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ABSTRACT

The main objective of this work is to addressgh@wving concern of balance loss and
falls in the aging population. The initial aspdobks at balance control in a dynamic
environment. Observation of age and gender inleemn motor control will be made related
to a new dynamic balance testing platform (DBTPhe topic of focus in the second portion
relates to reaction time in an unstable environmé&search has found that balance
improves when physical activity is a part of ddifg for seniors. Physical activity influence
on reaction time will be investigated with a newpagach to exercise classes for seniors.
Finally, an understanding of motor control and bakamay be acquired and physical activity
incorporated into the life of an elderly individu@lowever this will never fully prevent falls
from taking place. A novel approach to injury peetion due to falls is explored in the final
portion of this thesis.
Study One

Using a newly constructed dynamic balance tegtiagorm (DBTP), balance ability
of three age groups was observed in two visual ibond and in relation to gender. Center
of Gravity excursion (COGex) was observed to deimenthe differences between age
groups and gender. Platform response patterns alsweobserved to asses the functionality
of the DBTP as a new tool for balance testing. e€hthings were found: 1) Age differences
related to platform movement suggested that balalemeased with age in both visual
conditions. 2) Gender differences between COGamdothat males covered the most
distance in both visual conditions when comparefénoales. 3) Gender differences between

platform characteristics showed that females ba&dnonger and had lower platform



movement rate than males, in both visual conditidnsorder to consider the DBTP as a new
tool for determination of balance ability, moreinefd tests are necessary.
Study Two

Using pre- and post-training tests, the effectsadFitball® exercise program on
performance in eight subjects was documented. Xbecise program focused on improving
dynamic balance and postural stability of senidsevaluate progress-related changes, pre-
and post-tests in a dynamic environment were agpEnter of gravity (COG) excursion,
catch success rate, and balance success rate waréfigd, and synchronized data collection
of 3D motion capture (VICON v8i) and ground reantiorce (2 KISTLER platforms) was
analyzed. During pre- and post-tests, participatdged in a walk-like stance and were asked
to catch a weighted ball, which dropped unexpegtdeiesults showed no significant changes
in balance success rate. Significant improvemestgiound, however, in both COG control

and catch success rate following trainin<Qj05).

Study Three

Falls in the elderly are inevitable so it is neeegdo take precautions. This study
looks at falls in relation to velocity characteigst of various locations on the trunk, and
contrasts them to activities of daily living (ADI 13 individuals. A threshold level was
established to be 2.0m/s, a value that exceedemadlmum resultant velocities for ADL,
but was superseded by all fall activity resultaatoeities. This suggests that a life vest,
which responds similar to a vehicle airbag, maytsated and worn that will deploy past a

threshold of 2.0m/s with the incidence of a fall.
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GENERAL INTRODUCTION

As the medical community progresses and the stdnofaliving among individuals
increase, the likelihood of persons living to tlye &f old-old £85 for women>80 for men)
will also be on the rise (Chappell & Havens, 1980)ith the increased life expectancy
comes a greater population of adults over the &g @nd a high probability of increased
disability in older life. Figure 1.1 shows that life expectancy increases, the amount of

individuals with disability also escalates (Gerdotry Lectures).
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Figure 1.1.Distribution of deaths in females and

their level of disability -comparing 1900 to 1990.



Disabilities are often a result of serious fallstive elderly. Due to sensori-motor
degradation related to age, of people 65 years and older experience at leastfal each
year (Edelberg, 2001). Experiences in the eaykars of life tend to compound, and by the

age of 65 our overall health and way of life afduenced by these changes.

Balance and postural control, or body sway, is anea that is affected by the
previous years of life (Christou, Moss, Boule, Yp&ivans & Rosengren, 2000) and the
general influence of aging. Loss of balance rewmylin a fall can be damaging to the
physical ability as well as the self-confidencetloé older adult. Loss of stability in an
upright stance can have a ripple effect in ingiatifluencing the individual experiencing the

loss as well as family, friends and society.

This severe problem has a significant impact orsquaal health and health-costs in older
adults.As the leading edge of thmby-boom generation crosses into its fiftiedls, and the
increased health care costs associated with thldgm, will become a major problem in our

society.

Postural stability is often taken for granted beeaaf the natural ability of remaining
in equilibrium or an upright stance, but as withythmg “we miss what we don’t have”.
Many systems work together to produce stabilityreodeterioration of one physical system
such as vision may likely start a domino effectstag stability to teeter or fall. Decay of
physical abilities hinders older adults in perfonoa of daily activities. There is a need to
prevent falls and resulting injury in order to atidthe quality of life of the aged, and

decrease the expenditures on preventable disabiliti



1. Ability of Postural Control / Characteristics of Balance

Postural control was defined by Maki and Mcllroy996) as the Central Nervous
System’s (CNS) ability to keep the center of m&9M) positioned properly over the base
of support (BOS) by generating patterns of musdasvigdy for required regulation of
movement. It was also stated that in general,@gnaformation about body-orientation is
also required for postural control. Limb jointg as pivots or links to the system and create

an inverse pendulum with a small BOS and dynampeupody motion.

A feedback loop is the means of maintaining stgbih this unstable stance. This
feedback loop (Figure 1.2), as suggested by Ma&l.€1996) and Downton (1993), requires
aspects of body function to run smoothly and remaicheck. Redundancy of systems
allows one to remain relatively balanced if onetayss input is reduced or removed.
Ageing brings about a reduction of sensitivity 8pacts of input and responses leading to a
decrease in postural control (Downton, 1993). riafation in one of these three systems and

a perturbation occurrence could easily resultfialla

Sensory Input

(Visual, Vestibular etc.) %

Muscular Skeletal

Activity and Linkage Central Processing
(Cerebrum, Brain Stem,

Spinal Cord etc

% @ = Informational Perturbation

= Physiological Perturbations
= Mechanical Perturbations

Figure 1.2.Feedback loop for postural control and

corresponding perturbation classifications.



2. Epidemiology of Falls

Many definitions exist in terms of what a fall iSome classify it as ‘the location of
COM in relation to BOS with no correction’ (Isaad€985) with others suggesting it is
‘unintentionally coming to rest on the ground/fldower level’ (Ory, Schechtman & Miller,
1993). These are just a couple examples of thmiteh of a fall, but in general two
conditions must exist for a fall to occur (Makiadt 1996). First, perturbation acting on the
individual must take place. And second, failurgha posture control system to compensate
for perturbation. At times falls may be an insimdisturbance, but more often are due to

external disturbances. These external perturbsataye classified as either mechanical or

COM BOS
Force =—> ] ?

<= Slip

informational.

Figure 1.3.Two types of mechanical perturbations:
Center of Mass (COM) and Base of Support (BOS).

Mechanical perturbation can take place in two &rm disturbance at the BOS such
as a trip or slip prevents the COM from remainimglignment and therefore results in a fall.
A second disturbance or COM perturbation takesepiacsituations such as a push or other
upper extremity movement (Figure 1.3). These type tof perturbations accounted for 86%

of falls in a study done by Topper and colleagu€9€8). Oft times these perturbations take



place in dynamic circumstances. At least 77% df falls in a residential care setting took
place in situations other than a static positi@ngén, Lundin-Olsson, Nyberg & Gustafson,

2002).

The final cause of falls not obviously related teeaimanical perturbation was
classified as intrinsic factors or incongruences@fhsory information to reality. An example
of this may be a feeling of swaying left when ituadity you are swaying right. This can be
influenced by many factors such as vision incoasisy or lack of proprioception (Petrella,

Lattanzio & Nelson, 1997).
3. Factors Influencing Falls
3.1 Age

With changes in body systems due to advancing yeassnatural to assume that
postural control will be influenced. This assuroptiwas confirmed by numerous
researchers, concluding that the elderly are ldables than young or middle adults
(Hellebrandt & Braun, 1939; Sheldon, 1963; HasselkuShambes, 1975; Shan and Wilde,
2003). The changes that take place so as to decpsstural stability will be labeled the

‘age-effect’.
3.2 Gender

In general it has been found that women sway asel beir balance more than men
(Wolfson, Whipple, Derby, Amerman & Nashner, 199d3ulting in more falls than men
(Alexander, Rivara & Wolf, 1992). A reason fordhwas offered by Downton (1993) when
she stated that the tendency of women to have rawar walking and standing base than

men, due to the configuration of the pelvis, wasigpect for consideration.



Though many studies find that women have pooretupalscontrol, other studies
have found that gender did not affect sway (Cokedgantley, Peaston, Brash, Lewis, &
Wilson, 1994; Bryant, Trew, Bruce, Kuisma & Smi2Q05; Era, Schroll & Ytting, 1996).
This may have been the result of differing testcpdures or manner of analysis.
Posturography tests were done by two conflictinglists, however Wolfson and colleagues
(1994) employed a dynamic balance test proceduppssed to the static approach taken
by Colledge et al (1994). When gender differeneese noted, but normalized to height

(Bryant et al, 2005) or was used as a covariate, (E996), the differences disappeared.
3.3 Musculature

In 1989 Rosenberg coined the term sarcopenia toteeéhe decline of muscle mass
and strength common with healthy ageing. A stuégighed by lannuzzi-Sucich and
colleagues (2002) found that sarcopenia was preval22.6% of 195 females and 26.8% of
142 males ages 64-93. A sub-group of adults a@edn8 older revealed that 31.0% and
52.9%, of females and males respectively, expeegmicis phenomenon suggesting that this
iIs common in adults over age 65 and increasesagéh A loss of muscle mass and strength
is observable in physical function ability and #fere is influential in postural control and

balance ability (de Bruin, 2007).
3.4 Visual System

It is a known fact that vision influences balaabdity. Previous research has looked
at vision to determine the role it plays on balaabgity and fall prevention. Bergland and
Wyller (2004) found that vision impairment was @rsficant predictor for indoor falls.

However, regular physical activity, even if it whegun late in life, improves the use of



vestibular and somatosensory inputs thus decredisengegree of reliance placed on vision

(Buatois, Gauchard, Aubry, Benetos & Perrin, 2007).
4. Overview

In order to address such a broad topic as agidgtannfluence on balance and falls,

this thesis has been divided into three studies:

Study laddressed the influence of age and gender inaelst postural control in a dynamic

environment. As noted, various changes take pla¢ke body. Few studies, if any, have
attempted to use a dynamic platform to quantify ehdracterize the age effect across the
lifeline and observe visual, age and gender chamatts in an attempt to creating a balance

analysis tool.

Study 2was focused towards the improvement of balance.scMlature or fat-free mass
declines with age and past studies have showrbtilahce improves when physical activity
is a part of daily living in the older adult. Thisudy looked at the influence of a specific
activity type aimed at improving core stability ifmprove balance and reaction time in a

dynamic environment.

Study 3addressed the inevitability of fall occurrenceolder adults. Steps can be taken to
advance the tools used for fall prediction or inyerdbalance ability individually, but falls
will always occur. Characteristics of falls wereserved in order to lessen the damage of

impact.



The combination of these studies address:

1) Characteristics of the age-effect in balance,

2) Gender and visual influence on postural control,

3) Improvement of balance ability in dynamic situasdsy way of core-strengthening,

4) Characteristics of falls to prevent injury from iagb of the lower body upon surface

contact resulting from a fall.

With a rate of one in every three individuals exgacing a fall each year after
reaching age 65 (Dargent-Molina & Bréart, 1995j)siimportant to understand why falls
occur and how to prevent them. It was hoped tastilts of these three individual studies
will aide in improving knowledge and practices tigg to aging, postural control and injury

prevention.



STUDY ONE

Influence of Age and Gender in Relation to PosturaControl in a Dynamic

Environment

1. Introduction

Balance is the outcome of various systems workimgsync and contributing to
produce results of an upright stance. Barin (198@)mated that upright posture in bipeds
requires over 700 muscles in a multi-link systermaluding more than 200 degrees of
freedom. Unfortunately, increasing age introduce challenges to balance as individuals
are confronted with diminishing physical abilitisd depleting sensory acuity. Older people
experience muscle weakness, vision impairment amigbimologic changes in body systems,
such as the vestibular and sensory system (Hob&89), which decrease their ability to
perform activities of daily living (ADL). Thus, iis not surprising that falls are common
issues for members of the older age cohort. Egstem could be studied individually to
determine its separate influence on balance alaihtythe aging process, but the fact remains
that aging alone brings a general decline to upstgmnce and balance (Camicioli, Panzer &

Kaye, 1997).

Researchers have devoted immense time and resdaraeslerstanding balance in
older persons, as well as predict older individual® may be more likely to fall. The
common objective has been driven by the hope ofdmenting interventions to decrease
the number of injuries, which are noticed each ye#hin this demographic group
(Boulgarides, McGinty, Willett & Barnes, 2003; SgoVotova, Scanlan & Close, 2007;

Topper, Maki & Holliday, 1993). Previous studies fall prevention and prediction have



utilized various assessment strategies includirgjusography tests (Girardi, Konrad, Amin
& Hughes, 2001) and platforms (Piirtola & Era, 2D06Posturography tests focus on
determining underlying sensory and motor impairmgas well as improving diagnosis
ability and the capacity to treat problems of inalpale and instability (NeuroCom, n.d.).
Platformscan be divided into two categories of static apdagnic, which may or may not
include use of load cells to determine pressuriiligion. Dynamic tests tend to focus on
control strategy in balance loss conditions, wherstatic tests often observe centre of

pressure (COP) displacement in attempts to asakssk.

Questionnaires have also been used as measurall pifediction. These include,
for example, functionamobility assessments (Scott et al., 2007) such as the iTamett
Berg Balance Tools (The Society of General InternaMedicine,
www.sgim.org/TinettiTool.PDF; The Internet Stroke er@er,
http://64.37.123/trials/scales/berg.html) or malttiorial assessment tools (Scott et al.,
2007) such as the Downton Index (Nyberg & Gustgff03). Functional mobility or
multifactorial assessments are designed to raszare individuals as to the likelihood of
experiencing a fall. Here in, the functiomabbility tools focus on physical abilities such as
walking, sitting or bending, where as the multita@l tools are based on the cumulative
effect of known risk factors -such as fall histomyiscle strength, medication usage. Scores
of these tests, based on performance and issuedlitigians’ analysis, reflect the
inclination towards a fall. Throughout these gimstaire based tests, gender and vision

conditions have also been observed to determineitifiktence on balance.

These tests - performance and questionnaire basexioften contradictory in their

suggestions of ‘best-measures’ for fall predictiBrauer, Burns & Galley, 2000).
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Moreover, some tools have been found impracticaltduhe complexities and diversity in
the measurement techniques (Maki, 1993). Developroka reliable instrument, which

will allow for the prediction of falls, is necesgdirst step to assist in reducing falls and
injuries in older persons. Therefore, it was amnany objective to develop and test a

reliable platform for testing dynamic balance parfance.

The Dynamic Balance Testing Platform (DBTP) (FundgdNSERC) was created to
observe an individual's balance performance in madyic environment. Most, if not all
research utilizing platforms have neglected theadyic aspect of balance such that the focus
has been assessing balance in a static environoreot)y allowed motion controlled by the
investigator. The platform’s upper layer movedasponse to the participant’s body sway,
similar to that of the EquiTest system (NeuroCortedmational Inc.). In the case of the
EquiTest, allowance was given to the platform tovenn relation to body sway; however
this was only in the anterioposterior (AP) direntioThe DBTP differed in the fact that it
responded to both AP and mediolateral (ML) moti@suiting in platform changes as
opposed to simply AP movement. The DBTP was cootd with five support points, four
at each corner and one being centered to the piatiwith the task of each participant being
to remain centered on a single-point support. Tthescurrent research utilized the DBTP to

characterize body sway in a more dynamic conditielated closer to fall circumstances.

The comparison of balance ability of various ageugs, as well as gender, will be
observed to show differences and validate the fonality of the DBTP. In the complex
motor control of maintaining upright posture duridgpedal standing, the role of
supraspinal mechanisms is crucial (Era et al, 198@jing brings about a general reduction

in processing speed of the central nervous systehray thus be a factor in poor postural
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stability. Gender influence on stability, on thder hand, is still somewhat up for debate.
Wolfson and colleagues (1994) suggest females lemgestability, but Era and colleagues
(1996) suggested that better performance of womeegard to balance tests may be due to
anthropometric factors. Other research statdssthay was not affected by gender at any
age (Colledge et al, 1994). Balance ability ofregender will be looked at in this study to

assist in determining if differences exist amondewand females.
The current research attempted to answer the follpguestions:

1) Are there differences in center of gravity excunsf@OGex) in the anterioposterior

(AP) mediolateral (ML) and vertical (V) directiodgepending on people’s age?

2) Are there differences in balance response data (Bf@Dration of balance (DurB)
and platform motion (PM)) depending on people’sage

3) Are there differences in COGex (AP, ML, V) depemdin people’s gender?

4) Are there differences in BRD (DurB & PM) dependamgpeople’s gender?

It is thought that as the age increases the COGkxasvwell. By looking at the BRD
perhaps the same inferences can be drawn withitiaing the COGex, thus creating a new way to
observe balance ability in age or gender. Thessstopns will be looked at to determine the
feasibility of using the DBTP to establish balamtiferences as a factor of age or gender. The
DBTP’s sensitivity to gender and age may qualifgsta new tool for quantifying balance ability

resulting in steps towards fall prevention.
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2. Method
2.1 Structure and Principles of the DBTP

The first step to acquiring data was the constonctif the DBTP. The base of the platform
was a 3/16 of an inch sheet of steel measuring 8@8M5 inche§ with the perturbation layer
made of a 3/8 steel sheet measuring 60@8.5 inche§. The perturbation layer of the platform
was designed to supply vertical oscillating movettapending on the position of subject’'s COG,
in order toobserve an individual’'s motor control responseh®dscillation. The perturbation and
base layers were joined together by a center fligure 2.1) allowing 2D oscillation of the upper
layer around the pivot. This facilitated a maximuentical movement of £2.5 cm (1 inch) at each

cornetr

Figure 2.1.U-joint connector Figure 2.2.Linear Actuator Figure 2.3. Air Cylinder

Three linear actuators (Firgelli Automations) weised (Figure 2.2) in order to stabilize
the platform for the mounting and dismounting ofrtiggpants. Each actuator had a 150Ib
push/pull force with a 5 cm (2 inch) stroke, anéegp of 1.27cm (0.5 inches) per second, which
was powered by 12vdc nominal voltage. Two of threghactuators were placed at the front of the
platform where the participants mounted the pedtiob layer, giving it extra stability, with the
third placement at the back. An air cylinder (Banklanufacturing, Figure 2.3) was located at

each corner of the perturbation layer. The peditiob layer was placed at a height that permitted
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the air cylinders to only reach a height of 2.5dmnch) of their maximum stroke volume at the
neutral stage, with the aim of allowingange of motion (ROM) to be £2.5cm (1 inch) in tela

to the movement of the participant. The 250psikcgiinders had a rear flange, for attachment to
the platform base, and single-rod stroke of 6.35@%® inches). Once in contact with the
perturbation layer, the air cylinder's rod was &c distance from the edges (Figure 2.4),
sustaining the motion range for each corner at §nmches). Two 12-volt batteries drove the

actuators and air cylinders.

| BaseLayer

D D Perturbation Layer

o o Actustor

Control Conter Pivat
B t } enter Piv

2.5cm from edges
o @

- Ajr Cylincer

Air Cylinder Connections

Air Compressar

Figure 2.4.Layout of perturbation platform

Figure 2.5 depicts the platform from various angl€Bhe air compressor used to
pressure the air cylinders, ran at 3,900rpm (rei@is per minute). It had an oilless direct
drive single-stage pump head with a maximum psufps per square inch) of 100 and a
peak power of 1/3hp (horse power). The air pressetting was adjusted in relation to the

participant’s weight (Appendix VIII).
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Figure 2.5. Depictions of DBTP (from left to right: view oight side, left side & back).

2.2 Subjects

The subjects represented three age cohorts, yo(h@e9), middle-aged (30-59) and
older £60), for both male and female. Student subject® wecruited from the community
as well as the student population enrolled in ani&ichanics class at the University of
Lethbridge. The 20 malesd 27 females had a mean age (standard deviafi@3)3 (£2.5)
and 22.3 (£1.9) years respectively. Middle-agedigpants (23 males and 21 females) were
contacted by way of church and local community orgaions in the Lethbridge area.
Seniors (19 males and 27 females) were also redrfiibom these organizations, as well as
through the seniors’ centres and lodges in the afé& mean ages for middle age males and
females were 40.7 (x10.1) and 42.9 (x10.3) respelgti The mean age for male senior

participants was 74.4 (£7.5) and females’ mean/age (+8.2).

To qualify as prospective subjects, individuals tathe able to stand unaided for 90
seconds, walk 10 meters and be able to understarmhlvinstructions (Maki, Holliday &
Topper, 1994). These abilities were prerequigiias to the nature of the platform and test

procedure. All subjects in the study were infornoédhe testing procedures and signed an
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informed consent form (See Appendix | — ConsentnF@ample) for their voluntary

participation.

The test protocol was approved by the Human Subjeesearch Committee of the
University of Lethbridge in view of the criteriaofn the Tri-Council Policy Statement:
Ethical Conduct for Research Involving Humans, fritve Natural Sciences & Engineering

Research Council.

2.3 Test Procedure

Each subject was measured for body weight and daowvidth prior to testing in
order to promote standardization of the test promed The body weight was used to
establish the air pressure required for the DBTEh whoulder width acting as the foot
location upon the platform. Participants were tirdormed of the platform characteristics
once the stabilizers (actuators) were lowered. yTMere instructed that they were to keep
the platform in a neutral position upon removaltle# stabilization. The participants had to
adjust their center of gravity (COG), to preverd tierturbation layer from resting on any of

the four corners.

The participants were asked to stand with armsheyr sside, legs straight and eyes
forward during the tests. The pressure in thecglinders was adjusted to the participants
body weight (APPENDIX VI: Pressure Table (PSl))oprto removal of perturbation layer
stabilization. Subjects were asked to stand wattt fat shoulder width and in a diagonal

position relative to the edges of the platform (ffeg2.6). It was thought that this pose
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would increase sensitivity of AP swing, which matie dynamic balancing control more

challenging.

Figure 2.6.Participant in position upon perturbation platform

The subjects were allowed to warm-up on the platfexecuting two pre-test trials.
This was considered adequate in reducing the indeef learning through the experiment.
Such warm-up trials allowed for a consistent psg-gtate and would increase the validity of
the study (Shan & Wilde, 2002). Immediately foliagg warm-up, four tests were
completed, with the first two tests being executéith an eyes open (EO) condition and the
second set with eyes closed (EC). Tests began (o allow participants to feel more
comfortable on the platform prior to removal ofigis Each test lasted 20 seconds (See
APPENDIX II: Protocol for — Platform). Air pressuwas checked between the EO and EC
tests to assure keeping of test standards. Eathipant was given the option of wearing a
harness (Figure 2.7) for safety; spotters (indimldyplaced around the platform) were also
used for those not wanting to utilize the harnegs.majority of the participants (98%)

preferred spotters over the harness.
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Figure 2.7.0ptional safety harness used by participants

Anthropometrical data including the thicknessha tarpometacarpal joint, ulnar side
of the radiocarpal joint, and medial to lateralogpidyle of the humerus were measured with
calipers for each participant. Measurements oflélgdength, from the greater trochanter to
the bottom of the foot, as well as foot thicknessthee tarsometatarsal joint were also
recorded for future use with kinematic calculation¥his was recorded and utilized for

reconstructing the 3D model and calculation of C&@ursion.
2.4 3D Motion Capture and Biomechanical Modeling

In order to quantitatively determine the COG eximurgluring the dynamic balancing
test, 3D motion capture was used. Specificallyyelve-camera VICON v8i motion capture
system (Oxford Metrics Ltd., Oxford, England) gatite kinematic data from the subjects.
Capture occurred at a rate of 120 frames/second thié VICON software (Science &
Engineering Software Suite, 2002) triangulatingifpmss of each marker and rendering them
to a three-dimensional computer space. Calibratsiduals were determined in accordance

with VICON's guidelines and yielded positional datscurate within 1.5 mm.

During data collection, subjects wore a comfortablack garment made of stretchable

material, which covered the upper and lower bodifixed to the garment were 42 reflective
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markers (See APPENDIX V: Anatomical Locations folafder Placement), each with a
diameter of 25 mm. The markers reflect infrargghtlito the cameras positioned around the

subject.

From these 42 markers, a full body biomechanicalehwith 15 segments was built
to determine COG excursion. The model worked asova: from motion capture,
anatomical positions were established, which tHknvad the construction of a 15-segment
full-body model. Using the fundamental preceptspbysics, simple positional data were
translated into the movement of the multiple-segnmadel, which was easily facilitated
with usage of the Vicon system. In such individzed biomechanical modeling, the inertial
characteristics of the body were established usinthropometric regression equations
determined by Shan and Bohn (2002). The fifteegm@mts were head and neck, upper
trunk, lower trunk, two upper arms, two lower arrivgp hands, two thighs, two shanks and

two feet.

2.5 Analytic Procedures

2.5a Definition of variable. Analysis of variance (ANOVA) and two-tailed t-tests
determined the differences between the dependeiables (centre of gravity and balance
response data) in relation to the independent bigsa(age, gender and visual condition).
Analysis of the data took five parameters into acto Dependent variables were centre of
gravity excursion (COGex) in the AP, ML and V diieas; and balance response data
(BRD) such as duration of balance ability (DurBf aquantification of normalized platform

movement (PM) (See Figure 2.8). This was a 3X2{feated measures test.
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Independent Variables Dependent Variables

A N A N
/— —\ AP (mm)
Age Gender Visual condition
coG » ML (mm)
Young Male » Eyes Open \ vV (mm)
Middle age Duration (s)
Balance (’
Response Data
Older Female Eyes Closed i Platform
Movement (mm)/s)

Figure 2.8.Detailed breakdown of in/dependent variables agh ranging from 18 to 87.

X=anterior-posterior, Y=medial-lateral, Z=verti@itection, mm=millimeters, s= seconds

Center of gravity excursion was regarded as thgeaf motion (ROM) travelled by
the subjects in each of the three directions. OO@eeach trial utilized the time frame in
which subjects were able to remain balanced upersiihgle-point support (or duration of
balance ability -DurB). Therefore, the DurB wadimed as the maximum length of time the
subject was able to remain on the platform withtbetperturbation layer reaching minimum
stroke length at any of the four corners (i.e.ingsbn a corner resulting in two or more
points of support). Subjects’ trial data were asgable if they were unable to balance on the
center support. The platform movement (PM) wasnéefas the sum of distance travelled
by the four platform corners during the longestabak performance in each 20-second trial
(DurB). This distance was then divided by the léngft balance time (seconds) on a single-
point support for each trial. This resulted inaaiable which considered the sum of distance
travelled by all corners (mm) per second. An exang this would be Subject A balancing
on a single-point support for 12seconds of the ésd trial. Corners one, two, three and

four travelled 32mm, 69mm, 49mm, and 73mm respelstifor a total of 223mm travelled
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during the 12 second period. Normalization of ¢hessults entailed dividing the distance

travelled (223mm) by the duration of balance (12$mcan average of 18.58mm/sec.

Each subject underwent two trials for each viswaldition Eyes Open/Eyes Closed
(EO/EC). The completion of two tests was requii@deach visual condition, which were
averaged to provide a mean score per conditiomalsTin which the subject was unable to
remain on a single point-of-support for both trialsre not used in analysis, as the data was
invalid. Thirteen participants in the eyes closeddition and 3 participants in the eyes open
condition failed at both trials. Data was not tfansied for skewness or kurtosis to maintain

the meaningfulness of the results.

2.5b Analysis of question 1: are there differenoeSOG depending on people’s age?

A one-way analysis of variance (ANOVA) was condddie examine the differences among
the three age groups (young, middle, old) for tbec@me measures of COGex in the AP,
ML and V directions for a total of six tests in twsual conditions (i.e. young, middle age
and old inEO condition forX). Variables manifesting differences between agmimgs

underwent post hoc tests by way of two-tailed tstde determine where the differences

were.

2.5c Analysis of question 2: are there differenodsalance response data (BRD) depending
on people’s age?A one-way analysis of variance (ANOVA) was conddcte examine the

difference between three age cohorts (young, mjddt® in the DurB and PM parameters
for a total of four tests in two visual condition€onditions showing significant differences

underwent post hoc tests.
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2.5d Analysis of question 3: are there differenoeSOG depending on people’s gend&iR
two-tailed independent samplesests were conducted to examine the differencesden
males and females for the outcome measures of CQGewe AP, ML and V directions in

two visual conditions.

2.5e Analysis of question 4: are there differenodsalance response data (BRD) depending
on people’s genderFourtwo-tailed independent sampletests were conducted to examine
the differences between males and females forulmme measures of DurB and PM in two

visual conditions (i.e. young, middle age and ol&©O condition forDurB).

Due to the large amount of tests for each of the fuestions, Bonferroni corrections

were also made to reduce the chance of type ooeserr

3. Results

3.1 Question 1: Are there differences in COGepethding on people’s age?

Table 2.1 and Table 2.2 show the means and stadéardtions of the movements in
COGex (X3) with eyes open and eyes closed. Frandtscriptive statistics, in the EO
condition there is less movement in the AP and Niedlions for all three age groups in
comparison to the EC results. The V direction, &osv, shows less motion in the EC
condition (Tables 2.1 and 2.2) as opposed to EDalfogroups. In comparing age groups,
the young participants had the greatest movemetiterAP in both visual conditions. The
middle age group had the least amount of motiorthm V direction for both visual
conditions. Also, in both visual conditions theras, in general, a larger degree of motion in

the AP direction followed by ML and V movement resgively.
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Table 2.1Means (M) and Standard Deviations (StDev) compatfimge age groups’

COG excursion (in millimeters) with eyes open.

Eyes Open
Anteroposterior (AP) Mediolateral (ML) Vertical (V)

Age Group n M (mm) StDev  M{mm) StDev M({mm) 5tDev
Young 45 47.98 16.50 27.02 9.83 7.59 5.56
Middle age 38 47.21 19.32 30.06 17.25 6.35 3.07
Qlder 43 44 35 20.96 25.73 13.70 7.02 4.82

Table 2.2Means (M) and Standard Deviations (StDev) compatfimge age groups’
COG excursion (in millimeters) with eyes closed.

Eyes Closed
Anteroposterior (AP) Mediolateral (ML) Vertical (V)
Age Group n M {mm) StDev  M{mm) StDev M{[mm) 5tDev
Young 43 53.75 20.13 30.15 12.07 6.56 3.55
Middle age 37 49.21 19.59 31.57 17.18 6.00 3.63
Older 36 53.40 23.15 31.37 14.03 6.83 5.24

The ANOVA did not reveal significant results, p>b.0for any of the three age
groups in either the EO fFe0=0.44, p=0.645; fn/e0=1.06, p=0.351; ¥e0=0.74, p=0.482)
or the EC (&pec=0.55, p=0.576; fnec=0.11, p=0.892; ¥ec=0.39, p=0.682) condition
(See Tables 2.3 and 2.4). The p-values were aditgrehan the set alpha of 0.05 in each of

the six tests indicating no difference in the AR, &hd V directions in relation to age.
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Table 2.3 ANOVA test for anteroposterior (AP), mediolatefdlL( and vertical (V) excursion in eyes

open condition. df =degree of freedom, SS =suBgofares, MS =mean squares

Eyes Open
Anteroposterior (AP) Mediolateral (ML) Vertical (V)

Age Group df 55 S F p 55 MS F 3 55 S F p
Between Groups 2 316.47 158.23 0.44 0.645 359491 19746 1.06 0.351 32.07 1l6.04 0.74 0.482
Within Groups 123 44238.17 359.66 22973.00 186.78 2084.09 21.82
Total 125 44554.63 23368.52 2716.16

Table 2.4 ANOVA test for anteroposterior (AP), mediolatefdlL( and vertical (V) excursion in eyes

closed condition. df =degree of freedom, SS =sti8goares, MS =mean squares

Eyes Closed
Anteroposterior (AP) Mediolateral { ML) Vertical (V)

Age Group df S5 MS F p S5 MS F B 55 S F p
Between Groups 2 486.05 243.03 0.55 0.576 47.64 23,82 0.11 0.8%2 13.37 6.69 0.39 0.682
Within Groups 113 49591.33 438.36 23636.18 209.17 1963.69 17.38
Total 115 50077.39 23683.82 1977.06

3.2 Question 2: Are there differences in balaresponse data (BRD)

depending on people’s age?

Tables 2.5 and 2.6 show the means and standarchtidena of the platform
characteristics in relation to DurB and PM for epgen and closed. From the descriptive
statistics, it was observed that as age increalsedength of balancing time tended to
decrease in both EO and EC conditions (Table 2.2.®. Platform motion, however,
increased as the age increased which might suggas extreme movement per second in
the older age individuals. Also, the descriptitatistics showed a decrease from EO to EC
in the DurB means and standard deviations condifit\® PM, however, increased in these

calculations (Table 2.6).
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Table 2.5Means (M) and Standard Deviations (StDev) compatfimge age groups’
Duration of Balance (DurB) and Platform Motion (PMjth Eyes Open

Eyes Open
Duration of Balance (DurB)  Platform Motion (PM)
Age Group n M [sec) St Dev M (mm/sec) St Dev
Young 46 16.20 3.89 15.67 1.47
Middle age 37 15.54 6.24 25.09 22.05
Qlder 43 10.23 6.76 20.11 18.47

Table 2.6 Means (M) and Standard Deviations (StDev) compatfimge age groups
Duration of Balance (DurB) and Platform MotionNIP with Eyes Closed

Eyes Closed
Duration of Balance {(DurB)  Platform Motion {PM])
Age Group n M (sec) St Dev M (mm/sec) 5t Dev
Young 43 12.66 6.57 30.23 20.92
Middle age 37 11.77 7.67 33.88 29.20
Older 34 8.62 7.43 35.53 25.93

The ANOVA results represented in Table 2.7 reveaedtatistically significant
difference among the three age groups in the Editon for both DurB (F=12.77, p=0.000)

and PM (F=7.55, p=0.001). This suggests that tleeeesignificant difference in the DurB

and PM based on different age groups in the EOitond
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Table 2.7 ANOVA test results for Duration of Balance (DurBydaPlatform Motion (PM) in

eyes open condition. df =degree of freedom, $B= Squares, MS =mean squares

Eyes Open
Duration of Balance {DurB) Platform Motion (PM)

Age Group df S5 MS F ] S5 S F p
Between Groups 2 829.89 414,94 12,77 0.000 4206.31 2103.15 7.55 0.001
Within Groups 123 3997.60 32.50 34004.01 278.72
Total 125 482748 38210.31

The EC condition also revealed a significant défere in the DurB, F=3.186, p=0.045
(Table 2.8). This result reveals that significdifterences in the DurB existed between the

different age groups for the EC condition.

Table 2.8 ANOVA test results for Duration of Balance (DurBydaPlatform Motion (PM) in

eyes closed condition. df =degree of freedonx<s® of Squares, MS =mean squares

Eyes Closed
Duration of Balance {DurB) Platform Motion (PM)

Age Group df 55 MS F o 55 MS F p
Between Groups 2 329.84 164.92 3.19 0.045 625.12 31256 0.49 0.617
Within Groups 111 5746.50 51.77 714,29 644.06
Total 113 o6076.34 72115.41

Post hoc tests were completed to determine wherdifferences lie within the three
age groups in relation to DurB and PM in the EOdition as well as the DurB with EC.
With the assumption of equal variances being vealaa Games-Howell test for DurB with
EO (Figure 2.9) was used (Morgan, Leech, Gloeck&eBarett, 2004). This showed
significant differences in the DurB between the diedage and older individuals (p=0.011)
as well as the young and older (p=0.000) in theda@dition. This suggests that the young
and middle age individuals were both able to baasignificantly longer than the older

adults.
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P-Values

Young vs. Middle Age - 0.340
Middle Aged vs. Older - 0.011
Older vs. Young -0.000
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Test = Games-Howell
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Figure 2.9.Mean duration with Eyes Open (EO) of each agemrou

A second Games-Howell post hoc test was conductedext for significant
differences between the different age groups inPleEO condition (Figure 2.10). Results
suggested that there were balance differences betwlee young and older age group
(p=0.000) as well as the young and middle age (). It can be presumed that younger
participants initiated significantly less motion tine DBTP than the middle age and older
subjects. No difference in PM was noted betweenrthddle age and older participants

(p=0.659).
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P-Values
Young vs. Middle Age - 0.044
Middle Age vs. Older -0.659
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Figure 2.10.Mean normalized duration with eyes open (EO) achesge group.

A Tukey post-hoc test was performed for the finastphoc test with the assumption
of equal variances being accepted (Morgan et @042 The results of DurB data in the EC
condition (Figure 2.11) showed a significant diiece between only the young and old

individuals (p=0.042).

P-Value

Young vs. Middle Age - 0.846
Middle Age vs. Older -0.161
Older vs. Young -0.042

13+

Test = Tukey

Mean of Mean Duration_EC (sec)

T T T
young middle aged older

Figure 2.11 Mean duration with eyes closed (EC) of each agamr
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Due to the number of post-hoc comparisons, Bonfeicorrections were made to the
p-value representing significant difference (p<(.03he corrected p-value = 0.00555 was
given as the significance level to control for typee errors. This resulted in two, as opposed

to five, variables which showed significant diffece. These differences were between

young and older participants in DurB as well as iRhe EO condition.
3.3 Question 3: Are there differences in Cd@¥pending on people’s gender?

The gender comparison by means of two-tailed indepett-tests shows that males
had a higher COG excursion than females in bothavisonditions (Tables 2.9 and 2.10).
As the visual condition changed from eyes openlésed, body sway increased for both

genders. The largest distance travelled in bsthal conditions, for males and females, was

in the AP direction followed by the ML and V direts respectively.

Table 2.9Means (M) and Standard Deviations (StDev) comparing
gender COG excursion (in millimeters) with eyesmope

Eyes Open
Anteroposterior (AP) Mediolateral (ML) Vertical (V)
Gender n M (mim) StDev  M{mm) StDev M({mm) 5tDev
Male 56 49.08 18.88 28.71 11.45 8.47 5.89
Female 64 44.45 159.50 26.52 15.23 5.94 3.77

Table 2.10Means (M) and Standard Deviations (StDev) comparing

gender COG excursion (in millimeters) with eyeseth

Eyes Closed
Anteroposterior (AP) Mediolateral (ML) Vertical (V)
Gender n M (mm) StDev M {mm) 5tDev M{mm) 5tDev
Male 51 55.19 21.16 32.77 13.91 7.33 4.81
Female 39 45.84 20.49 29.58 14.64 5.79 3.43
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The t-tests for the gender comparisons in the EO cawdifFigure 2.12) were
statistically significant only in the V directiaif77)= -3.021,p = .003 (two-tailed, unequal
variance assumed). Results suggest that diffeseexisted between males and females in

terms of their vertical direction movement with sysen.
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Figure 2.12.Comparison of COG excursion with standard dewuntiior male

and female subjects in three directions in the E}esn (EO) condition.

AP-Anterioposterior, ML-Mediolateral, V-Verticat* =p<0.01

The EC comparison between genders (Figure 2.13yskonilar results. Again the
t-tests were only statistically significant in thed¥ection,t(114) = -2.010p = .047 (two-
tailed, equal variance assumed), indicating thahenEC condition males move more in the
vertical direction than females. Bonferroni coti@es were calculated for these t-test to
determine a more appropriate significance leveldoount for type one errors. The resulting

significance number (p<0.00833) suggested thaemiffces were only noteworthy in the V

direction with EO.
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and female subjects in three directions with Eyiesé€l (EC) condition.

AP-Anterioposterior, ML-Mediolateral, V-Verticak=p<0.05

3.4 Question 4:

The evaluation of the gender effect on BRD by meansvo-tailed independerit
tests revealed significant differences in balaneation between males and females in both
visual conditions (Tables 2.11 and 2.12). The tlerggth of balancing decreased for both
genders when eyes were closed. Results showedtr@sanales had the largest PM, or
distance travelled by the corners of the platfoen gecond, in both visual conditions. This
may lead to a conclusion that a greater amountatfom results in reduced balance ability as

seen in the male calculations. Platform motiorreased for both genders when sight was

removed.

Are there differences irebak response data (BRD)
depending on people’s gender?
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Table 2.11Means (M) and Standard Deviations (StDev) compagiegder
Duration of Balance (DurB) and Platform Motion (PMjth Eyes Open.

Eyes Open
Duration of Balance (DurB) Platform Motion (PM)
Gender n M (sec) St Dev M (mm/sec) St Dev
Male 56 12.32 5.86 25.38 15.33
Female 64 14.72 6.32 21.15 18.97

Table 2.12Means (M) and Standard Deviations (StDev) compagiegder
Duration of Balance (DurB) and Platform Motion (PMjth Eyes Closed.

Eyes Closed
Duration of Balance (DurB)  Platform Motion {PM)
Gender n M (sec) St Dev M (mm/sec) St Dev
Male 3l 8.17 6.23 41.90 25.41
Female 35 13.43 7.34 26.15 23.11

The independent-test for BRD and gender was statistically sigaifit; t(124)=
2.184,p = .031 (two-tailedt-test, equal variances assumed), indicating thatlesnhad a
significantly higher ability to balanda the EO condition than the males (Figure 2.14Yhe
EC condition, the ability of females to balance den than males was also statistically

significant,t(112)= 4.034p = .000 (two-tailed-test, equal variances assumed).
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Figure 2.14 Duration of Balance in the Eyes Open (EO) and Eyes

Closed (EC) conditions comparing males and femaiep<0.05,** =p<0.01

No statistically significant differences were foubetween the males and females in
the EO condition in relation to PM (Figure 2.1§),23)=-1.341, p = .182 (two-tailed, equal
variances assumed). The finalest showed a statistically significant differeroetween
males and females in the EC condititii12)= -3.452p = .001 (two-tailed, equal variance
assumed), indicating that males had a higher PMevtdan did the females in this condition.
Bonferroni corrections in this data set again sstggea p-value of 0.00833, thus cancelling

out significant differences in the EO condition fourB.
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4. Discussion
4.1 Use of platforms and measurements to deterdifference in stability

The initial stage of the research was to creatéatiopm that would respond to AP
and ML sway of the subjects, without investigatatervention, in order to produce a
dynamic environment requiring balance ability. Makd Mcllroy (1996) stated that 54% of
the falls experienced by residents of a self-caadity, during a one year monitoring period,
were due to base of support (BOS) perturbationstsdies related to this aspect would

improve fundamental knowledge.

Previous studies have utilized perturbations tdudis BOS. These have used
numerous approaches and objectives such as invekapgping motions for observation of
the response strategy (Mcllroy & Maki, 1996), detere body segmental movements of
head, trunk, thigh, shank and foot in responsénéomotion (Wu, 1997), and other control
strategies (Nardone, Grasso, Tarantola, Corna &iefphti, 2000; Shimada, Obuchi,
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Kamide, Shiba, Okamoto & Kakurai, 2003). Thesealigtsl employed only platforms that

move anteroposteriorly, lacking exploration of timpact of ML BOS motion.

Two studies were found which related to platformtiooin the ML direction. Kim
& Robinson (2005) used the Sliding Linear Invediiga Platform for Analyzing Lower
Limb Stability (SLIP-FALLS), to investigate eithekP or ML direction, in response to
investigator initiated perturbation. The focus wa®xplore control strategy during balance
loss among diabetic and non-diabetic seniors. Fheond study employed small
pseudorandom platform motions to perturb balancéhen mediolateral direction (Maki,
Holliday & Topper, 1994). Results of this test mouthat control of lateral stability had the
most pronounced differences and was the singlegesictor for future falling risk. Maki
and colleagues conclude by stating that latersllgiamay be an important area of study for

fall-prevention intervention.

4.2 Question 1: Age differences in COGex

The primary interest was the exploration of agded#inces in COGex, under two
visual conditions (EO and EC). Past research hawns centre of pressure (COP) to vary
across age groups (Cohen, Heaton, Congdon & Jerli@86; Shimada et al., 2003), but few
have looked at the characteristics of COG. Previ@msearch, which did analyze COGex,
used the factor of total path length and found gm effect such that as age increased so did
path length (Colledge, Cantley, Peaston, Brash,id &WVilson, 1994). In the current study,
no significant differences in COGex during the $ngoint support were found for the age
groups. This result may be due to the limited eanf motion of £2.5cm at the platform

corners.
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The current research results did not confirm pnevicesearch findings relating to
COGex. This may have also been due to the numib@msuccessful performances” that
were experienced in each age group. A trial thaived no balance ability, such that no
length of time was spent on a single-point suppeas designated as unsuccessful. Table
2.13 shows the number of futile attempts (out af trials per subject) that were experienced
demonstrating the dramatic difference between cetagltrials among age groups. This
may account for the lack of difference between ypumiddle-aged and older subjects in
COGex. In order to remain stable, it required ade ability that was likely shared among

those that were able to balance on the platform.

Table 2.13Fail grades given in each cohort.

Fail Grades/Total Trial Percentages
Eyes Open Eyes Closed EyesOpen Eyes Closed
Y¥oung Females 00/56 05/56 0.00% 8.90%
Young Males 00,42 06/42 0.00% 14.30%
Middle age Females 00/33 03/33 0.00% 9.10%
Middle age Males 02/39 00,35 5.10% 0.00%
Older Females 06,55 20/55 10.90% 36.40%
Older Males 07/36 13/35 19.40% 37.10%

Visual differences suggested that in the eyes dlosendition, all age groups
increased their body sway in the anteroposteridrraadiolateral directions. However in the
vertical direction, the eyes closed condition hag@duced COGex (Tables 2.1 & 2.2). This
may suggest that compensation strategies of thecipants utilize direction change in the
horizontal plane when they have an inability to sgght, while neglecting or minimizing
their vertical changes. This supports previousaesg in that vision is an important aspect

of balance ability (Hobeika, 1999).
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4.3 Question 2: Age differences in balance respatata

The DBTP was able to move in both AP and ML dii@tsi in relation to body sway
of an individual. The fact that it was created#&subject induced as opposed to investigator
controlled motion may show to be important. Thiesynbe a good future tool for clinical fall-
screening application due to the ability of the DBTo amplify lateral as well as AP
instability directed by the subject, as Maki et(@994) and Rogers and Mille (2003) state.
The platform amplified dynamic balance ability glation to body sway of the participants

and demonstrated differences in balance abilitwbeh age groups as well as gender.

Results related to duration of balance upon thepameat support showed that in all
instances the young were able to balance longerlibth middle aged and older individuals.
There was significant difference in DurB betweea yloung and old as well as the middle
age and old in the eyes open condition (Figure &.2.11). Interestingly, significant
differences in the eyes closed condition were dolynd between the young and old.
Perhaps this shows that middle age individualsrathe process of proprioception loss and
therefore have a more difficult time balancing thia@ younger cohort. Vision for the middle

age and older individuals are therefore more necg$ban for the younger generations.

4.4 Question 3: gender differences in COGex

Previous studies are inconclusive regarding thtuente of gender. Some have
found females to have less stability (Wolfson, Witgp Derby, Amerman & Nashner, 1994).
These differences, however, were negligible whesulte used body height as a covariate
(Era, Schroll, Ytting, Gause-Nilsson, Heikkinen &8&n, 1996). Other research states that
sway was not affected by gender at any age (Cddleti@l, 1994). This may have been due

to the diversity of tests procedures.
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Though the vertical direction was the only comparisvith significant difference
between genders, all three directions showed #raales had a smaller COGex. Perhaps

this would have shown negligible when using bodglhieas a covariate.

The only differences found in relation to COGeour study were in the V motion in
both the EO and EC conditions. No other locatsgaech has used or discussed the vertical
motion as a parameter. Though this shows differdnetween male and female, height
change would likely be manifest due to balancerobstrategies (i.e. using ankle versus hip
to correct for disturbance of BOS), as opposed dtarice ability. This parameter was

thought to be of limited importance.

Again, as the visual condition changed from eyesndp eyes closed, an increase in COGex

was noticed for both gender categories.
4.5 Question 4: Gender differences in balanceoese data
As with age, the largest differences between gengere found in BRD.
4.6 Summary

A pattern was noticed in three of the question&ilts. 1) Age differences between
BRD found that DurB increased with age in both &lstonditions the, resulting in a higher
PM score as age increased. 2) Gender differeretesebn COGex found that males covered
the most distance in both visual conditions whemgared to females. 3) Gender differences
between BRD showed that females balanced longethaddower PM than males, in both

visual conditions.
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4.7 Limitations

Limitations could be divided in to three areas: BB investigator and analysis. The
DBTP created motion in the vertical as opposedéottansverse plane. Many investigators
of elderly fall prevention would look unfavorablean this since falls tend to occur in a slip
or trip fashion. Therefore it could be argued ttiegt data collected is limited in applicable
knowledge. A second factor that didn’t work acaogdto plan was the use of air cylinders.
The perturbation layer of the DBTP was expectedmntove in a fluid motion and be
responsive to sight changes in COG. Instead, adfeet functionality of the air cylinders the

fluidity was lost.

The main challenge presented on behalf of thestiyator was the lack of subject
screening. A very general qualification was acedpthen allowing participation. This may
have skewed the results since many older indivgluge medication or are challenged by
other factors that healthy youth are not limited Besults may have been different had the
populations selected been more particular to chtfusenore active, healthy individuals as

the initial population of each cohort.

Finally, the analysis of results could also bepdied. Majority of previous research
used COG to determine balance ability, which is #mgle of approach here. The
characteristics of the DBTP may suggest a diffeagproach to analysis such as the number
of times that the participant changes directionrugiee platform, or observing the COGex
throughout the entire 20 seconds as opposed ttintited time that the participants were
able to balance. With the new tool come unchantatrs to be mapped out over subsequent

projects.
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4.8 Future research

The focus of the current research was to developwel approach to quantifying
balance ability by way of COGex and BRD. The MValea used were effective in suggesting
that the platform has potential in adding new ust#erding to the challenge of fall prediction
and prevention in the elderly, but further reseanay have to look at other variables such as
speed and acceleration of COGex and/or the platfocormers as well as the correlation
between age and platform motion. It may also beefeial to look at the number of times
body sway direction change takes place for eaclesub Young subjects tend to change
directions more frequently and cover larger distati@an seniors when comparing body sway
characteristics (Shan & Wilde, 2002). Behavior@impensation strategies, such as
emphasizing hip versus knee, would also be a fuasfgect to study to see response to

balance loss in each age group (Wu, 1997).

5. Conclusion

A new platform, the DBTP, was constructed to déscindividuals’ balance ability
while facilitating AP and ML motion. The equipmemas used with three age cohorts, men
and women, under two visual conditions. Differenae COGex were not found in any
circumstance except in the vertical motion betweeales and females in one visual
condition following Bonferroni corrections. The DB characteristics (DurB and PM) in
relation to body sway were the best determinantafye differences and in showing gender
variability. It was determined that females tendoe able to balance longer than males in
both visual conditions. Age cohort related tesuhes showed that older individuals are less
able to stabilize themselves in a dynamic conditibtmorder to consider the DBTP as a new
tool for determination of balance ability, moreinef tests are necessary.
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STUDY TWO

Senior Balance: Exercise Influence on Motor ControResponse in a Dynamic
Environment

1. Introduction

Age related sensori-motor degradation in the husystem makes daily living more
challenging for seniors when they are requiredetact to external dynamics (ED) due to
situational surroundings. Previous studies hawewshthat aging is associated with an
increased reaction time (Haier, Jung, Yeo, HeadlKird, 2005; Melzer & Oddsson, 2004)
as well as decreased lateral balance abilitiesléMilohnson, Martinez & Rogers, 2005),
which may be attributed to a loss of lean body m@®thro & Rosenbloom, 1995).
Reasons for increased falling susceptibility in #ged include sudden obstacles, material
defects, and unintentional contacts by surroundmtyviduals; all of which require quick
reaction of the sensori-motor system (Kallin, Jengelsson, Nyberg & Gustafson, 2004).
These external factors, coupled with the degradaifdalance dysfunction, reflect a decline
in motor abilities and act as a known trigger disfand injury (Rogers, Hedman, Johnson,
Cain & Hanke, 2001). To minimize the deleteriouet; elderly individuals should attempt
to improve or, at least, prevent the decline inrtheaction abilities and balance stability to

avoid a fall from taking place.

To reduce falls and injuries, Campbell et al. ()9@&ported that a personal exercise
program was effective in retaining strength andabed. They demonstrated that, when
compared against the non-exercising control grdlug,mean rate of falls decreased for the
individuals undergoing exercises. Rooks et al9{)%lso showed that exercising has a

positive effect on slowing sensory-motor degradatielated to age, suggesting that motor
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control is better retained in physical activity fi@pants. Self-paced resistance training as
well as walking exercises in community dwelling eldadults were able to make
improvements on tandem stance balance ability dsaseother neuromotor performances
and functional capacity. The importance of exercis further supported by studies
identifying that improvements are also seen in ehagth a history of falling (Shumway-
Cook, Gruber & Baldwin, 1997) as well as individuatho began participating in physical
activity following retirement (Buatos et al., 2007Buatos et al. (2007) stated that regular
physical activity, even when started late in lildlows appropriate reorganization of the
different components of postural control and arke ab adopt a more appropriate balance

strategy.

Since exercise has been shown to be an effectiamsnaf improving balance ability
and a good fall prevention strategy (Gu, Jeon &,E006; DiBrezzo, Shadden, Raybon &
Powers, 2005), it is expected that subjects witivglthanges in postural stability, center of
gravity (COG) excursion and/or response to dyndamtors following exercise sessions for
beginners. A five-week exercise program has bdemws to reduce falls and improve
avoidance of obstacles in the elderly (Weerdesetyal., 2006); therefore, an extended four-
month exercise session was chosen for the curesetirch in order to observe effectiveness
of the training style. A session exceeding founthe may combine physical training effects
with the aging effects and cause difficulties iralgmsis when determining the origin of

results.

Fitball® exercise is becoming more and more popular inthealented fitness
focused towards core strength/stability and wasetbee our exercise style of choice. Core

strength is a description of the muscular contemjuired in the lumbar spine region to
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maintain functional stability (Akuthota & Nadler0@4). To the best of our knowledge,
biomechanical evaluations on senior exercise uBittgpll® interventions are currently not
available and core-strengthening programs are relt rgsearched (Aduthota & Nalder,
2004). The current study tried to quantify theeef§ of the training session of a senior’s
Fitball® exercise program, by a pre- and post-exerciseicsessrategy, in a simulated

dynamic environment.

A balance test simulating a dynamic environmentuireg a specific stance of the
participant as well as a reaction task to takeelathe large number of previous studies
related to balancing ability in seniors have exadiguiet stance with feet at shoulder-width
(Shan & Wilde, 2003; Brauer, Burns & Galley, 200@pper, Maki & Holiday, 1993) and its
alternations, e.g. perturbations added to a stgngliatform (Henry, Fung, & Horak, 1998;
Pai, et al.,, 2000). Jonsson et al. (2005) amdele et al. (2002) however, stated that a
narrow/tandenmstance during balance trials offers a close @fatd a dynamic circumstance
or situations in which falls often occur. Pastd#ts have required a tandem stance position
when testing participants’ balance characteriséiogl ability (Era et. al, 2006; Melzer,
Benjuya & Kaplanski, 2001; Era et. al, 1996; Roaksal, 1997), but they failed to
acknowledge the compounding impact of ED on lodsatdnce. ED can be described as the

effects of forces on the motion of a body that doariginate within the body itself.

Factors that surround and impact an individual'sildgrium, while his/her attention
may be projected elsewhere, can precipitate CO@latisment to the point of imbalance
resulting in a fall. A real life scenario may inde an elderly individual who just completed
grocery shopping and, upon searching for keys wiadking to the car, stumbles over a

speed bump. A tragic fall may be the result du€@G displacement from the external
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trigger, lack of motor control and slow reactiomé&. With falls occurring often in dynamic
circumstances, such as walking, it is necessaryrnderstand balance in a dynamic
environment, which reflects real-life situations, \@ell as to develop an understanding of
what can be done to improve postural control adiyotain relation to environmental
changes. This study addresses this issue by imthogl ED into the balance test and

observing the influence of exercise on the parict{s motor control response.

One gap of previous studies on postural adjustmeemeglect of other attention-
diverting tasks during balance control. Such rplédtreaction processes are much more
complex than the single-reaction process that lanica recovery. This study tried to close

the gap by mimicking such a process using a rangdeight-drop.

In summary, the aims of this study were 1) to esplthe efficiency of new test
method to quantify seniors’ balancing ability byphpng a narrow, walk-like pose in
combination with ED and 2) to evaluate the effemtiess of a senior’s Fitb&8lltraining

program in improving motor control using an innavatand improved protocol.
2. Method
2.1 Subjects

Eight community-dwelling subjects, mainly of Caueasdescent and without co-
morbidities, (mean age 63.6yrs+9.1, average weift9.4kg+17.4kg and average height
1.64 meters+6.4cm) participated in this study. heyl were selected from the only two
Fitball® classes in the city, which had a total enrolmé@participants. Only those new to
the program and not involved with another exerceggme were asked to participate. This

was done to eliminate any possible contaminatidecef resulting from preceding Fitball
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experience or other physical trainingvleasurements of each subject were taken at the
beginning of the training session, September 200be Human Subjects Research
Committee of the University of Lethbridge scruteazand approved this protocol as meeting
the criteria from the Tri-Council Policy StatemeBthical Conduct for Research Involving
Humans, from the Natural Sciences & EngineeringeBesh Council. All subjects in the
study were informed of the testing procedures, esigan approved consent form and

voluntarily participated in the data collection.
2.2 Exercise intervention

The exercise intervention employed Fitb8llsarge air-filled balls, to be used in
various postures and movements with focus placedtimmgthening core muscles through
both static and dynamic exercise activities. Aktahand Nadler (2004) stated that the
musculature composing the core serves as the cehttee functional kinetic chain to
stabilize the body and spine. Table 3.1 showsuwdlne of an exercise class with examples
of exercises performed. The initial portion of thkass consisted of a short warm-up
followed by exercises focused towards static stiffg. Static exercises required participants
to push their COG to the outer limits of stabiland hold the position until the exercise

coordinator instructed them to release.
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Table 3.1Fitball® exercise class structure. L=left, R=Right. *basesupport was single, two leg or

tandem base of support during defined exercise.

Interval | Time (min)

Short Description

Specifics (According to Exercise Coordinator)

Warm-up b+ Laps with ball Vary walking speed while carrying or bouncing ball
Walk while tossing ball up and catching
Walk while passing ball guickly from hand to hand
Walk while passing ball around torso or rolling it in-front
Static | 20-25 Stand {on the spot)|Roll ball on ground or torso height around the body®

Lift ball overhead, maximal reach & hold in all directions®

Lean forward, stretch ball forward, toss & catch®

Toss up and catch behind back®

Sit {on ball) In front, using a tennis ball: bounce L, catch R & vice versa®
Bounce tennis ball (counter) clockwise around body

Lay {on ball) Back to ball: Arms out from sides, roll on ball as far L or R as
possible & hold.*

Back to ball: With tennis ball in each hand, arms out from
sides, use max voluntary contraction to squeeze L tennis ball.
Hold until instructed to release, then R side *
Back to ball: Extend L/R leg, make little/big (counter) clockwise
circular motions with leg.
Belly to ball: Roll tennis ball from far L to far R across front.*
Belly to ball- Extend one leg & opposite arm, lift high, hold &
alternate sides.
Break (5-10 min)

Dynamic | 15-20 Stand Bounce ball around body or under raised leg
Facing partner: Bounce ball to partner, partner tosses ball at
same time. Catch and repeat, reverse roles.

Sit (on ball} Arms out to sides, slowly lean back while walking feet out from
ball. End up in a horizontal position on ball. Reverse back to a
sitting position.

Facing partner: medial aspect of one foot in contact with
partner's medial aspect of foot. Push against one another to
knock off balance.

Lay {on ball) Belly to ball: Roll body forward & back with hands (no foot to

ground contact).

Belly to ball facing partner: Push/pull one another to knock off
balance.®

Cool-down| b+

Stretches utilizing or without ball.

46




Dynamic exercises and a cool-down made up the lptetion of the class. Dynamic
exercises worked on improving active stiffness afecmuscles by use of the balls with or
without a partner or other equipment (i.e. tennadlsh. In all exercises, participants’
positions to the ball varied from vertical to hanital in either a tandem stance or with one or
two limbs in contact with the floor. The exercsaat or laid upon the equipment, tossed,
bounced or rolled it. Supplemental equipment, sagkennis balls, was also incorporated to
improve fine motor control activities and to reldkee exercises to daily activities. These
classes took place three days a week for one halr day lasting four months. A four
month session was chosen to give participantscseiffi time to adapt the training strategies
and increase in strength, but be short enoughth®atageing effect would be negligible.
Adherence to program attendance was 65% or 264% ofasses. The Figure 3.1 shows a few

of the exercises performed during a session.

Figure 3.1. Fitbal® exercises. Left to Right: tennis ball squeeze with limb support, ball catch, leg
adduction against pressure with one limb suppornbe on Fitbafland tennis ball pass around

torso.

47



2.3 Test procedure

Since sensori-motor function of seniors do not iowprin the short period of four
months without physical intervention, it was deensedficient to determine the training

effects via comparison of post-test to pre-test.

Prior to beginning the exercise sessions, the qyaits were asked to undergo the
pre-test. The test protocol required the subjextstand with arms by their side in a walk-
like stance, one foot placed in front of the otf@ra narrow base of support in the medial-
lateral (ML) direction, with one foot per platforgRigure 3.2). The subjects were required to
remain in the walk-like stance during all trial¥he lead foot was self-determined by the
subjects for the pre-exercise test sessions, Imdired the same for the post-exercise test
sessions — four months after the first assessmé&atensure safety, a spotter was situated
next to the subject to pull or support individualsould they lose balance. However, no
incidents occurred. A ball weight (4.5 or 8.5lb&)s positioned 50cm in front and 1m above
each subject’'s head. The subjects were requiredamn aloud various letters, numbers and
short words (5¢cm in height), which were projected lon a wall 8m away, 40cm from
ground level. This was done to interfere with dtgbi(Raymakers, Samson & Verhaar,
2005), keep their attention focused away from tlegited ball overhead and prevent use of
peripheral vision for an early reaction to the virtigrop. Projected characters appeared for
1.5 to 4.0 seconds. The weight was dropped abrarahd subjects were required to react to
the falling object. The first weight of 4.5 Ibs svaeleased four times followed by four
releases of the heavier weight, 8.5 Ibs, for a witaight trials. Analysis of four trials was
chosen based on previous studies (Boulgarides.200d; Baloh et al., 1998; Thapa et al.,

1996). Each participant was allotted sufficientmvaup time and familiarization tests prior
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to data collection in order to prevent influence aofearning curve. Drop velocity was
controlled at 3m/s for all tests with differing \gbis used to determine the sensori-motor

reaction on catch-response to various objects.

Figure 3.2. Walk-like stance of subject with spotter.

2.4 3D motion capture, ground reaction measurdmaead biomechanical modeling

Force Platforms are often used to characterizenbaldGatts & Woollacott, 2006;
Papa & Cappozzo, 2000); they determine body swayacteristics in the anterior-posterior
(AP) and ML directions. However, force platformtaldails to supply such information for
the vertical direction, which is essential in uredanding the full body reaction taking place
in response to ED. To remedy this concern, 3D moatepture with biomechanical modeling
was applied for obtaining COG and determine dynaemction during the balance tests. For
verifying the validity of COG calculations using obiechanical modeling, two force
platforms (KISTLER AG, Switzerland) were used t@uaice center of ground reaction force
(CGRF) in order to compare the calculated COG amésured CGRF excursion in the

horizontal plane.
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A twelve-camera VICON V8i motion capture system f{@& metrics Ltd., Oxford,
England) was used to capture and synchronize bawmiatics with force plate data by
tracking 42 reflective markers (See APPENDIX V: foraical Locations for Marker
Placement). Calibration of the system was baseWioon’s technical manual for camera
and DataStation operation. Motion capture occuateal rate of 120 frames per second, with
the VICON software triangulating positions of eaclarker and rendering them in three-
dimensional computer space. Accuracy was withinmb. Positional data of the markers
received a 5 point weighted filter within the BodyBler supporting software then exported
in ASCII format. A Sony Digital camera (30fps) walso synchronized to 3D and force

capture to obtain video/visual reference data.

From the motion capture data, a full body biomeda&ammodel with 15 segments
(Figure 3.3) was built to determine COG excursion3D space. The model worked by
establishing anatomical positions through motioptage, which allowed a 15-segment full-
body model to be built. Using the fundamental ppgs of physics, simple X/Y/Z positional
data were translated into the movement of the plalsegment model. In such
individualized biomechanical modeling, the inertieharacteristics of the body were
estimated using anthropometric “norms” found thiowggatistical studies (Shan & Bohn,
2003). The fifteen segments were head & neck, uppek, lower trunk, and two of each
segment: upper arms, lower arms, hands, thighshkshand feet. The quantitative
determination of COG enabled researchers to pdsthiance control patterns employed by

seniors under various conditions.
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Figure 3.3. a) example of 3D motion with marker placement eawshera orientation, b) The 15-

segment model used in biomechanical analysis.

2.5 Data and statistical analysis

Three sequential phases were examined as partisiptood in a walk-like position.
The three phases werliet stance or ready-stance prior to visualization of balbjlr
reaction time from which the lower end of the measuringhgtwas at subject’s eye level to
the position of weight-catch; arfdllow-up, from catch attempt to regaining of stability or
both feet returned to ground contact. The objectias to test the balancing ability of
seniors in response to sudden environment chargedpring and post-catch in relation to

pre and post exercise sessions.

Quantification focused opatch success rat@umber of successful weight catches),
balance success ratgsubject’s ability to remain on the platform wiboth feet planted
throughout the trial) an€OG excursiorduring the three phases. A participant failing to
catch the ball or keep both feet on the platformreaconsidered non-successful for that trial.

Results were tabulated and analyzed by viewingovatga.
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A decrease of COG excursion for the ML and vertitiedctions was expected as core
stability and strength developed since tandem staeguires greater use of hip ab/adductor
or core control (Winter et al., 1996). Basic dgstve statistics were used, such as mean
and standard deviation of selected parameterseterrdine COG characteristics. . Paired t-
tests were also used in comparing pre- and possunements of the training session.
Significant level was set at p<0.05.

3. Results

The comparison between force platform data andn@deling calculation in AP and
ML sway showed no significant difference, which igates the 3D modeling approach
resulting in reliable results. Figure 3.4 showseaxemplary set of data of both COG and
CGRF calculations in the AP direction. The two wswns, with a less than 7% error,

confirm the effectiveness of using biomechanicadelimg based on 3D motion capture to

obtain a third parameter not attainable throughof force platforms.
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Figure 3.4. Sample of CGRF and COG excursion (mm) in the Aotd?osterior (AP) direction

during test conditions. The difference is <7%.
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A fail grade forbalance success ratgas issued when removal of one or both feet
from the platform was observed through video ansly3he results confirmed that between
pre- and post-exercise session trials, the fourtmtmining program significantly increased
the catch succesgate for the 4.5lb weight (p<0.05, Table 3.2). Therergy however, no
significant differences when the 8.5lb weight ba#ls used (p>0.05)Balance success rate
showed no significant changes between pre andgxastise session for either the 4.5lb or

8.5lb weight drop (p>0.05).

Table 3.2Balance and Catch Success Rate comparing Pre- and

Post- situations. bold = improvement.

Catch/Balance Success

4.5 |bs 4.5 Ibs 8.5 lbs 8.5 lbs
Catch Balance Catch Balance
Subject Pre Post Pre Post Pre Post Pre Post
1 1] 2 2 4 1] 2 2 4
2 2 2 1] 3 2 3 2 4
3 0 3 4 3 3 2 1 4
4 1] 2 4 3 3 4 3 4
5 2 2 a4 a 3 2 3 4
G 2 2 4 3 2 1 4 2
7 2 2 3 4 2 2 4 4
2 0 2 3 3 3 3 a4 3
P-Values
p=0.038 p=0.504 p=0.763 p=0.195

(pre vs. post)
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The COG excursion was evaluated by the range ofomdiROM), defined by
maximum COG minus minimum COG. The examinatiotheftraining effects was done by
comparing COG ROMs of pre- and post-test in 3 dimes and in the three catch phases
separately. The results show no significant infaesnof the training session on theiet
stance phaseDetails revealed that quiet stance comparisothefpre- to post- exercise

showed all p-values were larger than 0.05 in the P and vertical directions (Table 3.3).

Table 3.3 Average ROM of COG in millimeters with standardiaéeon (St.Dev.) and comparison
between pre- and post- tests. *: p <0.05, **: p@0, AP: Anterior-Posterior, ML: Medial-Lateral,
4.5/8.59.bs: Weight of ball.

Average COG Displacement and 5tandard Deviation {mm)

Anteroposterior (AP) Mediolateral (ML) Verticle (V)

Pre Post Pre Post Pre Post
Quiet Phase Average StDev Average 5tDev Average 5tDev Average 5tDev Average 5tDev Average StDev
4.5 lbs 19.3 5.7 22.6 7.5 2.7 3.4 20.3 8.5 6.3 2.2 4.9 1.9
8.5 lbs 18.8 8.3 19.9 10.5 16.8 1.9 23.6 7.0 8.1 3.8 8.0 3.8
Reaction Phase
4.5 lbs 91.8 22.0 99.8 23.5 13.7 1.9 18.7 4.8 55.6 16.7 61.0 10.6
8.5 lbs 112.3 26.6 85.4 29.8 17.4 3.7 19.0 5.9 111.4 366 51.8%* 8.3
Follow-Up Phase
4.5 |bs 1054 322 95.4 32.9 391 26.1 38.8 22.6 93.1 27.7 75.5 17.7
8.5 lbs 128.3 29.3 82.9 35.1 74.1 31.2 35.0 148 1364 46.5 79.2* 216
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During thereaction phasend thefollow-up phasga highly significant (p<0.01) or
significant (p<0.05) difference was found in thetweal direction, with a decrease in ROM
excursion when comparing pre- and post-exercisé wie 8.5lb ball weight condition.
Significant difference was also found in the MLedition duringfollow-up phasevhen the
8.5lb ball was used (p<0.05). However, no signiitcgdifferences were found in either phase
for both ball weight conditions in AP direction for the 4.5lb ball in ML direction (p>0.05).
The average training effects revealed by the CO&imion in millimeters can be found in
Table 3.3. The majority of the measurements shoaredmprovement by reducing the

ROMs between pre and post measurements, thoughiftheence was not significant.
4. Discussion

Physical activity has been used as an interverdgrah shown to be an effective fall
prevention technique in a number of studies (Buatad., 2007; Gu et al., 2006; Rook et al.,
1997). A large aspect of the present researchtwaketermine the usefulness of a four-
month Fitbalf intervention session in relation to a dynamic emwvinent. The Fitbdll
exercise session focused on strengthening core utatigie with the intent to improve
balance ability and motor control, an area that Imaged research results. 3D motion
capture, ground reaction force measurement, bioamchl modeling and video (for
observingcatch & balance success rafesvere used to determine the effectiveness of a
Fitball® exercise intervention. Improvements were obsein&2OG control strategy among
the subjects. The ROM of the COG decreased imghetion phasas well as théollow-up
phasein both the ML and vertical direction thus showiagmore focused command and
higher efficiency in muscle control (Hue et al.,02). These changes showed a form of

progress on motor control response in a dynamigr@mwient; however no change was
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apparent in the AP direction. It is possible th& movement improvements were disguised
by the different forms of response strategies/tegles that each person uses (Winter, 1995).
ML stability, due to the narrower base of supp@#diin this test, relied more so on motor
control and strength than did the AP stability. nArrow base of support requires hip
abd/adductors as the dominant defense in ML doectivhereas the AP direction is more

dependent upon reaction strategy in the hip, knéeaakle joints.

Effectiveness of the intervention was also deteetiihy observing reaction time and
balance ability by way ofcatch success ratand balance success rate The first
improvement revealed by this study through onerbesgi training session wastch success
rate. This was seen to progress in accordance withque\studies on the elderly, suggesting
that balance and strength improve with engagemenphysical activity (Ashmead &
Bocksnick, 2002). However, the improvement was/daund during the trials employing
the lighter weight. Based on the study by Pot@ad colleagues (1994), such improvement
can not be the effects of learning when activitiese a blocked schedule of practice. The
study found that large errors were observed imtate when acquisition trials were in block
format. The current test schedule was establishadlock style with the light weight being
used initially followed by the heavier weight. Theare, the improvement found by
employing the lighter weight was the result of RIS exercise. The lack of visible
improvements in catching the heavier weight cowddlbe to the fact that the heavy weights
are more demanding physically and thus more trginould be needed before improvements

can be seen.

Often in daily circumstances situations occur tiegjuire a rapid physical adjustment

to regain equilibrium in a dynamic environment. Ik and colleagues (2001) found that
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postural adjustments required cognitive processsagdistractions are likely to influence
balance and rapid physical adjustment. Quick nes@dime is often difficult when attention
is directed elsewhere, which is the reason ED velmed to a walk-like pose in order to
explore a different way of quantifying seniors’ &ating ability. As established in the
introduction, this test posture is closely relatedeal-life situations where seniors lose their
balance. Panzer et al., (1995) found that agingigea no evidence of postural instability in
quiet stance when compared to younger individuals,an altered postural control strategy
was witnessed in the older participants. It waggssted that due to the altered control
strategy, balance might be lost more easily in ¢ase of sudden or severe equilibrium
changes. The combined use of a walk-like standeE magnified these effects to allow
for analysis of motion in three different directsoto show the influence of the exercise
intervention. In the future, it may be worthwhitedse this protocol to identify aging effects

by contrasting seniors with young adults.

Including ED to a balance test using the tandentupesielded results that are more
pertinent to daily activities. Research in thetgass often focused on balance ability pre-
and post-exercise (Helbostad, et al, 2004; Melzernlg 2001 & 2005), but few have
addressed the issues of visual distractions remuai reaction and the influence of physical
activity involvement. By showing improvement otengtion of balance in somewhat true-to-
life conditions, the practicality of exercise pragrs that focus on improving or retaining
balance ability was shown to have merit. This gtadowed that participation in physical
activity on a regular basis results in a decreassponse time (increased catch success rate,

Table 3.2) to ED, as well as improved motor condtallity in some aspects.
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The results of this research were in accordancé pwievious studies that state
exercise improves posture control as well as stre(@shmead et al, 2002; Helbostad et al,
2005; Melzer et al, 2005). However, balance anehgth tests are recommended for future
studies in conjunction with ED to understand whyeved changes occurred from the
perspective of other test procedures. This wolltdvefor a more detailed understanding of
how balance and strength improved and what was rnfezhanism that promoted

improvements in ED responses.
5. Conclusion

The comparison between pre-exercise and post-eeeconditions shows that a static
walk-like stance with a random ED is an effectivaywo study balance ability in seniors.
The catch success ratbalance success rand the ROM of COG could be used jointly to
guantify the dynamic balancing ability of seniossveell as to evaluate the training effects of
senior training programs. The results of this streleal that a four-month Fitb8lexercise
session has potential in improving the dynamic oateg ability of seniors who have no

regular physical training, but further researctvasranted.

Note - this study has been accepted for publication
Dunn, B., Bocksnick, J., Hagen, B., Fu, Y., Li,¥uan, J., & Shan, G.§2008). Impact of Exercise on
Seniors’ Motor Control Response to External DynariResearch in Sports Medicing6 (1); 39-55.
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STUDY THREE

Characteristics of the Silent Assassin—Ground Levdtalls

1. Introduction

The Baby Boomer generation is steadily increasigsenior population and with it
comes an increase in health concerns and costeddtainjury and illness. One commonly
occurring incident in the demographic of those dherage of 65 is falling. Over one third
of this population experiences a fall, at leasteoacyear, after they have reached age 65
(Dargent-Molina & Breéart, 1995). As the populatiohseniors increase, so will the number
of injuries and costs involved in health care. tiStias have shown that falls often result in
serious injury (Zhang, Wang, Xu & Liu, 2006) suchhap fractures, and estimates have been
stated that world-wide fractures due to falls wiiltrease from 1.7 million in 1990 to 6.3
million by 2050 (Cooper, Campion & Melton, 1992)pple and Hays (1994) calculated that
of the total hip fractures that occur, 90% to 96%rton, Campbell, Lee, Robinson & Butler,
1997) of them are associated with falls. Individubat had a fall, resulting in serious injury,
often experienced consequential complications (@ et al., 2001) or even death for 12-
29% of the victims within the first year (Aharonoff997; Jette et al, 1987). Vital Statistics
for Ireland also attributed falls as the leadingiseg at 83%, of injury deaths (2005). The
seriousness of falls for individuals over the ag@&®is not a matter to be taken lightly. In
order to prepare the aging generation for #gilent assassint is pertinent that a better

understanding of falls be developed.

A number of interventions have been created togmeinjury in the case of a fall.

Passive injury prevention devices such as hip ptote have been manufactured with energy

59



shunting properties that displace collision forogscompressing upon impact, protecting fall
victims. Van Schoor and colleagues (2003) sugtiedtin evaluating the effectiveness of
these devices evidence advocates that there idderldenefit to the use of hip protectors for
at-risk individuals. Minimal difference betweenmibers of hip fractures occurred in the hip
protector group compared to the control group, maetdue to lack of compliance and/or
lower than expected effectiveness of the device wadetermined. Activating injury-
prevention devices such as a Personal EmergencgoR&s System (PERS) were also
developed in order to prevent the length of timeakes for a senior to be discovered and
assisted after a fall. The push-button PERS wewnd ineffective in the case of
consciousness loss or fainting (Gurley, 1996). td?q2005) also expressed concern about
the lack of consistent use of such interventiorenaypon falling.

What can be done then to assist at-risk individuaigjury prevention in the case of
a fall? Techniques have been developed to digshgialls such as wearable sensors that
monitor daily activity and detect falls by way dfarithms (Zhang et al., 2006; Zhang,
Wang, Xu & Liu, 2006). At the moment, wearables®-based fall detection systems tend
to collect information such as velocity, accelemativibration and tilt signals. Threshold
values, which discriminate between normal and ababractivities (i.e. falls), are then
established for these signals, and type-of-actidégisions can be determined by comparing
dynamic motion to threshold values (Zhang et &06). Researchers have placed sensors
on various anatomical locations to distinguish I faowever the kinematic magnitude of
various sensor locations has not been identifienlithout ADL and fall activities.

Research tends to focus on balance ability of serflehan & Wilde, 2002) and what

causes a fall to occur (Norton et al., 1997), bhawif the inevitable does take place? It is
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essential to determine fall characteristics and Hoay differ from that of normal activities,
or if they do. Wu (2000) as well as Bourke and hyd2007) suggest that horizontal and
vertical velocity of normal activities do not denstrate the same signatures as found in the
fall actions, which suggests that fall detection ashievable. Understanding the
characteristics of the fall process will perhapadlg¢o further development of functional
devices such as sensory-triggered airbag devickasg; 1993; Davidson, 2004; Lockhart,
2006; Ulert, 2002). A low-profile garment contaigisensors would detect fall activity and
inflate in the event of a fall. Establishing kinatnc characteristics of falls will accommodate
triggering of such a device to allow necessary qmidn. With a maximum velocity
occurring too late in the event of a fall, minim@ne would be allocated for airbag
deployment; therefore prompt triggering of this immasm would be essential for effective
injury prevention. A fall detection sensor mustgdaced in a location on the body so as to
trigger ‘detonation’ quick enough to be influentialhigh impact prevention.

The intent of this study was to demonstrate théedihces in velocity found at
various anatomical locations that will allow futustudies employing sensors to use
appropriate thoracic positioning. It is hypothesishat there will be differences between the
various anatomical locations which will classifyogation as best able to signal fall patterns
prior to ground contact. Demonstrating maximumoggy occurrence as a percentage of
time elapsed, as well as a suggesting minimum hbidsvalue for velocity, were also

objectives.
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2. Method

2.1 Subjects
Thirteen subjects participated in the study witlesaganging from 17 to 54. Three

males and ten females participated. This study agsoved by the Human Subjects
Research Committee of the University of Lethbridgeaccordance with the Tri-Council

Policy Statement: Ethical Conduct for Research Iving Humans.
2.2 Tasks

Subjects underwent one trip-fall (T-F) condition asll as five push-fall (P-F)
conditions that required falls in various direcg8ornThe T-F required the subject to walk with
eyes closed towards a bar, held at mid-tibia heigdppon contact with the bar they were to
trip and fall forward, landing on 38 centimeters (ithches) of foam and air mattresses
(Figure 4.1). Though individuals walk more slowijth closed eyes, this was done to
eliminate artificial preparation for the unexpeciiedr. This condition was completed twice
for each subject. P-F trials commenced by havivegsubject vertically rotate with closed
eyes, in order to create disorientation. When ghbject was asked to stop they were
repositioned next to the cushioning (if necessagy)minimal contact from the tester. They
were then pushed in one of five directions to prnsovertical drop, falling to their left side,
right side, back or front (Figure 4.1). Subjectanpteted each of these five randomly
occurring fall conditions twice for a total of t€nF trials. Eyes were to be kept closed during

all fall trials to simulate spontaneity and encourageautomatic response.

Fall conditions were compared to ADL (Figure 4.Lklts as reaching for an object,
sitting down, and ascending and descending staftshottle of water placed on a waist-

height table facilitated the reach trial. Subjegtye requested to walk to the table, pick up
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the bottle, “take a drink”, replace the bottle tie table and walk away. Secondly, subjects
walked up to a structure, sat down, got up and edhlway. For the final common activity, a
unit of four stairs was set up. Subjects climbethe top of the staircase, turned around and
descended. The reach, sit, and climb tests wergletaa twice for a total of six alternative

motion trials to be used in comparison to the dalla. Each subject completed a total of 18

trials.

e
= Se—

Figure 4.1.Subjects in the various test circumstances; aip4ush-fall, reach, sit and climb

(left to right respectively).

2.3 Instrumentation

Distinguishing features such as maximum velocityd gooint-in-time of max
occurrence of the eight anatomical landmarks wexedad to determine the differences
between fall events versus ADL such as sittingis TWas accomplished by way of a twelve-
camera VICON V8i motion capture system (Oxford mesti_td., Oxford, England), which
tracked 42 reflective markers. Calibration of thetion capture equipment, for coordinate
tracking, was completed prior to each of the tess®ns. The 42 markers were placed on
specific anatomical landmarks (See APPENDIX V: Amaical Locations for Marker
Placement) and allowed each subject to be repexdmy way of a 15-segment model
(Figure 4.2) as in previous studies. BodyBuildeftvgare was then used for smoothing the

displacement in the trajectories, by way of a 5npaveighted filter, as well as filling
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trajectory gaps due to marker occlusion. Accuraicynarker location was calculated to be
within 1.75 mm. A Sony Digital camera (30fps) waso synchronized to 3D data to obtain

video/visual reference data.

Figure 4.2. 15-Segment Model
2.4 Analysis

Analysis consisted of examining eight markers (€tebrae, T10 vertebrae, sternal
notch, xiphoid process, left superior & right interangles of the scapula, and left & right
acromion process) to determine maximum resultariocitg throughout the various
maneuvers. 3D-X/Y/Z positional data for the eilgftations were exported from a .C3D file
format to ASCII via BodyBuilder software and thdldaving formula was used (Microsoft
Excel 2007) to calculate marker position (P) infetame (n): R =V ((Xa-X)*+ (Yor
Y1)*+ (Z2-Z1)?)

Velocity was then obtained through single-stepedédhce, with each frame (step)
lasting 1/120 of a second. Comparison of the aextanaximum values for each of the three
ADL was done by repeated measures Analysis of aedest (ANOVA) in SPSS (version

13.0). The same process was used for determialagonship among the six fall activities.
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A one-tail independent t-test calculated P-valwescbmparing ADL to fall activities. For
this calculation, all three maximum ADL values weneeraged for each marker location to
obtain eight values. This was repeated for thefaixactivities, resulting in two variables
(ADL max averages and fall max averages) for ttest- In summary, a total of 24 values
were obtained to classify the differences betwewhvaithin activities and marker locations.

Time was calculated by determining the durationtref ADL from beginning of
activity-motion to end of activity. To prevent tirdluence of the walking phase during the
ADL trials, walking portions were removed prior tlata processing. The walking phase
during a trial was used only to promote natural iovotupon engaging in the desired
activities. In the case of the falls, ‘end’ wadided as initial hip contact of cushioning to
prevent the damping effect from influencing caltiolas. Decision of end time was
established from use of the .AVI files acquiredthg Sony digital camera. The time-at-
maximum factor for each of the two activity typesswvcalculated as a percentage of
maximum velocity occurrences relative to total tiet@psed.

A threshold value was also established in ordeletermine fall activity early enough
to detect a fall. This was done simply by obseovabf ADL maximum velocities and
assigning a threshold value slightly above thaheflargest maximum. Results from Subject
A were used to demonstrate the relative time t@margl passing threshold and velocity

reaching maximum for each sensor location.
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3. Results

Table 4.1 is a synopsis of velocities in each efalght marker locations in relation to
the nine activities engaged in with correspondingndard deviation. The maximum
resultant velocities for normal activities average803 m/s whereas the maximum velocities
for fall activities averaged 3.603m/s — almost ¢htenes that of normal motion. Results
within the ADL category showed no highly signifi¢athfferences (p<0.01) between seven of
the eight locations with only three having sigraft difference (p<0.05). More difference
was seen between the fall types in the eight mdddations with a p-value of less than 0.01

at all of the eight marker positions. Analysistbé ADL versus fall activities revealed

highly significant differences with p-values dramally lower than 0.01 (Table 4.2).

Table 4.1. Maximum velocities (meters per second) with statideeviation at each

anatomical location for the nine activities.
FD=Fall Down, FF=Fall Forward, FB=Fall Back

TFap4Fall, FL=Fall Left, FR=Fall Right,

Maximum Velocity (m/s)

c7 T10 Sternal Notch Xiphoid Process  Left Scapula Right Scapula  Left Shoulder Right Shoulder
Max StDev Max StDev Max StDev Max 5tDev Max StDev Max StDev Max StDev Max StDev
Stairs 1.322 0.19 1405 0.257 1.292 0.208 1.361 0.422 1559 0.218 1.382 0.224 1418 0.229 1.395 0.206
Reach L209 019 1244 0429 1145 0134 1157 0193 1187 0.239 1.238 0.217 1.167 0.188 1.269 0.204
Sit 1.259 0.251 1.351 0.261 1.25 0.357 1221 0.256 1.35 0.435 1447 0.317 1.249 0.261 14 0.268
TF 4134 0673 3875 0518 4.029 0.544 3.43 0.506 4.051 0.61 3.675 1.688 4.295 0.823 4.236 0.634
FL 3.865 0401 3552 0.336 3.558 0.433 3.179 0.45 3.737  0.332 37742 0.3%9 3748 0.307 3.841 045938
FR 3.951 0447 3.65 0.461 3.527 0.425 3.057 0474 3789 0353 3.692 0.366 3.821 0417 3.688 0439
FD 3.274 0.73 2.98 0.51 2926 0.656 25260 0.556 3,136 0.634 3.118 0.686 3.173 0.672 3138 0.717
FF 3931 0796 3.625 0446 3.72> 0484 3.352 0.388 3708 0.364 3.707 0.494 3.82 0.364 3.912 0.552
FB 3.792 0501 3.298 0.396 3.689 0492 3.289 0.597 3.623 0.403 3.56 0.313 3.684 0.609 3.819 0.43
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Table 4.2.P-values from ANOVA calculations showing highly

significantariation between fall and daily activities.

p-Values
Location Normal Fall Mormal + Fall
c7 0.177 <0.001 <0.001
T10 0.1584 <0.001 <0.001
Sternal Notch 0.096 <0.001 <0.001
Xiphoid Process 0.047 <0.001 <0.001
Left Scapula 0.029 <0.001 <0.001
Right Scapula 0.022 <0.001 <0.001
Left Shoulder <0.001 <0.001 <0.001
Right Shoulder 0.064 <0.001 <0.001

The maximum velocity occurrence in relation topskd time can be seen in Table
4.3. It was concluded that a marker on the xiplw@tess would reach its peak value prior
to all other marker positions, when averaged acatidall types. The marker placed on the
xiphoid process reached the maximum velocity of g¢hxefalls combined at an average of
86.6% following fall start. A marker placed at €&rtebrae typically took the greatest time

to reach maximum velocity, at 90.1% of the falléim
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Table 4.3Percentage of time elapse at

maximum velocity occurrence.

Percentage of

Time Elapsed
o 90.1
T10 88.9
Sternal Notch 89.8
Xiphoid Process 86.6
Left Scapula 89.8
Right Scapula 88.9
Left Shoulder 89.3
Right Shoulder 89.6

Threshold was established to be 2.0m/s, a valueetw@eded all maximum resultant
velocities for ADL, but was superseded by all fadttivity resultant velocities. Subject A
shows an average difference of 26% between the tivaethreshold was surpassed to the

time maximum velocity was reached (Figure 4.3).
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Figure 4.3. Time percentages described as factors of thréegBddm/s) and maximum

velocity occurrence relative to total fall duratifmm Subject A.

68



4. Discussion

As previous studies have shown, general actiyipes have distinguishing features
allowing for differentiation between falls and commADL (Wu, 2002; Zhang et al. 2006;
Bourke et al, 2007). These studies typically disthed a threshold level that would
differentiate between ADL and fall events. In tletudy, a threshold level could be
established over 2.0 m/s at any of the eight trladations, which would indicate a high
likelihood that a fall was taking place. The diface in time between reaching threshold
compared to the maximum velocity value for Subfecs demonstrated in Figure 4.3. Were
a threshold level to be established at 2.0m/s, riiore could be allotted to fall detection and
injury prevention. Interventions, such as an amatal airbag, created to prevent injury upon
impact in the case of a fall would benefit from wéehis finding by triggering deployment
as velocities surpass the defined threshold valtat only would this assist the victim, but

also the health costs related to resultant injury.

The location found to reach it's maximum velodhyg quickest was positioned on the
xiphoid process and would be the recommended placefor earliest fall detection if the
maximum value was used for triggering. A thresheddue of 2.0 m/s however, would
suggest that a sensor be placed on C7 to allowatbest time frame to distinguish between
falls and ADL. Airbag deployment for vehicles r&gs approximately 15-20 milliseconds
for the sensors and control unit to determines régvef an accident and decide whether to
deploy, by 25 milliseconds it begins to inflate atd45 milliseconds it reaches full inflation
(PC Police, retrieved May 6, 2007). Time is amuéssvith fall durations of approximately
one second. Adequate foreknowledge of a fall ecdémrthe ability to deploy the airbag

mechanism with substantial time to be an effectintervention. Though a custom
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anatomical airbag device would need to be fabritatecan be expected that such a device
would not be created to deploy any quicker tham tised for automobiles. This in mind, a

sensor location that gives the largest amount ohing would be suggested.

Understanding the characteristics of the silerdassin may also contribute to
psychological ease in the targeted age group. $ayel colleagues (1996) found that
striking the ground in a stiff state was actualhyrfid to increase forces upon impact. This
seems counter-intuitive as one may suppose protetdi be afforded to a joint at impact,
which is encased by flexed muscles as opposed relaged state. Marks et al (1997)
suggests that a study by Luukinen, Koski, Laipald Kivela (1997) may have a plausible
explanation in that the fear of falling amplifies-contraction and tenseness as opposed to
graded contraction of musculature. The resultéffesing may contribute to, rather than
absorb, the impact experienced during a fall. Kiedge, as well as effective physical

interventions, potentially reduces fears that caantribute to impact injury.

Future studies in determining fall characteristst®uld be conducted to further
understand the characteristics of ground leves falhcluded in these studies should be the
condition of unexpected falls with eyes open. Thisuld allow quantitative analysis of
velocity or acceleration in more life-like fall cdiions. Another study should focus on other
signals such as trunk angle or acceleration. iBwhay interventions such as an anatomical
airbag may be allotted even greater amounts of timeeact to a fall situation. Further
studies might also include marker characteristioslamver limb locations to determine

differences in upper and lower body velocity oredecation.
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5. Conclusion

Discrimination between falls and ADL is possibing resultant velocity parameters
of anatomical locations on the trunk. Placemérmt gensor on the xiphoid process would be
best if triggering at maximum velocity, but thregheoalues offer earlier triggering for fall
activities. This early triggering may be critidal future interventions, such as the creation

of inflatable devices for hip protection.
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GENERAL CONCLUSION

The focus of this research was to investigateomoontrol and balance ability in an
aging cohort. Balance is affected by various patens such as movement speed, muscular
strength (de Bruin, 2007), and proprioception (Elktret al., 1997). These parameters
typically decline with age. As a result fear amdhativity settle in and often become
contributors to falls resulting in immediate consegces such as fractures, as well as remote

complications such as dependent living.

In an attempt to investigate the aforementionegeatives, three studies were
conducted, each observing a different aspect oagfireg process in relation to motor control,
balance ability and falls. The first study addessspostural control in a dynamic
environment in attempts to gain insight into indivals’ balance abilities. The second study
attended to an intervention focused towards balanpeovement in a dynamic environment.

The third study examined an injury prevention apploto fall incidents.

This thesis looks at balance and fall situatiogsobserving balance ability in a
dynamic environment and examining two resultingrapphes to injury prevention. Active
intervention is a primary approach to injury pretrem (Gu et al., 2006). Keeping the elderly
population well and active will assist in improvirtgeir quality of life by supporting
independent living and promoting healthy choicBassive intervention should be secondary
to activity involvement and used in the circumsenm which the individual is unable to

perform physical activity or the primary approa€ig(re 5.1).
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Active Intervention

Understanding Balance Ability (Primary approach to injury prevention)

(DBTP)
Passive Intervention

(Secondary approach to injury prevention)

Figure 5.1. Overview of thesis view points

Study one used a moving platform, the Dynamic Badahesting Platform (DBTP),
in attempts to understand balance ability. Previtmsts on balance ability often employed
force platforms in a static environment, from whtcéinsferability to real life can be argued.
Activities of daily living (ADL) are generally dymaic events that rely on the interaction of
individual and environment. Use of the DBTP attégdpto bring the dynamic environment
connect into play while searching for an understagdf balance in individuals. This study
replicated previous research findings (Maki & Mailr 1996); individuals’ response to the
environment is more rigid with increased age, imtamplifying processing time and

movement responses.

Study two was to evaluate the effects of an exerritervention employing a novel
exercise program and testing protocol. Exercigdten encouraged as a means of improving
health and balance in the aging population (Canmpitelal., 1997). Since exercise is
recommended by numerous health professionals, stexpected that balance performance
following the exercise program would be better wempared to those preceding the four
month exercise regime. Results showed that reatiozm and COG excursion improved as

expected.
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The third study was designed to test a passiveoapprto injury prevention. The
premise of this investigation was that velocitié$adl activities differ from those of activities
of daily living (ADL). Steps can be taken to minza the occurrence of falls, but an
elimination of falls is unlikely. A passive apprdaio reduce fall injury is necessary for those
who choose not to involve themselves with exerpregrams or who are incapable of strong
motor control. The observations of ADL and fallogties unveiled differences between the
two types of activities, which suggests the fedisbof an airbag injury prevention system.
To confirm the probable application and efficacyaobags, however, future research needs
to address the number of sensors needed to precamdental deployment, speed of
deployment, airbag size and airbag shape. Imprsiperand shape could prevent damage to

the protected area, but contribute to injury aeotbcations on the body (i.e. head and neck).

The three interrelated projects have provided htsigto balance ability, the use of
physical activity as an active intervention, ashaslthe hypothetical feasibility of a passive
injury prevention technique. This research ha® @wen insight into further research

opportunities.

The first study using the DBTP was a new approachuriderstanding balance
characteristics. Because of the novel approanhnaer of questions should be addressed to
establish it as a viable measuring tool. Firdeagchers need to address the natural validity
of the measuring device. Dynamic environments$ #ra encountered in daily life rarely
resemble collapsing floors. Second, researchesg teedetermine if balance on the device is
a learned skill and weather the amount of timemiteeleaning the skill for the older adult is
sufficient. Third, industrial air cylinders are neado withstand weight as opposed to

responding with the force exerted on it. The latkesponsiveness in the cylinders may
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have been a contributing factor to the lack of C@@erences between age or gender
cohorts. Fourth, the perturbation layer was esthbtl to move within a small increment of
2.5 cm in both directions. This was chosen aogeption to those who were not very stable
such that a small incremental drop would be lessfiie than one of greater amplitude. It
may be argued that the 2.5cm distance may haveb@en large enough to project the
differences between age/gender. Finally, theedsis a need to look at joint control strategy
in the hips, knees and ankles of the three agepgrouorder to give further insight to the

method of reaction to external dynamics (Nardored,e2000).

The second study also had a few qualities thatdcbalimproved upon. One major
oversight was to neglect retesting the control.ough improvements in the participants’
reaction time and balance ability were noted, iumgletermined how those results would
compare to the control group participants. Itesgible that the participants learned the test
tasks as opposed to demonstrating an interveng@ed improvement. As well, a more
regulated strategy for the ball drop, such as aham@cal drop device, would offer more

consistency as opposed to a manual release obplee r

Studying the interaction of aging and balance isoamplex matter as numerous
factors contribute to the outcomes. The seriestoflies conducted here provide some
further insight into critical issues such as baéaneasurement, control strategies, acquisition
of targeted behaviours for fall prevention, and rewbe use of secondary or passive
protective devices. It is hoped that the invesioges of the suggested modifications to the
DBTP could possibly assist in predicting individsidikeliness to fall. The basic assumption
continues to be that physical activity assists mproving and/or retaining strength and

balance as well as having a positive effect on isigwensory-motor degradation (Campbell
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et al, 1997; Rooks et al, 1997). Consequentlyelbping an effective tool for identifying
balance related short-comings is an asset. Thawe fikely to fall may be prescribed
various activities such as Fitbaltlasses. If exercise is not plausible, the irsiiai may

need a passive form of protection such as a weagafilag.

Growing old brings many challenges. Postural imétg and potential falls are just
two of these challenges, which compromise a highatity of life. In order to offer our
aging generation a higher quality of life, it isaar best interest to understand why falls
occur and what we can do to prevent them from etayso that resultant injury or fatalities

can be reduced.
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APPENDIX I: Consent Form Sample

Informed Consent

Fall Characterization, Prediction and Prevention inthe Aging

Biomechanics Laboratory
University of Lethbridge

You are invited to participate in a research stp#yformed by Brandie Dunn, of the
Department of Kinesiology at the University of Letlige. The purpose of this study is to
determine the characteristics of body sway to ptelalance/posture control ability. The
experiment takes about ¥z hour and requires thatpgstorm upright standing tasks on a
platform. The results from this research will hepnmunity practitioners in the health care
industry and hospitals acquire a means by whicly ttan identify high-risk groups and
reduce the likelihood of falls. As the populatiages, falls become one of the major health
problems, not only for those with some degree ¢driize or mobility impairment, but also
among healthy active seniors.

Should you consent to participate in this studw) yall be asked to stand upright on a
platform (10" high) with eyes open. The area of sheface is 2° X 2’ (60 cm X 60 cm) and
each of the four corners will deviate in a vertidakection up to 1.5” (4 cm) in relation to
your body sway. The tests are rarely related todamger.

The only potential risk is that you may lose yoatdmce. However, to reduce this risk, a
safety harness and spotters will be used as ayiresary measure, so you will be absolutely
safe.

The information gathered from you during this stislgonsidered confidential, similar to a
doctor’s records. To maximize your confidentialifggu will be assigned a code, and this
code will be used instead of your name at all tinAdk personal information will remain
locked in a file cabinet that can only be accedsedesearchers involved in this study and
will not be disclosed without your permission. Weayn however, wish to use your
measurement for a research presentation or edoadparposes in the future. Your identity
will be kept confidential. If you would like to gévyour permission at this time for use of
measurement data for research and educational gegpplease place your initials by "yes".
If you do not wish to give permission at this tirpégase place your initials by "no".

Yes No
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APPENDIX I: Consent Form Sample (cont.)

Your participation in this study is entirely volany and you may withdraw from
participating at any time. Should you decide ngpaticipate in this study, your relationship
with the biomechanics Laboratory or any other dpant of the University of Lethbridge
will not be affected in any way. If you have anyther questions about this research, please
feel free to contact Brandie Dunn, at 329-21117&G3. If you have any further questions
regarding your rights as a participant please atritee University of Lethbridge Office of
Research Services at 329-2747.

Your signature below indicates that you have read inderstood the information provided
above, and that any and all questions you mightask been answered to your satisfaction.
Your signature also indicates that you willinglyreg to participate in this study, you
understand that you may withdraw from this expentreg any time and will not hold the
University of Lethbridge, Kinesiology DepartmentioBiechanics Lab and/or individuals
performing the research, liable for any injury thety occur relating to the studies.

| have read the attached Informed Consent form ahdonsent to participate in the “Fall

Characterization, Prediction and Prevention in thAging” research study.

Printed Name: Date:
Signature:
Witnessed by: Date:
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Name:

APPENDIX II: Protocol for - Platform

DOB:

Weight:

Height:

Mean Residual:

Marker Placement Complete:
Consent Form Complete:

Date:

PSI:

Shoulder Width:
Instructions: No berkhees

- Hands at side
0

StartCapture thenLower Actuators

MOTO Pose # #

20 Seconds Each 1 2

Test it #

Eyes Open # #

Eyes Open Lid #

Eyes Closed i i

Eyes Closed i #
Measurementgnm) Notes

Hand Thickness

Wrist Thickness

Elbow Width

Foot Thickness

Leg Length
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APPENDIX III: Protocol for -Impact of Exercise on Senior’'s Motor
Control Response to External Dynamics

Posture Change with Random Weight Drop

Name:
Date:
Age:

Moto-Pose(s):
Trial #:
Trial #:
2Lbs
Trial #
Drop 1:
Drop 2:
Drop 3:
Drop 4 :
Drop 5:

Measurements
Height:

Weight:

Leg Length:
Wrist Thickness:
Wrist Width:
Elbow Width:

Foot Thickness

Notes:

Video Accuracy:
Camera Set-Up:
Force Plate Working:

5Lbs
Trial #
Drop 1:
Drop 2:
Drop 3:
Drop 4:

Drop 5:
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APPENDIX IV: Protocol for - Fall Characteristics

Name: Date:
Height: DOB:

Weight: Mean Residual:
Marker Placement: Y N Consent Form: W
Trial # Trial #

Moto Pose:
Trip Fall:
Fall Forward:

Fall Backward:
Fall Left:
Fall Right:

Fall Down:

Stair Climb:
Reach and Grab:
Turn, Sit and Stand:

Measurementgnm) Notes

Hand Thickness

Wrist Thickness

Elbow Width

Foot Thickness

Leg Length
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APPENDIX V: Anatomical Locations for Marker Placement

Location

Anatomical Position

MNumber of
Markers

HEAD

Left and Right Sphenoid

2

Left and Right Back Head {Mear the Lambdoid Suture)

2

TORSO

Sternal Notch

Xiphoid Process

c7

T10

Left Superior Angle of the Scapula

Right Inferior Angle of the Scapula

b [ [ [ [ |

ARMS

Left and Right Acromion Process

Left and Right Upper Arm

Left and Right Leteral Epicondyle of the Humerous

Left and right Lower Arm

Left and Right Stloid Process of the Radius

Left and Tight Styloid Process of the Ulna

Third Metacarpophalangeal Joint (Left and Right Hands)

[ I O N L I I I L I R O I S

PELVIC GIRDLE

Left and Right Anterior Superior lliac Crest

=]

Left and Right Posterior Superior lliac Crest

fad

LEGS AND FEET

Left and Right Thigh

Left and Right Leteral Condyle of the Tibia

Left and Right Shank

Left and Right Lateral Malleolous of the Fibula

Left and Right Posterior Calcaneous

Left and Right Tuberosity fo the Fifth Metatarsal

Left and Right head of the Hallicus

[ I O I O I S Y S T I L

TOTAL MARKERS
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APPENDIX VI: Pressure Table (PSI)

Weight (Lbs)| Weight (Kg)| "&** :;’:ﬁ"‘“'e
100 455 6.5
110 50.0 7.0
120 54 5 8.0
130 59 1 8.5
140 63.6 9.0
150 68 2 10.0
160 2.7 10.5
170 77.3 11.0
180 818 12.0
190 86.4 125
200 90 9 13.0
210 95 5 14.0
220 100.0 145
230 104 5 15.0
240 109.1 16.0
250 113.6 16.5
260 1182 17.0
270 122.7 18.0
280 1273 18.5
290 131.8 19.0
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