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Abstract

OBJECTIVE—To compare the effectiveness of group resistance and agility training programs in 

reducing fall risk in community-dwelling older women with low bone mass.

DESIGN—A randomized, controlled, single-blinded 25-week prospective study with assessments 

at baseline, midpoint and trial completion.

SETTING—Community centre.

PARTICIPANTS—Community-dwelling women aged 75–85 years with low bone mass.

INTERVENTION—Participants were randomly assigned to one of three groups: Resistance 

Training (n=32), Agility Training (n=34), and Stretching (sham) exercises (n=32). The exercise 

classes for each study arm were held twice weekly.

MEASUREMENTS—The primary outcome measure was fall risk (derived from weighted scores 

from tests of postural sway, reaction time, strength, proprioception, and vision), as measured by a 

physiological profile assessment (PPA). Secondary outcome measures were ankle dorsiflexion 

strength, foot reaction time and the Community Balance and Mobility (CB&M) Scale.
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RESULTS—Attendance at the exercise sessions for all three groups was excellent: Resistance 

Training (85.4%), Agility Training (87.3%) and Stretching program (78.8%). At the end of the 

trial, PPA fall risk scores were reduced by 57.3% and 47.5% in the Resistance and Agility training 

groups respectively, but by only 20.2% in the Stretching group. In both the Resistance and Agility 

groups, the reduction in falls risk was mediated primarily by improved postural stability, where 

sway was reduced by 30.6% and 29.2% respectively. There were no significant differences among 

the groups for the secondary outcomes measures. Within the Resistance Training group reductions 

in sway were significantly associated with improved strength as assessed by increased squat load 

used in the exercise sessions.

CONCLUSION—These findings support the implementation of community-based resistance and 

agility training programs to reduce fall risk in older women with low bone mass. Such programs 

may have particular public health benefits as it has been shown that this group are at increased risk 

of falling as well as sustaining fall-related fractures.
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INTRODUCTION

Falls are a relatively common event in older people. Approximately 30% of individuals over 

65 years of age fall at least once a year, and about half of those do so recurrently. Fall-related 

injuries and death in older people are a major health care problem worldwide, with the 

numbers continuing to rise 1. Thus, falls prevention in older people remains a major health 

care priority.

Falls are not random events 2 and occur, at least in part, due to physiological impairments, 

such as impaired balance, muscular weakness, and slowed reaction time 3. Exercise can 

effectively reduce both fall risk factors and falls in older people by ameliorating 

physiological impairments. For example, Lord et al. 4 demonstrated that a community-based 

general exercise program improved balance, muscular strength, and reaction time in older 

women. Furthermore, both Tai Chi Quan 5 and a home-based strength and balance training 

program 6 have reduced the incidence of falls in community-dwelling older adults. However, 

exercise comes in many forms, and further research is needed to delineate the specifics of 

exercise prescription for optimal fall risk and falls reduction. Defining the components of 

exercise that are effective in reducing fall risk would provide some insight as to the possible 

underlying mechanisms by which exercise exerts its effect and allow those prescribing 

exercise to do so more effectively.

Fractures, especially of the hip, are particularly disabling consequences of falling 7. One 

group of individuals at particularly high risk of sustaining fall-related fractures are those 

with low bone mass. For example, each standard deviation decrease in femoral neck bone 

density increases the age-adjusted risk of hip fracture 2.6 times 8. Furthermore, older women 

with osteoporosis may have a greater risk of falling due to greater impairments in balance 

and muscular strength compared with age-matched counterparts without osteoporosis 9. 
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Thus, exercise programs aimed at reducing fall risk and falls may be particularly important 

for older people with low bone mass.

Recently, we conducted a randomized controlled trial that examined the effectiveness of a 

general exercise program in reducing fall risk in this population 10. This study found that 

low intensity strength, coordination and balance exercises were effective in improving 

strength and balance. In this paper we build on this work by conducting a 25-week, single-

blinded, randomized controlled trial to compare the effectiveness of two types of 

community-based exercise programs (high-intensity resistance training and agility training) 

in reducing fall risk in community-dwelling older women with low bone mass.

METHODS

Study Design

We conducted a randomized, controlled 25-week prospective study with three measurement 

periods (baseline, midpoint, and trial completion). The assessors were blinded to the 

participants’ assignments.

Participants

We identified all women aged 75 to 85 years who were residents of greater Vancouver and in 

whom osteoporosis or osteopenia had been diagnosed at the BC Women’s Hospital and 

Health Centre (defined as a T-score at the total hip or spine at least 1.0 standard deviations 

below the young normal sex-matched areal bone mineral density of the Lunar reference 

database) 11 as potential participants. In addition, the Osteoporosis Society of Canada, BC 

section, provided a list of individuals with low bone mass who had provided permission to 

be approached for research studies. Six hundred and eighty-three letters of recruitment were 

mailed to the women identified from these databases. Local newspaper, radio, and poster 

advertisements were also used to aid in recruitment. Low bone mass was confirmed in 

participants recruited in this manner with a dual-energy X-ray absorptiometry (DXA) bone 

mineral density scan.

Interested individuals were screened by a standardized telephone interview, which included 

the revised physical activity readiness (Par-Q) questionnaire 12,13, and were then invited to 

an information session where a physician (KMK) assessed all potential participants. We 

excluded women who were: living in care facilities, of non-Caucasian race, regularly 

exercising twice weekly or more, had a history of illness or a condition that would affect 

balance (i.e. stroke and Parkinson’s disease), were unable to safely participate in our 

exercise program, or had a Mini Mental State Examination (MMSE) 14 score of < 23. Figure 

1 shows the number of participants in the treatment arms at each the stage of the study 

(FIGURE 1).

The study was approved by the University of British Columbia Clinical Research Ethics 

Board and the Research Committee of the Children’s and Women’s Hospital of British 

Columbia. All participants gave written informed consent prior to participating in the study.
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Descriptive Variables

We measured age in years, standing height in centimetres, and mass in kilograms in all 

participants. General health was assessed with questions from the Canadian Multicentre 

Osteoporosis Study (CaMOS) questionnaire 15 that relate to current medication use, current 

supplement use, the presence of medical conditions known to be fall risk factors (such as 

osteoarthritis), and history of falls. This questionnaire was administered at baseline by 

trained interviewers. As well, all participants underwent a physician assessment to confirm 

health status and walking aid use was also recorded.

Cognitive state was assessed using the Mini-Mental State Examination 14. Each participant’s 

current level of physical activity was determined at the three measurement periods with the 

Physical Activities Scale for the Elderly (PASE) questionnaire 16,17. Visual acuity, both high 

and low contrast, was assessed at a test distance of three meters 18. Corrected acuity was 

determined binocularly and measured in terms of the minimum angle resolvable in minutes 

of arc. Tactile sensitivity was assessed with a pressure aesthesiometer 18. Filaments of 

varying thickness were applied to the center of the lateral malleolus and measurements are 

expressed in logarithms of milligrams pressure.

Adherence with the assigned exercise program was recorded for each participant and 

expressed as the percentage of the 48 classes (maximum number of classes) attended. All 98 

participants were asked to keep a falls diary throughout the intervention period.

Primary Outcome Measure

Participant’s fall risk was assessed at the three measurement periods using the Physiological 

Profile Assessment (PPA) © 18 (Prince of Wales Medical Research Institute, Randwick, 

Sydney, NSW, Australia). The PPA is a valid 19,20 and reliable 21 tool for assessing fall risk 

in older people. Based on the performance of five physiological domains (vision, 

proprioception, strength, reaction time and balance), the PPA computes a fall risk score 

(standardized score) for each individual and this measure has a 75% predictive accuracy for 

falls in older people 19,20. Standardised weightings for each of the five components were 

derived from a discriminant function for predicting multiple falls from the Randwick Falls 

and Fractures Study 20. These weightings (canonical correlation coefficients) were −0.33 for 

edge contrast sensitivity, 0.20 for lower limb proprioception, −0.16 for isometric quadriceps 

strength, 0.47 for hand reaction time and 0.51 for postural sway on a compliant foam rubber 

surface. Fall risk scores below 0 indicate a low risk of falling, scores between 0 and 1 

indicate a mild risk of falling, scores between 1 and 2 indicate a moderate risk of falling and 

scores above 2 indicate a high risk of falling. Table 1 describes the tests from the short-form 

PPA assessment (TABLE 1).

Secondary Outcome Measures

Secondary outcome measures were included to assess lower limb function in domains not 

assessed by the short-form PPA as well as a measure of overall general balance and mobility. 

Isometric ankle dorsiflexion was assessed in a seated position with the foot secured to a 

footplate and the angle of the knee positioned at 120 degrees. In three trials, the subject 

attempted maximal dorsiflexion of the ankle and the greatest force was recorded 18. Foot 
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reaction time was assessed with a light as a stimulus and a foot-press as the response 18. 

General balance and mobility was assessed using the Community Balance and Mobility 

Scale (CB&M Scale) 22. This scale is a performance-based balance and mobility measure 

consisting of 12 items each rated at a 5-point scale (85 points maximum). It includes items 

such as timed single leg stand, tandem walking, and stair mobility. This scale was chosen 

because present balance and mobility measures do not adequately assess higher levels 

functioning expected in community-dwelling older people 23,24. Test-retest reliability for the 

Community Balance Mobility Scale indicates a high agreement between tests with an ICC of 

0.98. The internal consistency of the scale is also very high (Cronbach’s alpha=0.96) 22.

Randomization

After baseline measurement, participants were randomly assigned to one of three groups: 

Resistance Training, Agility Training, and Stretching (sham exercise). Randomization was 

stratified by baseline performance in postural sway.

Sample Size

The required sample size for this study was estimated based on predictions of 20%, 10%, 

and 0% change in the PPA’s fall risk score for the Agility Training group, the Resistance 

Training group, and the Stretching group respectively. Assuming a 30% attrition rate and 

using an alpha level of < 0.05, 30 participants per group ensured a power of greater than 

0.80 to detect a 10% difference between groups.

Exercise Intervention

The exercise intervention began one week after the baseline measures were administered. 

Participants were required to attend their assigned exercise class twice weekly. All classes 

were held at a YMCA community centre and led by certified fitness instructors. The classes 

were 50 minutes in duration, with a 15-minute warm-up, 20 minutes of core content, and a 

15-minute cool down. The instructor to participant ratio was 1:2 for the Resistance Training 

class, 1:3 for the Agility Training class, and 1:4 for the Stretching class. Attendance was 

recorded daily by the head instructor of each class.

Resistance Training—The protocol for the Resistance Training group was progressive 

and high-intensity in nature with the aims of increasing muscle strength in the extremities 

and trunk. Both a Keiser® Pressurized Air system (Keiser Corporation, Fresno, CA, USA) 

and free weights were used to provide the training stimulus. Participants underwent a 2-

week familiarisation period with the equipment and the exercises. The Resistance Training 

exercises included: biceps curls, triceps extension, seated row, latissmus dorsi pull downs, 

mini-squats, mini-lunges, hamstring curls, calf raises, and gluteus maximus extensions on a 

mat.

The intensity of the training stimulus was initially set at 50% to 60% of 1RM (repetition 

maximum) as determined at week two, with a work range of two sets of 10–15 repetitions 

and progressed to 75% to 85% of 1RM at a work range of six to eight repetitions (two sets) 

by week four. The training stimulus was increased using the 7RM method 25, when two sets 

of six to eight repetitions were completed with proper form and without pain or discomfort. 
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Squats, lunges, and gluteus maximum extensions, however, did not follow the above 

guideline. These three exercises were performed initially with body weight and loading was 

increased only when proper form was maintained for two sets of 10 repetitions. The number 

of sets completed and the load lifted for each exercise were recorded for each participant at 

every class.

Agility Training—The aims of the Agility Training protocol were to challenge: 1) hand-

eye coordination, 2) foot-eye coordination, 3) dynamic balance, 4) standing and leaning 

balance and 5) psychomotor performance (reaction time). Ball games, relay races, dance 

movements, and obstacle courses were used to achieve these goals. A logbook was 

maintained detailing the content of each week’s classes and is available from the first author 

(TLA). Due to the potential risk of falls in the Agility Training class, participants were given 

KPH® (Tampere, Finland) hip protectors and all instructors provided very close supervision 

and ‘spotting’ as in gymnastics training.

Stretching (Sham Exercise)—The content of the Stretching classes consisted of 

stretching exercises, deep breathing and relaxation techniques, and general posture 

education. There is no evidence that these exercises reduce fall risk 26. This group served to 

control for confounding variables such as physical training received by traveling to the 

community centre for twice-weekly classes, social interaction and changes in lifestyle 

secondary to study participation.

Adverse Events

After each exercise session, participants were questioned about the presence of any adverse 

effects, such as musculoskeletal pain or discomfort. Modifications in training program were 

made on an individual basis as necessary. Any falls that occurred during the classes were 

recorded. All instructors also monitored participants for symptoms of angina and shortness 

of breath.

Statistical Analysis

The data were analysed on an intention to treat basis, using SPSS 27 statistical software. 

Variables that were not normally distributed (sway, hand and foot reaction time) were 

transformed using natural logarithm before comparisons between the groups were made. 

Comparisons of group characteristics and baseline scores were undertaken using a Chi 

Square test for differences in proportions and Students t-tests for differences in means. The 

falls risk scores, fall risk score components, secondary outcome variables, and PASE scores 

measured at the 13- and 25-week retests were compared by forced entry multiple linear 

regression analysis, with baseline scores and experimental group included as independent 

variables in the models. This analysis procedure provides a more precise indication of the 

treatment effect than provided by group by time ANOVAs 27. Post hoc analyses were then 

performed where there were significant main effects use Scheffe corrections. Multivariate 

analysis of variance (MANOVA) with repeated measures was used to examine whether there 

were changes in fall risk at the end of the trial compared with baseline and 3-months in the 

Agility and Resistance Training groups. In these analyses, polynomial contrasts were 

selected giving measures of linear and quadratic (i.e. non-linear or asymptotic) trends.
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Finally, Pearson correlations were computed to determine if changes in the squat load 

normalized for body weight (load change/weight) between the beginning and at the end of 

the intervention period was related to reductions in postural sway in the Resistance Training 

group.

RESULTS

Descriptive Variables, Exercise Adherence and Physical Activity Levels

The mean age of the cohort was 79 (± 3) years. The three groups did not differ in any of the 

descriptive variables (TABLE 2). In the group as a whole, the adherence to the exercise 

classes was 83.3%. The Resistance Training group had an average compliance of 85.4%, 

87.3% for the Agility Training group, and 78.8% for the Stretching group.

Physical activity levels (PASE scores) increased during the 25-week intervention period in 

all three groups (p=0.008). However, these changes did not differ significantly between the 

groups (p=0.60), and changes in PASE scores were not significantly related with changes in 

the primary or any secondary outcome measures (r≤0.114, p≥0.266).

PPA Fall Risk Score, Fall Risk Components and Secondary Outcome Measures

Table 3 shows the baseline, 13-week and 25-week retest results for the fall risk scores, fall 

risk score components and secondary outcome measures for the three study groups (TABLE 

3). The regression analyses revealed a significant difference in one measure only (scores in 

the CB&M Scale) at the mid-point of the trial. Post-hoc test showed that the Agility Training 

group showed significant improvements in this measure compared with the other two 

groups.

At the end of the trial there were group differences for the fall risk score and postural sway 

on the compliant foam rubber mat. The groups did not differ on the remaining falls risk 

component or secondary outcome measures, although for both reaction time tasks, the 

associations approached statistical significance – hand reaction time (F2,94=2.49, p=0.09) 

and foot reaction time (F2,94=2.65, p=0.08).

Post-hoc analyses indicated that both Resistance Training and Agility Training had 

significantly reduced fall risk scores compared with the Stretching group at the end of the 

intervention period. PPA fall risk scores were reduced by 57.3% and 47.5% in the Resistance 

and Agility Training groups respectively, but by only 20.2% in the stretching group. In both 

the Resistance and Agility groups, the reduction in falls risk was mediated primarily by 

improved postural stability, where sway was reduced by 30.6% and 29.2% respectively. In 

contrast, sway showed no significant change in the Stretching group (0.0%)

The Agility and Resistance training groups showed continued improvements in fall risk 

throughout the intervention period (FIGURE 2). The repeated measure MANOVA analysis 

indicated a significant linear contrast (p<0.001) and an insignificant quadratic contrast 

(p=0.15) for change in fall risk in the Resistance Training group. In the Agility Training 

group, there were significant linear (p<0.001) and quadratic contrasts (p<0.05), indicating 

that improvement beyond the mid-point of the trial was less marked.
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Changes in Squat Load and Sway in the Resistance Training Group

Over the trial period, squat load normalized to body weight (load (kg)/weight (kg)) used in 

the exercise regime for the Resistance Training group increased by 16.5% (± 5.2). Increases 

in squat load were significantly associated with reductions in postural sway scores (r=−0.45, 

p<0.01).

Adverse Events

Musculoskeletal complaints (e.g. sore neck, bursitis of the hip) developed in 10 women in 

the Resistance Training group, three in the Agility Training group, and two in the Stretching 

group. All musculoskeletal complaints either resolved or diminished within 3 weeks of onset 

and none required a physician’s attention. Four participants in the Agility Training group 

experienced shortness of breath that required them to desist from participating for 5 minutes 

before continuing. There were two trips (one participant) and six falls (four participants) in 

the Agility Training group. None of the falls in class resulted in injuries requiring medical 

attention.

Falls

Based on the falls diaries, which excluded falls that occurred in classes, there were 18 falls 

in the Resistance Training group (one subject fell seven times), 11 falls in the Agility 

Training group, and 10 falls in the Stretching group during the 25-week intervention period. 

There were 10 frequent fallers, defined as women having more than one fall during the 

intervention period; three in Resistance Training group, five in the Agility Training group 

and two in the Stretching group.

DISCUSSION

We found that both high-intensity resistance training and agility training were effective in 

reducing fall risk compared with a stretching program in older community-dwelling women 

with low bone mass. After 25 weeks of intervention, Resistance Training and Agility 

Training significantly reduced the fall risk score by 57% and 48%, respectively, compared 

with only a 20% reduction in the Stretching group. Based on normative data from the 

Randwick Falls and Fractures Study 20, these changes represent a reduction in the risk of 

falling over 12 months from over 80% to 50–55%.

Of the five components that contribute to the calculation of the fall risk score, we 

hypothesized that postural sway, quadriceps strength, and hand reaction time would be 

amenable to change by the intervention programs. We found that both Resistance Training 

and Agility Training significantly improved postural stability compared with the Stretching 

group, but that the groups did not differ significantly in the tests of strength and reaction 

time at the end of the trial. This indicates that for both groups the reduction in fall risk scores 

was primarily mediated via improved postural stability.

The finding that Agility Training improved postural stability is consistent with previous 

investigations in other populations of older people 4,28,29. However, the finding that 

Resistance Training improved postural stability contrasts with some previous studies 30,31. 
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The inconsistencies in the findings here may relate to differences in the intensity of the 

resistance training programs used across studies. For example, the current study and the 

study by Nelson et al. 32 used high-intensity resistance training programs - 75% to 85% of 

1RM, two sets of six to eight repetitions; and 85% of 1RM, three sets of eight repetitions 

respectively. In contrast, studies with lower intensity interventions such as 70% to 75% of 

1RM, 13 repetition maximum 30, or home-based lower extremity resistance training program 

using therabands or body weight 31 have not been found to be effective in improving 

balance.

Although not reflected by the seated isometric knee extension test, the Resistance Training 

group significantly increased the squat load used in the exercise program. The lack of 

significant improvement in the strength outcome measure may reflect the specificity of 

training (standing squats) that differed from the conditions for testing (seated knee 

extension). The lack of generalization across strength measures has also been reported by 

Murphy and Wilson 33, who found that in athletes who trained with standing squats, 

significant strength gains were demonstrated in a 1 RM standing squat test but not in a 

seated knee extension test. Increases in squat load were significantly associated with 

reductions in sway scores on the compliant foam rubber mat, and this interesting association 

may indicate how resistance training is related to improved balance and reduced falls risk.

It has been postulated that regular exercise may maintain the reactive capacity of older 

people by delaying the deterioration of the dopamine systems, enhancing cerebral 

circulation integrity, and having trophic influence on the neurons that supply the muscle 

fibers 34. There were strong trends that indicated that the agility and resistance training 

groups had faster reaction times at the end of the trial for both a finger and foot-press 

response, but these differences did not reach statistical significance. Significant 

improvements may have been evident with a longer duration of the intervention period or 

with increased power with a slightly larger sample 4.

At the study mid-point (13 weeks), there were few differences among the groups. However, 

for both the Resistance and Agility groups further improvements occurred in the second 

period of the trial, so that significant differences were apparent for the fall risk and postural 

sway measures. This would indicate that trials of six-month duration or more are necessary 

to obtain maximal beneficial intervention effects. Improvement in general balance and 

mobility (CB&M scores) was apparent in the Agility Training group at 13 weeks, but the 

relative improvement over the other groups was not maintained at the study endpoint. This 

may be due to the lack of established protocols and appropriate safe environment for 

progressing an agility training program, compared with a resistance training program. 

Further, all three groups showed improvements in this measure at the end of the trial, which 

may reflect direct participation in the programs, indirect activity associated with attending 

the classes and increased activity outside the program as indicated by the changes in PASE 

scores.

Both the Resistance and Agility exercise programs were feasible for older adults with low 

bone mass. However, the Agility Training program carried a higher risk of falls compared 

with the Resistance Training. Our Agility Training program required considerable planning 
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and many safety precautions. Furthermore, the progression of an agility training program, 

unlike a resistance training program, is not well defined in both the clinical and research 

setting. Although adverse effects also occurred in the Resistance Training group, we contend 

that short-term musculoskeletal complaints are less disabling than sustaining a hip fracture 

from a fall. Thus, we consider that a community-based agility program is more complex to 

deliver outside of the research setting than is a resistance training program. On the other 

hand, it was clear that the Agility Training participants found the program particularly 

enjoyable, and this may enhance long-term compliance.

We acknowledge that the study has certain limitations. First, the interventions were staff 

intensive and their availability in the health system may be limited by cost. Second, the 

primary study outcome was fall risk, as opposed to falls. Thus, future research using falls as 

the primary outcome measure is needed to confirm the role of resistance training and agility 

training in falls prevention in those with low bone mass. It would be also be useful to 

contrast the interventions against proven fall prevention interventions.

In conclusion, we found that both high-intensity resistance training and agility training 

significantly reduced fall risk in older women with low bone mass compared with a 

stretching program. Furthermore, this study demonstrated that this group have the capacity 

to participate in demanding exercise programs with acceptable risk. These exercise programs 

may have particular public health benefits as it has been shown that older women with low 

bone mass are at increased risk of falling as well as sustaining fall-related fractures.
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Figure 1. 
Flow Chart Outlining Number of Participants in Each Study Arm.
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Figure 2. Fall Risk Score
*Significantly different from the Stretching group, p=0.005.
†Significantly different from the Stretching group, p=0.001.

Error bars represent 95% confidence intervals.

Liu-Ambrose et al. Page 14

J Am Geriatr Soc. Author manuscript; available in PMC 2012 May 04.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Liu-Ambrose et al. Page 15

Ta
b

le
 1

PP
A

 S
ho

rt
-F

or
m

 A
ss

es
sm

en
t.

P
PA

 T
as

k
D

es
cr

ip
ti

on
M

ea
su

re

Po
st

ur
al

 S
w

ay
In

di
vi

du
al

s 
w

er
e 

as
ke

d 
to

 s
ta

nd
 a

s 
st

ill
 a

s 
po

ss
ib

le
 f

or
 3

0 
se

co
nd

s 
on

 1
5c

m
 th

ic
k 

m
ed

iu
m

-d
en

si
ty

 f
oa

m
 r

ub
be

r 
m

at
 w

ith
 th

ei
r 

ey
es

 o
pe

n,
 

w
ea

ri
ng

 th
e 

L
or

d 
sw

ay
m

et
er

 20
. T

he
 d

ev
ic

e 
co

ns
is

ts
 o

f 
a 

40
-c

m
 lo

ng
 r

od
 w

ith
 a

 v
er

tic
al

ly
 m

ou
nt

ed
 p

en
 a

t i
ts

 e
nd

. T
he

 r
od

 is
 a

tta
ch

ed
 to

 
th

e 
pa

rt
ic

ip
an

ts
 b

y 
a 

fi
rm

 b
el

t a
nd

 e
xt

en
ds

 p
os

te
ri

or
ly

. T
he

 p
en

 r
ec

or
ds

 s
w

ay
 o

n 
a 

sh
ee

t o
f 

m
ill

im
et

re
 g

ra
ph

 p
ap

er
 f

as
te

ne
d 

to
 th

e 
to

p 
of

 
an

 a
dj

us
ta

bl
e 

he
ig

ht
 ta

bl
e.

To
ta

l s
w

ay
 p

at
h 

(m
m

) 
w

as
 

de
te

rm
in

ed
 f

ro
m

 th
e 

pa
th

 tr
ac

ed
.

Q
ua

dr
ic

ep
s 

St
re

ng
th

A
 s

im
pl

e 
st

ra
in

 g
au

ge
 w

as
 u

se
d 

to
 a

ss
es

s 
do

m
in

an
t q

ua
dr

ic
ep

s 
(i

so
m

et
ri

c)
 s

tr
en

gt
h 

to
 th

e 
ne

ar
es

t 0
.5

 k
ilo

gr
am

. P
ar

tic
ip

an
ts

 w
er

e 
se

at
ed

 
w

ith
 th

e 
hi

p 
an

d 
th

e 
kn

ee
 jo

in
t a

t 9
0 

de
gr

ee
s 

of
 f

le
xi

on
.

T
he

 b
es

t o
f 

th
re

e 
tr

ia
ls

 (
kg

).

H
an

d 
R

ea
ct

io
n 

T
im

e
U

se
d 

a 
lig

ht
 a

s 
th

e 
st

im
ul

us
 a

nd
 d

ep
re

ss
io

n 
of

 a
 s

w
itc

h 
by

 th
e 

fi
ng

er
 a

s 
th

e 
re

sp
on

se
.

T
he

 a
ve

ra
ge

 o
f 

10
 tr

ia
ls

 (
m

se
c)

.

Pr
op

ri
oc

ep
tio

n
Se

at
ed

 p
ar

tic
ip

an
ts

 w
ith

 e
ye

s 
cl

os
ed

 w
er

e 
as

ke
d 

to
 a

lig
n 

th
e 

lo
w

er
 li

m
bs

 o
n 

ei
th

er
 s

id
e 

of
 a

 6
0 

by
 6

0 
cm

 b
y 

1-
cm

-t
hi

ck
 c

le
ar

 a
cr

yl
ic

 
sh

ee
t s

ta
nd

in
g 

on
 e

dg
e 

an
d 

in
sc

ri
be

d 
w

ith
 a

 p
ro

tr
ac

to
r.

T
he

 d
if

fe
re

nc
e 

(d
eg

) 
in

 m
at

ch
in

g 
th

e 
gr

ea
t t

oe
s.

E
dg

e 
C

on
tr

as
t S

en
si

tiv
ity

T
he

 M
el

bo
ur

ne
 E

dg
e 

Te
st

 w
as

 u
se

d 
to

 a
ss

es
s 

th
is

 a
sp

ec
t o

f 
vi

su
al

 f
un

ct
io

n.
 T

hi
s 

te
st

 p
re

se
nt

s 
20

 c
ir

cu
la

r 
pa

tte
rn

s 
co

nt
ai

ni
ng

 e
dg

es
 w

ith
 

re
du

ci
ng

 c
on

tr
as

t. 
C

or
re

ct
 id

en
tif

ic
at

io
n 

of
 th

e 
or

ie
nt

at
io

n 
of

 th
e 

ed
ge

 o
n 

th
e 

pa
tc

he
s 

pr
ov

id
es

 a
 m

ea
su

re
 o

f 
co

nt
ra

st
 s

en
si

tiv
ity

 in
 d

ec
ib

el
 

un
its

 (
dB

),
 w

he
re

 d
B

=
−

10
lo

g 1
0 

co
nt

ra
st

.

N
um

be
r 

of
 th

e 
la

st
 c

or
re

ct
ly

 
id

en
tif

ie
d 

ci
rc

le
 (

dB
).

J Am Geriatr Soc. Author manuscript; available in PMC 2012 May 04.



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Liu-Ambrose et al. Page 16

Table 2

Descriptive Statistics for Descriptor Variables (N = 98).

Variable* Resistance (n=32) Agility (n=34) Stretching (n=32)

Mean (SD) Mean (SD) Mean (SD)

Age (yr) 79.6 (2.1) 78.9 (2.8) 79.5 (3.2)

Height (cm) 160.10 (6.02) 156.96 (6.09) 158.27 (8.41)

Weight (kg) 59.9 (9.4) 62.5 (9.3) 65.2 (12.6)

Prescribed Medications 2.6 (2.3) 3.2 (2.1) 4.1 (3.3)

High Contrast Acuity† 1.49 (0.88) 2.38 (4.42) 1.54 (0.56

Low Contrast Acuity† 2.62 (1.55) 3.77 (4.74 2.86 (1.27)

Tactile Sensitivity‡ 4.40 (0.51) 4.28 (0.49) 4.12 (0.56)

MMSE Score (max 30 points) 28.7 (1.4) 28.6 (1.4) 28.3 (1.9)

Number of Classes Attended 41.0 (9.4) 41.9 (6.1 37.8 (10.1)

Baseline PASE 98.00 (51.78) 83.29 (35.07) 76.30 (30.01)

Fall in Last 4 Weeks§ 5 (15.6) 1 (2.9) 2 (6.3)

Osteoarthritis§ 11 (34.4) 13 (38.2) 17 (53.1)

Osteoarthritis of the Knee§ 5 (15.6) 6 (17.6) 6 (18.8)

Use of Walking Aid§ 4 (12.5) 2 (5.9) 5 (15.6)

*
There were no significant differences among the groups for any measure.

†
Measured in terms of the minimum angle resolvable in minutes of arc.

‡
Measured in logarithms of milligrams pressure.

§
Count (%). Count=Number of “yes” cases within each group. % =Percent of “yes” cases within each group.

J Am Geriatr Soc. Author manuscript; available in PMC 2012 May 04.



C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

Liu-Ambrose et al. Page 17

Table 3

Mean Values (SDs) for the Outcome Measures – Baseline, Midpoint, and Final (N = 98).

Variable* Baseline Midpoint Final

Mean (SD) Mean (SD) Mean (SD)

Resistance (n=32)

Fall Risk Score 2.22 (0.70) 1.39 (0.98) 0.95 (1.01)‡

Postural Sway (mm) 230.10 (93.09) 183.60 (123.19) 159.61 (81.95)§

Quadriceps Strength (kg) 17.2 (7.2) 20.4 (8.4) 18.9 (8.6)

Hand Reaction Time (msec) 328.3 (44.3) 284.1 (49.3) 267.8 (52.3)

Proprioception (deg) 2.2 (2.1) 1.9 (1.0) 1.5 (1.2)

Edge Contrast (dB) 17.8 (2.1) 19.3 (2.0) 19.2 (2.2)

Dorsiflexion Strength (kg) 6.4 (2.2) 7.3 (2.6) 7.6 (2.5)

Foot Reaction Time (msec) 380.5 (81.6) 320.1 (41.6) 331.2 (63.9)

CB&M Scale (out of 85 points) 44.6 (21.6) 49.5 (20.7) 51.2 (21.9)

Agility (n=34)

Fall Risk Score 2.40 (0.86) 1.49 (0.97) 1.26 (0.93)‡

Postural Sway 219.20 (80.26) 179.47 (98.06) 155.26 (91.15)§

Quadriceps Strength 17.0 (6.5) 19.9 (6.2) 17.2 (7.9)

Hand Reaction Time 337.8 (61.4) 298.6 (53.6) 294.9 (55.1)

Proprioception 1.8 (1.2) 1.8 (1.6) 1.5 (1.2)

Edge Contrast 17.3 (2.3) 18.9 (2.1) 18.7 (2.7)

Dorsiflexion Strength 5.1 (2.6) 7.3 (1.9) 6.8 (2.9)

Foot Reaction Time 379.0 (67.8) 340.2 (68.1) 353.9 (61.6)

CB&M Scale 39.9 (17.5) 51.5 (15.5)† 48.9 (16.4)

Stretching (n=32)

Fall Risk Score 1.92 (0.83) 1.50 (0.95) 1.53 (1.21)

Postural Sway 216.97 (104.72) 196.60 (122.94) 217.35 (148.25)

Quadriceps Strength 16.1 (7.2) 19.2 (7.2) 17.5 (6.4)

Hand Reaction Time 307.6 (43.1) 290.5 (49.1) 280.7 (60.2)

Proprioception 1.7 (0.9) 2.0 (1.6) 1.8 (1.2)

Edge Contrast 18.0 (1.5) 18.8 (1.8) 18.6 (1.9)

Dorsiflexion Strength 5.4 (2.9) 6.4 (2.8) 6.3 (2.4)

Foot Reaction Time 362.8 (57.6) 332.3 (49.8) 345.2 (57.5)

CB&M Scale 40.4 (18.3) 45.8 (17.8) 45.0(17.4)

*
High fall risk scores, high sway values, high reaction time values, low quadriceps strength values, and low edge contrast scores indicate impaired 

performances. For the CB&M Scale (Community Balance and Mobility Scale), a higher score indicates better physical function.

†
Significantly different from the Resistance Training and the Stretching group at p<0.05.

‡
Significantly different from the Stretching group at p<0.01.

§
Significantly different from the Stretching group at p<0.05.
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