability Level 8
1CC=0.95

Non-dominant Limb Stability Level 8
ICC=0.78

Dominant Limb Stability Level 2
ICC=0.60

Non-dominant Limb Stability Level 2
ICC=0.60

Bilateral Stance Stability Level 2
ICC=0.85

Bilateral Stance Stability Level 8
ICC=0.71
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DISCUSSION AND RECOMMENDATIONS

The BIODEX STABILITY SYSTEM appears to be a highly
reliable assessment device across multiple test trials in
healthy individuals. There appears to be a learning effect
which was observed following two exposures to the device
when testing Bilateral Stance at Stability Level 2 and one
exposure learning effect when testing Bilateral Stance Level
8. Single leg testing did not reveal any significant learning
effect from 6 exposures. Based on these results it is recom-
mended that all subjects perform two trial tests for the pur-
poses of instrument familiarity prior to data collection to
ensure learning effects are negated, regardless of the test con-
dition. Following these two trials the clinician can assume that
all data acquired is reliable across the spectrum of stability
levels and that data differences are not related to learning.
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THE ADVANTAGES OF A DYNAMIC STABILITY SYSTEM COM-
PARED TO A STATIC FORCE PLATE SYSTEM FOR ORTHOPEDIC
AND MUSCULOSKELETAL REHABILITATION

Gary B. Wilkerson, EdD, ATC
University of Tennessee
Chattanoga, Tennessee

Ed Behan
Director of Market Development
Biodex Medical Systems

ABSTRACT

The Biodex Stability System, a new device by Biodex
Medical Systems, was designed with a dynamic multi-axial
tilting platform to aid in joint rehabilitation and enhance
proprioceptive mechanisms. In contrast to a static force
plate system, where the line of action of the vertical ground
reaction force is not constant, the Biodex Stability System
allows sufficient tilt to stress the joint mechanoreceptors
without excessively displacing the ankle. This results in
much greater ankle motion and stimulation of the joint
mechanoreceptors, with decreased risk of re-injury.

INTRODUCTION

Any movement of the body’s center of gravity (COG) away
from a perfectly balanced position (ie, directly over the cen-
tral portion of the base of support) results in the creation of
a force moment that must be counteracted by an appropriate
muscle activation pattern and generation of sufficient mus-
cular torque to prevent the support surface from tilting.
These movements are governed by and stimulate proprio-
ceptive mechanoreceptors. Such mechanoreceptors are
stimulated most by movement of the joint toward the limit
of its range. Thus, stimulation of mechanoreceptors to
regain proprioceptive function is an important part of joint
rehabilitation.
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DYNAMIC STABILITY SYSTEM

With a dynamic multi-axial tilting platform such as the
Biodex Stability System, the line of action (center of pres-
sure, COP) resulting from the vertical ground reaction force
(VGRF) remains constant. As the line of action moves away
from the VGREF, the forces of gravity — COG and ground
reaction — act on opposite sides of the subtalar axis of rota-
tion. Because the COP remains in line with the VGREF, only
a few degrees of joint motion are required to bring the joint
and resulting forces back into alignment. For this reason, 20
degrees of support surface tilt is sufficient to stress the joint
mechanoreceptors, while being limited enough to prevent
excessive ankle displacement.

STATIC FORCE PLATFORM SYSTEM

With a static force plate system, the line of action (COP) of
the vertical ground reaction force is not constant. As the
COG moves laterally, the COP beneath the foot and the cor-
responding VGRF follow. The COG must be laterally dis-
placed beyond the limits of stability, before the lateral border
of the foot acts as a fulcrum to supinate the foot. This causes
the VGREF to pass medial to the subtalar axis. As a conse-
quence, the patient must move their COG considerably
(sway widely) to get the VGRF opposite the axis of rotation.
These are considered the limits of stability (LOS). By the
time the LOS are reached, the patient will have fallen.




Neuromuscular Training Improves
Single-Limb Stability in Young Female

Athletes

Mark V. Paterno PT, MS, SCS, ATC'
Greg D. Myer MS, CSCS*

Kevin R. Ford, MS®

Timothy E. Hewett, PhD*

Study Design: Controlled single-group pretest/posttest design.

Objective: The purpose of this study was to determine if a 6-week neuromuscular training
program designed to decrease the incidence of anterior cruciate ligament (ACL) injuries would
improve single-limb postural stability in young female athletes. We hypothesized neuromuscular
training would result in an improvement in postural stability, with the greatest improvement taking
place in the medial-lateral direction.

Background: Balance training has become a common component of programs designed to prevent
ACL injury. Rehabilitation programs can improve postural stability following ACL injury and
reconstruction; however, there is limited information available which quantifies improvement of
postural stability following neuromuscular training designed to prevent ACL injuries in a healthy
population.

Methods and Measures: Forty-one healthy female high school athletes (mean age, 15.3 years; age
range, 13-17 years) participated in this study. Single-limb postural stability for both lower
extremities was assessed with a Biodex Stability System. The neuromuscular training program
consisted of three 90-minute training sessions per week for 6 weeks. Following the completion of
the training program, each subject was re-evaluated to determine change in total, anterior-
posterior, and medial-lateral single-limb stability. Two-way analysis of variance models were used
to determine differences between pretraining and posttraining and between limbs.

Results: The subjects showed a significant improvement in single-limb total stability (P = .004) and
anterior-posterior stability (P = .001), but not medial-lateral stability (P = .650) for both the right
and left lower extremity following training. In addition, the subjects demonstrated significantly
better total postural stability on the right side as compared to the leit (P = .026).

Conclusions: A 6-week neuromuscular training program designed to decrease the incidence of
ACL injuries improves objective measures of total and anterior-posterior single-limb postural
stability in high school female athletes. | Orthop Sports Phys Ther 2004;34:305-317.
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emale athletes injure
their anterior cruciate
lignments (ACLs) at a
rate 4 1o 6 times higher
than that of male ath-
letes participating in the same
jumping and pivoting
sports, M ERERIIT - Consequently,
there is currently an increased em-
phasis in sports medicine on the
development of training programs
designed to decrease the incidence
of noncontact ACL injury in fe-
male athletes.™*'™#! [n addition to
reducing the incidence of ACL
in_jl:l‘ics.“‘r“"?""""‘ these programs
have been shown to also improve
lower extremity biomechanics dur-
ing athletic tasks, while increasing
athletic |)crfor1n:mcc.23
Injury prevention training pro-
grams typically incorporate some
combination of strengthening,
flexibility, plyometrics, and balance
components; however, what has
not been fully determined is the
mechanism of how these programs
effectively reduce ACL inju-
Fies B6:17.21.288245 o e o 16 G-
lized balance board training and
noted a 7-fold decrease in ACL
injuries in male soccer players.
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Wedderkopp et al®™ instituted an injury prevention

program focusing on ankle disc training in young
female handball players and compared injury rates of
the trained group to a control group. The authors
determined that the trained group experienced 79%
fewer lower extremity injuries (including sprains,
strains, and subluxations) than the control group
over one 10-month competitive season. Hewett et al*!
incorporated flexibility, strength training, plyometrics,
and several single-leg balance drills in the overall
training of female volleyball, basketball, and soccer
players. They noted a 72% decrease in major knee
injuries in the trained group. While differences exist
among these training programs, the 1 common
component shared among protocols is the utilization
of some form of balance and proprioception exercise.

Balance training has been defined as exercises
designed to focus on postural awareness and equilib-
rium maintenance without changing the base of
suppm'l"” and has been incorporated into a variety of
training programs. There is a general consensus in
the scientific community that balance training can
improve postural stability, or the ahilil}' to maintain
an upright posture under dynamic conditions, in a
population with lower extremity injury such as an
ACL tear®!" 1596 Lowever, this has not been veri-
fied in populations with mechanically stable knees.

Stabilometry is an objective and quantitative
method for evaluating postural s[abilil}f.]"'[ Gl
the past, stabilometry studies were performed on a
static force plate with measurement of center of
pressure displacement or angular displacement of the
platform in the sagittal and coronal planes. More
recently, dynamic mobile platforms that also measure
center of pressure displacement in 2 dimensions have
been developed. These measures of stability can be
reported as total stability, stability in the anterior-
posterior (AP) direction, and stability in the medial-
lateral (ML) direction. Arnold et al® studied an
uninjured population of male and female athletes
utilizing the Biodex Stability System (Biodex Corp.,
Shirley, NY) and determined that there is a close
relationship between total stability and AP stability,
but not between total stability and ML stability. The
authors concluded that there is a need for individual
evaluation of each component of postural stability to
determine deficits in each plane.

Two recent studies'®™ have evaluated gender dif-
ferences in lower extremity kinematics with athletic
tasks such as a jumping, landing, and cutting maneu-
vers, and have found significant differences in
coronal plane motion between uninjured male and
female athletes. Based on these results, the authors
hypothesized that this difference in coronal plane
movement may be a risk factor for ACL injury. If
there are differences in coronal plane kinematics that
increase risk of ACL injury and assessment of total
stability is not an accurate indicator of coronal plane
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stability, then there is a need to individually evaluate
both AP and ML stability following a training pro-
gram designed to decrease ACL injury risk to deter-
mine changes that occur in each plane.

Several studies have utilized stabilometry to evalu-
ate subjects following lower extremity injury in an
attempt to quantify deficits in stability or ability to
regain dynamic joint control after rehabilita-
tion *#H#2A5A5A5 - Agsessment of change in postural
stability and proprioceptive ability in these popula-
tions was quantified through the assessment of joint
position sense, joint kinesthesia, and stabilometry,
and has supported the role of postural stability
training in the functional stability of the lower
extremity following injury. 1.2,18.51,82,35.50

With respect to patients with mechanically stable
knees following ACL reconstruction, proprioception
and postural stability can improve over the first 9 to
12 months postoperatively as a result of rehabilitation
focused on balance and pmprim‘.cplinn.g’"-"2"““'"’"""
Therefore, published evidence demonstrates that re-
habilitation with balance, proprioception, and agility
training can restore dynamic functional stability in
individuals with an AClL-reconstructed knee.

In contrast to the large amount of literature on the
effects of neuromuscular rehabilitation focused on
balance and proprioception in patients, there is little
published data that demonstrate the potental to
improve proprioception and postural stability in a
healthy, athletic p()[;)ulalinr)n.:"i Heitkamp et al'™ ar-
tempted to determine if short-term balance training
alone could improve strength. In doing so, the
authors reported that improvements in balance and
stabilometry were observed following a 6-week train-
ing program. In addition, at least 2 studies have
confirmed superior proprioception in athletes partici-
pating in sports that require superior balance, such as
gymnastics.”™ " The gymnasts studied either possessed
inherent superior balance or developed it following a
career of balance training specific to the sport.
However, no study to date has quan litali\‘c]y evaluated
the effects of a short-term neuromuscular training
program on measures of balance and proprioception
and no study has atempted to determine if improve-
ments in postural stability occur following a dynamic,
multicomponent program designed to decrease ACL
injuries. In addition, it is unknown if improvement in
postural stability is the mechanism by which
neuromuscular training programs may decrease the
risk of ACL injuries in these athletes.

LIU}*(IH2 suggests that cocontraction of the lower
extremity musculature may be responsible for the
increased joint stability in the knee during athletic
maneuvers and may be a mechanism by which
training programs help to decrease knee injury. This
author also states that balance and stability training
may help to improve the athlete’s ability to
cocontract lower extremity musculature and ulti-
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mately improve lower extremity stability. However,
Lloyd™ notes that no study to date has evaluated how
balance and stability training have actually reduced
the rate of ACL injury.

The purpose of this study was to determine if a
6-week, multicomponent neuromuscular training pro-
gram designed to help decrease the incidence of ACL
injuries in young female athletes improves single-limb
postural stability. Our hypothesis was that, following a
G-week neuromuscular training program, we would
see an objective improvement in postural stability as
demonstrated by total stability on the Biodex Stability
System. In addition, we hypothesized that greater
improvement would be reported in the ML direction
as compared to the AP direction.

METHODS

Subjects

Fifty-three female athletes from a local high school
registered to participate in this study. We established
an inclusionary compliance criterion mandating that
each participant be present for at least two-thirds (12
of 18) of the training sessions for their data to be
included in the results of the study. This criterion
allows for an average minimum compliance of 2
sessions per week and has previously been docu-
mented in the literature.?! Forty-one female athletes
(77%) met the compliance requirement. These sub-
jects attended a mean of 15 training sessions (+ 1.67).
Twelve of the original 53 subjects (23%) were unable
to complete the mandatory amount of training ses-
sions due to conflicting obligations.

The mean age of the 41 subjects was 15.3 years
(range, 13-17 years). Ten athletes reported basketball,
15 reported soccer, and 16 reported volleyball as
their primary sport. Forty (97.6 %) of 41 subjects had
greater than 4 years of participation in their sport
and 73.1% had greater than 6 years experience in
their respective sport. One participant had 2 years
experience in her sport. All training occurred in the
summer, immediately prior to the soccer and volley-
ball seasons, so no organized team sport participation
was occurring at the time of training; however,
independent athlete participation in sport was not
monitored or controlled.

Height and mass were assessed at the pretraining
and postraining test date. Parents or guardians
signed informed consent prior to participation in the
study. The testing protocol was approved by the
Cincinnati Children’s Hospital Medical Center Insti-
tutional Review Board.

Assessment

Prior to initating training, single-limb postural
stability was assessed on a Biodex Stability System

J Orthop Sports Phys Ther » Volume 34 ® Number 6 ® June 2004

(Biodex, Shirley, NY). The Biodex Stability system is a
multiaxial tilting platform that allows the examiner to
objectively measure the ability of a subject to main-
tain dynamic single-limb postural stance on an un-
stable platform through the use of stabilomclry.s'“
This stabilometric technique allowed assessment of
total single-limb postural stability in addition to AP
stability, and ML stability. The stability platform allows
for varying levels of difficulty of stability testing,
ranging from level 8 (most stable) to level 1 (least
stable). Schmitz et al'' examined the intrarater reli-
ability of the Biodex Stability System and reported an
intraclass correlation coetlicient (ICC) value of 0.82
for total stability, using a descending stability test
from level 8 1o level 2 over a 30second trial. Hinman
et al*! reported intratester reliability of 0.89 at level 3
based on 2 separate 30-second trials. Initial between-
session reliability data collected in our lab on 5
female athletes (mean age, 16.9 + 5.0 years) on 3
separate days at level 4 resulted in ICC;, values of
0.72 for total stability, 0.77 for AP stability, and 0.81
for ML stability.

FIGURE 1. Assessment of single-limb postural stability utilizing the
Biodex Stability System.
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Prior to testing, the subject was asked to center the
foot on the platform in a position that was level and
stable. This foot placement was maintained through-
out all 3 trials for the test leg. This position was used
as the level reference point from which degree of
displacement was measured., The subject was in-
structed to stand on 1 foot with the knee slightly
flexed on the free-moving stability platform, with the
contralateral kneee flexed to 90° for 20 seconds
(Figure 1). The subject was then instructed to keep
the platform as stable as possible. After reviewing the
current literature regarding rcliahilily.?'i"” and con-
sidering the authors’ own personal experience with
testing on the Biodex Stability System, level 4 was
selected for use during testing. The authors theorized
that in addition to having lower reliability, level 2
would be too unstable for some participants. Con-
versely, levels 6 through 8 had superior reliability, but
may not he sufficiently challenging to allow subtle
differences in stability in athletic populations to be
observed. Therefore, level 4 was utilized for all
testing. The subjects were instructed to cross their
arms at their chest to minimize their use in attaining
balance, as per system operation procedures." No
verbal feedback was given during the testing and
while the subjects kept their eyes open, they were
allowed no visual feedback regarding their perfor-
mance during the test, as the control screen was
covered during all testing. The Stability System was
positioned facing the corner of the room and each
subject was asked to look straight ahead and focus on
a point on the wall in front of the subject. Each leg
was tested 3 times, as done in previous studies
utilizing the Stability System for an assessment of
postural slabilit}'.*"‘“ The mean displacement from
the referenced, level position during the 20-second
trial was calculated for each trial.

The mean and standard deviation of the 3 trials
was calculated by the Stability System. The data were
analyzed and reported as total stability index, AP
stability index, and ML stability index, which is the
mean displacement of the platform in degrees, from
a level position. A higher stability index from the
reference point indicates a greater difficulty of the
subject to maintain the platform in a stable position.

This indicates less postural stability demonstrated by
the subject. Conversely, the lower the stability index,
the more stable the platform, representing greater
postural stability of the subject.

Training

The training program utilized in this study was a
synthesis of exercises used in published research
studies™ ! 51926200 prevention  techniques
developed through recent empirical and analytical
evaluations of neuromuscular training programs. The
3 components of the dynamic neuromuscular train-
ing protocol utilized in this study include: (1) bal-
ance training and hip/pelvis/trunk strengthening,
(2) plyometrics and dynamic movement training, and
(3) resistance training. Each training component
focused on regular instruction regarding appropriate
technique from the instructor with continuous feed-
back to the athlete both during and following train-
ing.

General Guidelines to Training The training protocol
stressed technique perfection for each exercise, espe-
cially in the early training sessions. Fach session
maintained a I-to-d instructor-participant ratio and
was directed by a certified strength and conditioning
specialist. The trainers were skilled in recognizing the
desired technique for a given exercise and consis-
tently encouraged the athlete to maintain proper
technique performance for as long as possible. When
the athlete fatigued to a point that she could not
perform the exercise with near perfect technique, the
exercise was stopped. The athlete recorded the dura-
tion of the exercises and number of repetitions
completed. The goal of the next training session was
to continue to improve technique, while increasing
duration, volume, or intensity of the exercise. In
addition to technique perfection, the neuromuscular
training was progressed to ensure a continued chal-
lenge to the athlete and maximize potential for
successful outcomes (Table and Appendix A). The
neuromuscular training stressed performance of gen-
eral athletic maneuvers in a powerful, efficient, and
safe manner.

TABLE. Sample exercise progressions from the balance and hip/pelvis/trunk strengthening protocol.

Initial Phase (Weeks 1-2)

Intermediate Phase (Weeks 3-4)

Late Phase (Weeks 5-6)

Stable surface progression
Broad jump, stick landing
Box drop, stick landing

Unstable surface (BOSU) progression
Double-leg balance (Figure 3)
Double-knee balance

Targeted hip/pelvisftrunk strengthening
Abdominal crunch
Lower back superman’s

Single leg, stick landing
Box drop medicine ball catch

Single-leg balance
Single-knee balance (Figure 2)

BOSU abdominal crunch
BOSU lower back superman’s

Single leg crossover, stick landing
Box drop 180° medicine ball catch

Single-leg balance (perturbation/sport)
Hip-side balance

BOSU abdominal V-sit/toe touch
Back hyperextensions

308

1 Orthop Sports Phys Ther ¢ Volume 34 ¢ Number 6 ¢ June 2004

READING MATERIALS




The athletes participated in the training program 3
days per week with at least 1 day of rest between each
session. Each training session lasted for 90 minutes
and began with an active warm-up that included
Jjogging, backwards running, lateral shuffling, and
carioca. During each training session, the athlete
participated in 2 of the 3 components of the pro-
gram, resulling in 2 exposures per week to each
component of the program. At the end of each
training session the athletes performed self-selected
stretching exercises for 15 minutes. This cycle of
training was repeated each week for the training
period of 6 weeks.

Balance Training and Hip/Pelvis/Trunk Strengthening
The balance training and hip/pelvis/trunk strength-
ening component of the protocol followed an organ-
ized exercise selection specifically directed at
strengthening  the hip/pelvis/trunk  stabilizing
muscles. The training was structured to provide the
appropriate intensity and progression of exercises.
The training progression took the athlete through a
combination of low- to higher-intensity maneuvers in
a controlled situation (Table). The goal of the
functional balance training and hip/pelvis/trunk
strengthening was to improve hip/pelvis/trunk stabil-
ity and coordination in an attempt to properly
control force, maintain balance and posture, and
subsequently regenerate force in the desired direc-
tion. The athletes did not wrain or practice on the
Biodex Stability System.

The initial phase of the balance training and
hip/pelvis/trunk strengthening component lasted 2
weeks and focused on development of baseline stabil-
ity and good technique (Table). Early balance exer
cises included doublelimb jumping activities with a
focus on correct landing posture, which has been
described by previous authors.*"** In addition, low-
intensity single-leg hops were introduced at this time,
again with a focus on maintaining balanced landing.
During the beginning stages, progressions were made
from decreasing frequency of double-limb jumps and
increasing frequency of single-limb hops. Balance on
an unstable surface was also introduced using bilat-
eral stance exercises on the “both sides up™ (BOSU)
balance device (DW Fitness, LL.C, Madison, NJ). The
BOSU (Figures 2 and 3) is a balance device with a
circular platform on 1 side and an inflated half-
sphere on the opposite side. It provides an unstable
platform to further challenge the subject’s balance
and stability, The initial stages of training also in-
cluded a component that focused on abdominal,
mid-back, low-back, and hip strengthening.

The intermediate phase of the balance training
and hip/pelvis/trunk strengthening portion of the
neuromuscular training program occurred during the
third and fourth week of training. During this time
the athlete was progressed to more single-limb stance
movements with a decrease in volume of double-limb
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FIGURE 2. Example of hip/pelvisitrunk training with single-knee
stance on unstable surface.

stance on stable surfaces. In addition, stable surface
activities progressed into more multiple-plane move-
ments. Trunk strengthening was also progressed dur-
ing this phase to knee support balance drills (Figure
2) and unanticipated perturbations,

The late phase of the balance training and hip/
pelvis/trunk strengthening exercises lasted 2 weeks
and focused on training on an unstable surface with
single-limb  support. The training included static
holds with upper extremity involvement, as well as
dynamic activities such as jumping onto and off the
unstable surface in multiple planes and rotational
jumps on the unstable platform. Hip/pelvis/trunk
strengthening was also continued with abdominal and
trunk strengthening activities. The focus of the late
stage was to develop stability in a single-limb stance
position in unstable and unanticipated environments,
with the goal of preparing the athlete to react
appropriately in an athletic situation. Ultimately, the
goal is to provide stability and avoid injury. Figure 3
demonstrates a typical exercise progression during
the balance training.

Plyometrics and  Dynamic  Movement Training The
plyometrics and dynamic movement training compo-
nent emphasized a progression of jumping, pivoting,
and cutting mancuvers from double-limb to single-
limb movements throughout the training phases.

Resistance Training The resistance-training compo-
nent of the protocol was periodized with an initial
high-volume, low-intensity protocol. The goal of the
resistance training component of the protocol was to
strengthen all major muscle groups through complete
range of motion and to provide complementary
muscular strength and power to the plyometric and
balance components of the protocol. Appendix A
describes the specific exercises executed during each
phase of training.
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FIGURE 3. Demonstration of balance training exercise progression on unstable platiorm (BOSU) from double-limb stance to single-limb
stance to double-limb stance with perturbation to single-limb stance with sports-specific perturbation,

Data Analysis

Mean and SD of height and mass were reported for
all subjects pretraining and posttraining. A paired ¢
test was used to determine significant changes in
these variables (P<.05).

For assessment of postural stability, mean and SD
of postural stability of the 3 single-limb wrials for both
legs of each subject was recorded at the pretraining
and the postiraining sessions for total stability, AP
stability, and ML stability. The group mean and SD
for each leg pretraining and posttraining were calcu-
lated for descriptive purposes. Three separate 2 x 2
(side x training) repeated-measures 2-way analyses of
variance (ANOVAs) were conducted to determine if
any difference existed between sides (right versus
left) and time of testing (pretraining versus posttrain-
ing) for total stability, AP stability, and ML stability. A
Pearson correlation coefficient was measured to de-
termine the degree of association between total
stability and AP and ML stability. Significance was set
at P<.05. Statistical analyses were conducted in SPSS
for Windows, Release 10.0.7 (SPSS, Inc., Chicago, IL.).

RESULTS

Height and mass of the subjects were evaluated
pretraining and posttraining. The initial height
(mean £ SD) of the participants was 171.2 £ 7.2 cm,
and mass (mean + SD) was 64.8 £ 10.0 kg. Assessment
of height and mass after 6 wecks of training revealed
no change in mean height; however, a very small but
statistically significant increase in mass (65.7 + 6.7 kg)
was noted (P = .001).

Mean and SD of single-limb postural stability
pretraining and posttraining for total stability, AP
stability, and ML stability are reporied in Figures 4, 5,
and 6 for the right and left lower extremities. The
results of the ANOVA for total stability indicated a
main effect for training (F, ;, = 9.4, P = .004), and
for side (F 4, = 5.4, P = .026), with stability posttrain-
ing being better than pretraining and stability on the
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right side being better than swability on the left side.
There was no interaction between the variables of
side and training (P = .674).

The results of the ANOVA indicated a significant
training main effect for AP stability (F, 4, = 11.7, P =
[001), with posttraining values being better than the
pretraining values (Figure 5). There was no signifi-
cant difference for AP stabilitv between the right and
left lower extremity (F, 4, = 3.1, P = .086). There was
also no significant interaction between the variables
of side and training (P = .866).

No significant difference was found between
pretraining and posttraining (F, 4, = .2, P = .65) and
between lower extremities (F, ,, = 2.5, P = .12) for
stability in the ML direction. There was no interac-
tion between the variables of side and training
(P = .835).

Finally, a strong correlation was observed between
total stability index and AP stability index for the
right leg (r=.954, P<.001) and the left leg (r=.923,

OPretraining
8 1 mPosttraining 444286
; |l 4116
5 B EAA 3.6+1.3
4
3 -
2 4
1 -
0 T

Right Left

FIGURE 4. Mean total stability index pretraining and posttraining
for the right and left lower extremity. Posttraining values are
significantly better than pretraining values (P = .004) and stability on
the right lower extremity is better than on the left side (P = .026).
The error bars are 1 SD.
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FIGURE 5. Mean anterior-posterior stability index pretraining and
posttraining for the right and left lower extremity. Posttraining values
are significantly better than pretraining values (P = .001). The bars
are 1 SD.
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FIGURE 6. Mean medial-lateral stability index pretraining and
posttraining for the right and left lower extremity. Medial-lateral
stability did not change with training. The bars are 1 SD.

P<.001). There was only a moderate correlation
between total stability index and ML stability index
for the right leg (r = .601, P<.001) and the left leg
(r=.733, P<.001).

DISCUSSION

Participation in a structured 6-week preseason
neuromuscular training program designed to de-
crease ACL injury significantly improved total and AP
direction single-limb postural stability measures in
young female athletes, However, no change in stabil-
ity in the ML direction was noted.

In the uninjured population, to our knowledge, the
effect of short-term neuromuscular training designed
to help decrease knee injuries on postural stability
and proprioception has not been reported in the
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published literature. Two authors have retrospectively
evaluated the proprioceptive capacity of gymnasts
who participated in long-term proprioceptive training
as part of their sport. Lephart et al™ and Vuillerme
et al™ found that gymnasts were better able to
maintain postural stability when compared to
nongymnasts. These studies both suggest improve-
ment in proprioceptive ability and postural stability
with long-term training; however they did not report
the effects on proprioception of a short-term training
program. Our findings suggest that in as little as 6
weeks of neuromuscular training there can be a
significant improvement in total and AP postural
stability in young female athletes.

Similar to the findings of Arnold et a]."; our results
show a strong correlation between total stability index
and AP stability index for the right leg (r = 0.954,
P<.001) and the left leg (r=.923, P<.001), and only
moderate correlation between total stability index
and ML stability index for the right leg (r = .601,
P<.001) and the left leg (r = .733, P<.001). This
finding is, in part, the result of the higher magnitude
of motion demonstrated in the AP direction as
opposed to the ML direction and is supported by a
few studies in the literature.** These findings fur-
ther substantiate the need to evaluate total stability
and ML stability independent of each another.

With respect to ML movement, Ford et a re-
ported increased valgus knee motion in normal
female basketball players when compared to males
during a drop jump task. Malinzak et al™ demon-
strated increased knee valgus angles and decreased
knee flexion angles in female athletes performing
cutting tasks when compared to male controls. These
gender differences in coronal plane kinematics in
uninjured female athletes may represent an increased
risk for ACL injury. Considering these gender differ-
ences, we hypothesized that following a training
program designed to decrease ACL injury risk, there
would be an improvement in coronal plane postural
stability. However, our results demonstrated no signifi-
cant improvement in stability in the ML direction.

A retrospective analysis of our training program
design was conducted to determine if any bias existed
to explain the significant improvement in AP stability
and failure to demonstrate significant improvement
in the ML direction. The training program utilized
AP perturbations on an unstable platform without
ML perturbations and may have failed to properly
stimulate stability improvement in the ML direction.
Further research is needed to investigate the poten-
tial of neuromuscular training focused on improving
ML stability, specifically ML perturbations.

With respect to neuromuscular training, there have
been a few studies documenting the importance of

]|2

preseason training programs on the prevention of

ACL injuries; however these have failed to investigate
the changes in postural stability that may have oc-
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curred. Caraffa et al® conducted a prospective study
of European male soccer players in an attempt to
decrease the incidence of ACL injuries. The authors
had the study group participate in progressive
proprioceptive training that utilized balance board
and disk training drills and found a 7-fold decrease in
the incidence of ACL injuries when compared to a
control group; however, the athlete’s improvement in
postural stability was not objectively measured. Wed-
derkopp et al™ implemented a prospective interven-
tion program designed to decrease injury rate in elite
European female handball players. The authors re-
ported an 80% decrease in injuries during games and
a 71% decrease in injuries in practice for the
intervention group when compared to the control
group. Hewett et al®' reported a 72% decrease in
serious knee injuries in female athletes following
participation in a 6-week preseason training program
including flexibility, strength training, plyometric
training, and single-leg balance drills; however, no
quantification of improvement in proprioception or
postural stability was reported. Thus, it cannot be
determined if the mechanism resulting in decrease
injury rate was related to improved proprioception
and postural stability or other unmeasured variables.

These previously reported findings, coupled with
the results of the current study, provide a novel
contribution to the scientific literature. Our findings
help substantiate that the balance component is
improved following preseason training designed to
help decrease ACL injuries. In the work of Caraffa et
al® and Hewett et al,®' an athletic population is
shown to have a marked decrease in noncontact ACL
and MCL injury incidence following training. While
our findings suggest that participation in such train-
ing will aid in the improvement of postural stability
that may improve dynamic joint stability in the knee
and decrease ACL injuries in female athletes, our
study did not look at dynamic joint stability and the
incidence of ACL injuries. Therefore, no conclusion
can be reached at this time.

Future research should explore the possibility that
deficits in total, AP, or ML postural stability may be a
risk factor for ACL injury. If this is the case, then
assessing postural stability in the preseason may help
identify young female athletes who have deficits in
postural stability, dynamic joint control at the knee,
and ultimately are at higher risk for ACL injury.
Identification of a high-risk group is the first step in
determining what population of athletes should par-
ticipate in preseason neuromuscular training to help
decrease the incidence of knee injury. Prior studies
by Tropp et al®™ demonstrated that an abnormal
stabilometric score was predictive of future ankle
injury. No study has associated deficits in postural
stability to increased incidence of knee injury.
Neuromuscular training programs implemented at
the team level, such as those demonstrated by Caraffa
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et al® and Hewett et al,*' appear to be successful at
decreasing the incidence of knee injuries, but they
have not been effectively targeted towards individuals
who may be at the highest risk.

This study has several possible limitations that need
to be considered. First, the neuromuscular training
we utilized was a multicomponent program including
balance training, plyometrics, and resistance training.
A single component of this program (ie, balance
training) may have been solely responsible for the
improvement seen in postural stability; however, we
are unable to dissect out the separate effects of each
of the components of the program. Secondly, there is
a limit to the generalizability of the effects of training
because the focus of this study was on young female
athletes. The question, however, still remains if males
would benefit equally from such a training program.
Knowing the biomechanical differences between male
and female athletes, it would be inappropriate to
assume the same results would occur in male athletes.
Thirdly, it is assumed that the improvements in
postural stability seen following the 6-week preseason
training persist through the season. However, this
study is unable to determine if the changes seen at
the end of training persisted throughout the season
or if they deteriorate over time, because no repeat
testing was performed postseason. Finally, there was
no control group tested in the study, therefore we are
unable to unequivocally determine if the changes
noted in postural stability were in fact due to the
intervention,

Future studies should attempt to further quantify
the presence of other biomechanical and
neuromuscular improvements that may be observed
following structured preseason neuromuscular train-
ing designed to reduce the incidence of ACL injuries
in female athletes. Methods to refine programs aimed
at effectively reducing the rate of ACL injuries in
female athletes need to be determined.

CONCLUSIONS

Single-limb postural stability and proprioception is
a key component to the functional status of the lower
extremity. This study shows that 6 weeks of
neuromuscular training can improve single-limb pos-
tural balance as measured by an index of total
stability and AP stability, but not ML stability.
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Appendix

Athletes completed 2 sessions from each of the 3 protocol sections (hip/pelvis/trunk strengthening and
balance training, plyometrics and dynamic movement training, and resistance training) each week during the
6 week training program. (Abbreviations: r, recommended exercise repetitions; s, recommended exercise time
[seconds]).

Section 1: Hip/pelvis/trunk strengthening and balance training sessions,

Training Sessions

Exercises 1 2 3 4 5 6 7 8 9 10 n 12

BOSU superman (right-left) %15 x 17 A7 L5 120 % 20 % 20 x20 2x25 2x25 2x25 2x125

r L [y r

BOSU crunches %35 % 40 x40 2x35 1x55 % 55 % 55 ]

BOSU double-leg perturbations ® 20 % 20 % 20

BOSU double-leg pick » 10 % 10 1%x10 1%10 1x10

®x8r *x8r ®x8r
3T

x 10

x4r
x5

x4r
x5

x4r
x5

Broad jump-stick landing
Single-leg x hop (right-left)
180° jumps stick landing

1
-
1
5
%20 2%x20 2x20 2x20
5
1
5
1
1

—_— T e R W =
RS S T e BN

% 10

BOSLU both knees deep hold * 20

BOSU both legs deep hold x 20 x 20
X-8F 1.x87r

x40 2 x40
T

Box drop stick landing x8r xBr 1xBr
Hop-stick landing (right-leit) x5 5.t Asehit: Thibins] x6or
BOSU single-leg deep hold 2% 20

BOSU jump stick landing xBr
BOSU swivel crunch (feet planted) 2 = 40

ST T I ¥ iy [ RO ey SR ST

-
PR SRR T T ) R S SRS i T e

x 20 2% 20

BOSU V-sit toe touches 1%x15 1x%x15 x 15 o T e T B x 15 x 15 x 15

R Y

w

Double crunch 23128 % 25 x 25 X255 %25 x2S

.‘
[ S T Y
- — W

LR Y

180° jumps stick landing, medicine Tx6r Txbr 1x6r 1xb6r
ball catch

BOSU both knees deep hold, 2% 20
medicine ball catch ]

BOSU swivel crunch (feet up) 2x30

% 20 = 20

140d3¥ HOY¥V3ISIA

* 30

Box drop medicine ball catch 1x8r
Crossover hop-stick

*Br 1x87r

x 12 x 12 x 12 x 12 x:12

e W
e R

2
B
x 30 2x30
r
1
1
:

1

-
BOSU 180° jumps stick landing 1x15 1%15

r

1

-k =Yk
-

1
¢
) b i S
r
BOSU jump stick landing, medi- 1
cine ball catch

BOSU partner toss (feet up)

x8r 1x8r 1x8r 1 x8r

x 30 »® 30

BOSU single-knee deep hold x20 2%x20 2x20 2x20

BOSU sin%:e-leg deep hold, mul- %30 2% 30
tiple switches
BOSU single-leg pick (right-left)

BOSU double crunch

— kg BN

®x8r
x 25

x8r
% 25

x8r

2

b3

2

5

»* 30 2 x 30

s

x8r 1
2

r

1

BOSU hop stick landing (right-left)
BOSU opposite knee to elbow

xB8r 1x8r
% 25 2% 25¢

o SRR S R R S T e |
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Section 2. Plyometrics and dynamic movement training.

Training Sessions
Exercises 1 2 3 4 5 6 7 8 9 10 1 12

Wall jumps (ankle bounces) x15 1x15 x15 1x15 1x15 1x15 1x15 1x15 1x15 1x15
5 s . s s B s
x15 1x15 1x10 1x10 1x10 1x10
s s s s s
x 15 1x15 1x15

5 5

®

1
H

Squat jumps 5 1Tx15 2x15
5

x
o
W pg -

1807 jumps (height)

Barrier jumps (side to side) x 10 110 1x10

x
w
ok A ek Vo W

x 20
Box depth max vertical x 10
Box depth reaction % 10

1
s
1
s
1
s
1
s
Bounding in place 1% 20
B
1
r
1
:
Broat jump vertical 1
k
1

- T TV U

Egmard barrier hops with middle xbr
%

Forward hops over barriers 1x6r 1 x6r
Lunge jump 2x10 2x10
x 10

Tuck jump (with thighs parallel) 2x10 1x10 1x10
s

180° jumps (speed) x 15 x 15 1%x15 1% 15 1%x15

w
[ QT

Backward-forward box depth max *x10 1%x10 1x10

vertical
Barrier jumps (front to back}

x 15 »x 15

- - Y

1

r
x15 1x15

5

1

xbr xb6r

» 10

xbr
x 10

Bounding for distance
Scissors jump

% 10 x 10

x 10

L7 SN A JEAPRL R SN ey

Tuck jump (with butt kick)

1807 jumps, broad jump

Y N IR I N7 v R Y

Forward barrier hops with stag-

gered box
Box depth max, vertical, reaction

Broad jump, jump, vertical

T
x
=

—_—
x
=1

Zig-zag jumps over barriers
Broad jump, jump, jump, vertical x 10 x10 Tx6r 1x6r 1x6r 1x67
Hop, hop, hop-stick (right-left)
Lateral barrier hops

Lateral barrier hops with staggered
X

® b xbr
x6r ®xbr Txbr 1x671

—— TV

1
r
xbr Ix6r 1xbr 1x67
1
1

Power steps (right-left) x 10 x 10

1
¥

x5 1x15 x 10
5

R N

Tuck jll;irnp {with abdominal
crunch)

Barrier jumps (front-to-back) speed

x10 1x10 1x10

x15 1x15

Barrier jumps (side-to-side} speed ®x15 1x15

BOSU 180° jumps stick landing %15

—_ o B
—_ s T O 01—

Box depth 1807, box depth max, xB8r 1x8r 1x8r 1x87r
vertical

Jump into bounding 1x6r 1x6¢
3 barrier hop, reaction (3-way)

Barrier hops flat (front-to-back)

(right-left)

Barrier hops flat (side-to-side)

1 ®x9r
1
5
1
(right-left) s
1
1
r
1

®x 12

x9r
® 12

®x9r
x 12

®x9r
x 12

T e
W o

Box depth, broad jump wBr
Crossover hop, hap, hop-stick
(width)

Multidirectional barrier hops x6r

Crossaver hop, hop, hop-stick (dis- 1x0r 1x10
tance) r

Box depth, 180°, box depth, verti- TxBr 1x87r
cal, reaction

x
o
it
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Section 2. Plyometrics and dynamic movement training. (cont'd.)

Training Sessions

Exercises 1 2 3 4 5 6 7 8 9 10 1" 12
Box depth-180°-reaction Tw8r 1x87r
Broad jump, jump, jump, vertical, Ixbr 1xb6r
reaction
Forward/backward hops over bar- Txb6r 1x6r
rier
Squat-tuck jumps 1%12 1x12
s s
Section 3. Resistance training.
Training Sessions
Exercises 1 2 3 4 5 6 7 i} 9 10 mn 12
Lateral pulldown 2x12 2x12 2x12 2x72 2x10 2x10 2x8 2x8 1x8 1x8 1x8
Ankle, plantar-dorsi 1x12 1%12 1x12 1%x12 Tx12 1x12 1x12 1x12
Benchpress 2x12 2x12 2%12 2x12 I3x12 3x12 Ix12
Db hang snatch 2x12 2x12 2x10 2x8 2x8 2x5 Ix5
Leg curl 2x12 2x12 2x10 2x8 Ix8 3x5 Ix5
Shoulder press 2x12 2x12 2x10 2x8 18 1x8 1=x8
Squat 2x12 2x12 2x10 2x8 Ix8 3Ix5 Ix5
Back fly 2x12 2x12 2x12 2x12 1x12 =
Bicep cicuit 1x12 1x12 1x12 1x12 Tx12 m
Russian good mornings 2x12 2% 12 2x12 2x15 1% 15 w
Ankle, eversion-inversion 1%12 1%12 Tx12 1 %12 s
Cable rows 2x12 2x12 2x12 2x12
Db incline 2x12 2x%12 2% 10 2x8 2x8 >
Hang cleans 2x12 2x12 2% 10 2x8 2x8 =
Leg press 2x12 2x12 2% 10 2x8 2x8 (@]
Lunge circuit 1x12 1x12 2x10 1x8 1 %8 T
Shoulder circuit 1x12 1x12 1x10 1 x8 1 x8
Straight-leg dead lift 2x12 2x12 2x12 2x12
Tricep circuit 1 %12 1% 12 1% 12 1x12 ~
m
-
-~
-
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