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The Effect of a 12-Month Exercise Trial on Balance,
Strength, and Falls in Older Women: A Randomized

Controlled Trial

Stephen R. Lord, PhD,” Jobn A. Ward, MBBS, FRACP, MSc,” Philippa Williams, BSS,” and

Maureen Strudwick, B App Sci (OT), M Ed"

OBJECTIVE: To determine whether a 12-month program of
regular exercise can improve balance, reaction time, neuro-
muscuiar concrol, and muscle strength and reduce the rate of
falling in older women.

DESIGN: A randomized, controlled trial of 12 months dura-
uon,

SETTING: Conducred as part of the Randwick Falls and
Fracrures Study in Sydney, Australia.

PARTICIPANTS: One hundred ninery-seven women aged 60
to 83 vears (mean age 71.6, 8D = 5.4) who were randomly
recruited from the community.

QUTCOME MEASURES: Accidenral falls, postural sway,
reacrion time, netromuscular control, and lower limb muscle
strength.

MAIN RESULTS: Exercise and control subjects were rested
before, midway through, and ar the end of the trial. At initial
testing, exercisers and controls performed similarly in all tests
and were well matched in relevant health and lifestyle factors.
The mean number of classes atended for the 75 exercise
subjects who completed the program was 60.0 (range 26-
82). Ar the end of the trial, the exercise subjects showed
improved performance in all five strength measures, in reac-
tion time, neuromuscular control, body sway on a firm sur-
face with the eves open, and bedy sway on a compliant
surface with the eves open and closed. In contrast, there werc
no significant improvements in any of the test measures in the
controls. Tn one test measure, hip flaxion strength, the exer-
cisers showed continued improvement throughour the study
vear. There was no significant difference in the proportion of
fallevs berween the exercise and control subjects. Interesting
trends were evident, however, berween falls frequency and
adherence to the exercise program.

CONCLUSIONS: These findings show that exercise can pro-
duce long-term benefis with regard ro improving sensorim-
otor function in older persons. The findings also suggesr that
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high compliance to an exercise program mav reduge <
frequency, although further studies are required o sy,
sively demonstrate thac exercise offers an effective means o
preventing falls. ] Am Geriaer Soc 43:1198-1206, 1993,

Exercise ts considered to be a universally accessible an,
inexpensive form of prevention that is noninvasive 1
under proper supervision carries tew risks.! However, whylc
the role of exercise in the mainrenance of good health ane
mobilirv in older adules is generally accepred, the speas.
henefits of different rypes of exercise on various physiolog s
systems is still largely in question, particularly with regard ry
the physiological systems that contribute to stabiliry.*

Several studies have found that adherence to a regular
exercise program can significantly improve muscle
srrengeh, = and in rwo studies a significant improvernent 1n
reacrion time following regular exercise programs has been
found.*'" The studies that have measured the effecs or
exercise trials on balance control, however, have produced
conflicting results, Era'! and Johansson and Jarnlo'* have
reported significant improvements in measures of postura;
sway following exercise trials, while Crilly et al.,' Lichren.
stein et al,'? and McMurdo and Rennie'? have reporrcd
weak to negligible effects of exercisc training on body sway . &
study by Parsons et al.'® thar assessed the effect of exercisc
training on balance, using stable and moving platforms.
found 2 significant improvement on the moving platiorm
only.

All of rhese trials thar have examined the effects or
exercise on sensorimotor and balance paramerers have beer
of a pilot nature and have had small sampie sizes, usuallx
between 10 and 50 subjects. Other limirations have included
inadequate compliance with the exercise programs. high
drop-out rates of up to 50%, baseline differences betwusn
intervention and control groups, and ineffective or inxde
quate duration of exercise programs.

Although the existing evidence is sufficient o sugac-t
that older people should exercise, further studies are
quired, particularly with regard to exercise Tvpe. intenmt.
frequency, and durarion, to elucidare the role exercise -
play in improving senserimotor funcrion in older poupt
Such research has important practical implications s
as it has been found in ¢ross-secrional studies that imp.
strength, reaction time and stability are assoclared with talis
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in older persons,'® ™' although it is yet to be shown whether
exercise inrerventions can preven falls.'®

In this study we have arrempted to address these issues by
updertaking a long-term, randomized, controlled trial of
exercise in a sample of pearly 200 older women recruited
from the community. Qur aim was to a5§ess wherher exercise
has beneficial effects on muscle strength, neuromuscular con-
wrol, reaction time, and body sway and whether such an
exercise progeam can play a role in reducing falls frequency.

. METHODS

Subjects

The sample comprised women aged 60 years and older
who took part in the Randwick Falls and Fractures Srudy
berween 1988 and 1991 2° The women, who were living
independently in the community, were initially recruired
from 64 randomly selected Census collector’s districes in the
Randwick local government area in Sydney, Australia. All
women aged 65 years and older living within these districts
wwho were identified using extracted information from the
electoral roll) were invited ro take part in the study. The only
exclusion criteria were not living at the dwelling at the time of
the study or having no or very little English. Seven hundred
four women (60% of those eligible) parricipated in the initial
phase of the study, that is, they completed a structured
interview containing questions abourt falls frequency and
relared health and lifestyle factors. No significant difierences
were found herween the initial study sample and the reference
popnlation wirh regard 1o age-structure, marital status, and
employment status (whether or not still in the work force). A
full description of the sample characteristics and recruitment
procedures for the Randwick Falls and Fractures study have
been reported elsewhere,™

In early 19292, the coded identification numbers of 374
subjects from the Randwick Falls and Fractures Study were
randomiyv assigned 1o either the exercise of contro} recruit-
tent pools so as to have equal numbers in each pool, Ar this
stage, it was found that nine women had died since raking
part in the initial survey, and 21 were not living at the same
address. A further 35 women could nor be conracted despire
six artemprs (three lerters apd rhree home wvisirs), Women
were excluded from raking part if they were ill and/or immo-
bile, were in the hospiral. had a medical condition 1nvolving
the nenromuscular, skeleral, or cardiovascular svsrem that
preciuded taking part in an exercise program (as determined
by a phyvsician at prerest), had lirtle English, or were already
arrending excrcise classes of equivalent intensity to the study
mrervention. The number of women in each exclusion cate-
gory and the pumber of women who declined to take part for
both rhe exercise and control groups are shown in Table 1.

One hundred ninety-seven women (74.1% of those eli-
gible) took part in the exercise trial. The mean age of the 100
- Women in the excrcise group was 71,6 years (5D = 5.5},

hich was almost identical with the mean age of the 97
ontrols - 71.7 years (SD = 5.3), (tjo5 = .06, P = .95}, The
xercise and control groups were also well matched for height
xercisers: mean = 1.58 m, 5D = 0.60; controls: mean =

| e A SD = (.66), and weight (exerciscrs: mean = 66.5 kg,

‘3D = 12.0; controls: mean = 64,9 kg 5D = 14.5) and werc
milar across a number of health and lifestyle measures.
T able 2 shows the numbers and proportions in each group
ho reported medical condirions, £zlls, instabiliry, drug use,

Table 1. Number of Woraen Who Were Excluded from the Study
or Who Declined to Parucipate

Exercisers Controls

Exciusions

Il and/ar immabile 14 12

in hospital 2 2

At medical assessment 2

Attending exercise classes -- 4 1

Poor English 2 0
Total excluded 28 15
Declined

Too busy 17 <]

Not interested 24 22
Total declined 41 28

Table 2. Mcdical Condirions, Stability, Drug Use and Inactivity
at Pretest

Exercisers Controls
n (%) n (%)

Medical condltions

Ostecarthritis 35 (35.0) 25 (?5.8)
High blood pressure a7 (37.0) 26 (26.8)
Heart disease 10 (10.0) 13 (13.4)
Stability
1+ falls® 28 (26.0) 25 (28.9)
Falts risk™ 37 (37.0) 356 (36.1)
Unsteadiness® 8 (80) 5 (B.2)
Drug use
4+ drugs 22 (22.0) 18 (19.8)
Cardiovascular system drugs 45 (45.0) 39 {40.5)
Central nervous system drugs 35 (35.0) 29 (29.9)
Psychoactives 26 (26.0) 20 (20.6)
Nonsteroid anti-inflammatory agents 24 (24.0) 17 (17.5)
Inactivity

15 (15.0) 7 (7.2)
60 (60.0) 47 (4B.5)
23 (23.0) 22 (22.7)

Walk <15 min®
<1 planned walk/week
=4 hr activity/day’

= Number of falls in the initial prospecnve study 112-month tullow-up..

t Subjecnve fall risk: modthigh ve low.

¢ Lipsieadiness: those who rated their balance as unsteady rather than steady,

% ¢:an walk for only 15 minutes or jess before needing a rest.

| Participarion in erganized spores and activities, planned walks, and peneral
activiry (i.x., walking, pardening).

Chi-squate teses for cross-rabutation tables revealed no significant differences
benween exarcisers and contraols.

and inactivity. The presence of one or more of these condi-
tions did not preclude any of the exercise subjects from taking
part in the program.-

The Exercise Program
The exercise classes, part of an existing commurnity- .

based program, were held in two sites within the Randwick 3 z

local government area (a community hall and a public hospi- §
tal) that were casily accessible by public cransport. This -
program followed the New South Wales State Schools time-
table. Classes ceased during school holidays, allowing partic-
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ipants to plan their own holidays and take part in other
" activitics such as caring for grandchildren.

The exercisers participated in approximately 1-hour ex-
ercise sesstons twice weekly for four 10 o 12-week terms
(with 2-week interrerm breaks and a 5- week Christmas/
Summer holiday break). The classes were divided into four
sections: a 5-minute warm up period, a 35-minute condition-
ing period, a 15- minute strerching period, and a § to 10-
minute relaxation (¢ool down) period.®* The exercises were
undertaken as group activities, with @ major emphasis on
social interaction and enjoyment. Most of the activitics were
done with the accompanimenr of music.

Warm-Up Period

The warm-up period commenced with moderate paced
walking. Afrer 2 ro 3 minures, arm movements wete included
to incresse heart cate,

Conditioning Period

The conditioning period contained aerobic exercises,
strengrhening exereises, and activities for balance, flexibility,
endurance, and hand-eve and foor-eye coordinarion.

The aerobic exercises invalved conrinuous movement of
the legs and rrunk and intermitrent movement of the arms.
The leg movements were designed to use the full range of
movement of the hip, knes and ankle joints, and to condition
and strengrhen all major muscle groups. These included
movements that extend, flex, abducr, adducr and rotate the
leg and foor such as side-stepping; fast walking; forward and
backward stepping; leg lifts; placing foor to the front, side
and behind; knee bends; forward and side lunging and heel
rises.

The crunk movements were designed to maintain flexi-
bility of the spine, and to condition and strengthen the back,
chest, abdominal, and pelvic floor muscle groups. These
included movements that rotate, flex, and extend the neck,
back, and pelvis such as twisting the upper body, body bends,
neck side flexion and rotation, knee lifts, opposite elbow to
raised knee, pelvie rocking, pelvic floor contractions, and
belly dancing techniques.

The arm movements were designed to use the full range
of movement of the shoulder, elbow, and wrist joints and to
strengehen all major muscle groups. These included move-
ments, such as circling the arms, biceps curls, bench press,
upright row, short and long arm shoulder lever, mock box-
ing, shoulder rolls, and shrugs, that extend, flex, abduct,
adduet, and rotate the arm and hand

The activities for balance and hand-eye and foot-eye
coordination included standing on one leg with the other leg
raised, ballgames requiring catching with one hand while
standing or moving, kicking a moving ball, throwing to a
moving target, running under a skipping rope, and team
ballgames.

Strengthening exercises included lifting one’s own body
weighr (e.g., modified push-ups) and opposing muscle groups
resistance exercises (eg., while seated and lifting a leg off the
floot while resisting movement with the hand pressing down
on the knees).

Stretching

Participants undertook the stretching exercises while
sitting on a chair or en the floor. All muscle groups were
stretched. The muscles were slowly elongated and held for at

least 20 seconds. Participants were encouraged to breath ang
relax throughout each strerch.

Relaxation

In this period, participants sat on a chair or on the flogr
or lay on the floor. A variety of techniques were used, includ-
ing muscle relaxation, concentration on specific body areag,
controlled breathing, and guided imagery.*

Sensorimotor Function Assessments

The assessment, which took approximately 20 minutes,
included rests of muscle strength, reaction time, neucomuscy-
lar control, and body sway, These rest measures were chosen
to gain quantitative measurements of the physiological sys.
tems outlined in our conceprual model®? as major conrriby
tors 1o balance conerol, in which exercise could thenrericail.
have a benefcial effect an funcrion. The tests were adminis-
tered by two investigators (SL and PW), who were not blind
to treatment status. Identical test procedure instructions
were, therefore, given o all subjects in both treatmen:
groups. The subjects were tested ar 2 balance and gait labo-
ratory at the University of New South Wales before the rria,
at 22 weeks, and ar the end of the 12-month trial.

Musele Strength

The strength of five muscle groups in the dominane leg
was measured. Testing of the hip and knee muscle groups was
performed using a strap assembly, incorporaring a strajn
gauge load cell, which was connected ro an amplifier wich the
outgoing signal recorded on a chart recorder.

The hip flexors and extensors were measured while the
subject was standing by placing a strap around the subject’s
leg just proximal to che knee joinr. The subject’s worso was
supported by a padded rest during the tests to minimize
recruitment of other muscle groups. The knee flexors and
exrensors were measured while the subject was sitting on a
tall chair by placing a strap around the leg just proximal to
the ankle joint. In three experimental crials per muscle group.
the subject pulled against the strap assembly wich maximal
force, with the greatest force for each muscle group recorded.

The testing of the ankle dorsiflexion was performed
using a specially designed ankle strength cesting device which
used a pivoted platform attached to a strain gauge load cell
and conpected to the same instruments as above. While the
subject was sitting on a tall chair, the foot was secured to the
pivoted platform. In three experimental trials, the subject
attempted to maximally dorsiflex in the device and the great-
est force was recorded.

Reaction Time

Reaction time was assessed using a simple reaction time
paradigm, employing a light as the stimulus and depression of
a switch by che foor as the response. The seated subject placed
the dominanr foot on a footrest hinged to a base plate. A
switch recorded how quickly the footrest was pressed. A
variable delay berween depression of the experimenter’s
switch and the activation of the timer and the lighe stimulu=
{1-5 seconds) climinated the auditory cue of the experiment-
er’s switch. Subjects had 10 practice trials and 10 experimen-
tal erials.

Neuwromuscular Control
Meuromuscular control was measured using the same
appararus as was used for measuring reaction time. In rhis
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task, the subject (again seared) pressed and depressed the
foorrest with the dominant foor as many times as possible in
a period of 8 seconds. The switch below the baseplate re-
corded haw many trimes the footrest was pressed. The subject
had a number of pracrice trials with the device and then
undertook two experimental trials, with the higher number
of footrest presses taken as the measure of neuromuscular
conrrol,

Body Sway

Body sway was measured using a sway meter. The device
-onsisted of a rod attached to the subject at the waist level by
a firm belt. A pen mounted vertically at the end of the rod
recorded the movements of the subject on a sheet of graph
paper (with a millimeter square grid), which was fastened to
the top of an adjustable height table. The subject was in-
srructed to stand with feet comfortably apart on a firm base
as motionless as possible for a period of 30 seconds while
fixating 2 point ar eye level at a distance of 3 merers. The test
procedure was then repeated under a further three condi-
rions; standing on a firm base with the eyes closed, standing
on high density foam rubber (70 em by 62 cm by 15 cm thick)
with the cyes open, and standing on the foam rubber with the
eves closed. The foam was used to reduce proprioceptive
nput from the ankles so that subjects were required to rely on
visnal and/or vestibular cues to mainrain a steady stance.
Toral sway (number of square millimeter squares traversed)
in the 30-second test periods were recorded for the four test
conditions.

Eull descriptions of the apparatus and procedutes, along
with test-retest reliability scores for the rest measures, have
been reported elsewhere.™

Falls Definitions and Follow-up Procedure

For the purposes of this study, a fall was defined as an
event thar resulted in a person coming to rest unintentionally
on the ground or other lower level, not as the resulr of a major
inrrinsic evenr or an overwhelming hazard.’® Details on fall
tvpes, injuries, and locations was also obrained. An attempt
was made to distinguish those who suffered the occasional
accidensal fall from those who suffered partern ot Intonsic
falls.” " As such, an accidental faller was defined as a subject
who {11 fell one time only in the follow-up vear, (2] fell as a
result of a mwip or a slip, bur not because of poor balance, legs
giving way. or if they were not sure what cansed the fall, and
(3} stared that they would have fallen in the same circum-
stances if they were 30 years younger.?’ Questionnaires were
mailed ro excreise and control subjects every 2 months, along
with a reply paid envelope. If subjects failed to retorn the
guestionnaire, further contact was made by telephone inter-
VIEW,.

Stadstical Analysis
Sensorimotor Performarnce

Chi-square tests for cross-tabulation tables and Studenrs
¢ tests were used to compare the prevalence of health and
Rfestyle facrors and the means of the test measures of the
exercise and control groups at initial assessment. A repeated
easures multiple analysis of variance was used to compare
¢hanges in test performance at the end of the program (a

4

within subjects facror) between the excrcise and control
groups (a berween subijects factor). Univariate analyses were

then performed to assess which of the individual strengeh,
speed, and sway variables demonsrrated significant differ-
ences. As the sway measures had right skewed distributions,
logarithms of these variables were calculated and examined
in the analyses. Mulriple analysis of variznee wirh repeared
measures was also used to examine whether there were
changes in the sensorimotor and balance rest measures ar the
cnd of the srudy year (compared with ba seline and 22 weeks)
in the exercise subjecrs, In these analyses, polvnomial con-
trasts were selected, giving measures of linear and gquadratic
(i.e., nonlinear or asymptoric) trends. Finally, chi-square tests
for cross-tabulation rables were used to compare the propor-
tions of subjects in each group who recorded distincr im-
provements in the rests (defined as a 10% increase in the
strength tests, a 5% reduction of reaction time, & 5% increase
in neuromuscular control, and a 10% reduerion in the sway
rests).

Falls

Compariscns of falls frequency berween the groups was
undertaken using three methods: (1) caleulating the roral
number of falls in each group, (2) calcularing the number of
fallers in each group (i.c., those who fell one or more times in
the follow-up vear) and (3) caleulating the number of multi-
ple fallers in each group (i.e., those whe fell rwo or more
times in the follow-up year). The proportion who suffered
“nonaccidental™ falls and “balance-related” falls were also
determined. Finally, falling rares among low and high adher-
ers to the exercise program were compared. The data were
analysed using the SPSS compurter package.™

RESULTS

Attendance and Adberence

Of the 100 subjeers whe were recruited into the study as
exercise subjects, 75 arrended 26 or more classes throughour
the study year and were available for the 12-month retest. Of

Table 3. Mean Values (SDs} for the Test Measures at Pretest

Exercisers  Controls
{n = 100 {n = 97)
Strength (kg force)

Ankle dorsiflexion 76 (2.5 7.5 (2.3
Knee extension 208 (6.9 223 (8.5
Knee flexion 1241 (39 121 4.3
Hip extermsion 21,4 (8.0) 204 (B.4)
Hip flexion 728 (6.8) 233 (7.8
Reaction time (msecs) 286 (64.0) 281 (44.0)

Neuromusc contral (taps/8 secs) 302 (6.1) 314 (6.8)

Sway (mrm squares fravarsed in

30 secs)
Eyes open (floor) 59 (22.0) 60 (30.0)
Eyes closad (floor) 76 47.0) 77 (39.0) .
Eyas open {foam) 106 {47.00) 117 (85.0)
Eyes clased {foam) 163 (88.0) 167 (7B.0)

Srudents ¢ tests revealed no signifieant differences between exercieess and cop-
erols. :

F.B84-689
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thp 25 subjects who failed to complete the program, three
did, one suffered a stroke, two suffered an injurious fall, four
had medical conditions that precluded continued participa-
tion: arthritis (2), vertigo, leg laceration, and two moved
from the study area. The remaining 13 subjects dropped our
at or before the mid-point of the study, attending between
one and 14 classes.

The mean number of classes artended for che 735 exercis-
ers who adhered to the program was 60.0 (73.2%). The range
was 26—82 classes (32%-100%) with 59 subjects (79%)
attending 50 or morte classes. Five subjects who dropped out
of the program, who atended berween one and 14 sessions,
were also retested for sensoriroror function at the end of the
trial. The number of sessions artended (when inciuding the
resules of the dropour subjects) was significantly associated
with degree of improvement in the tests of reaction time and
knee Hexion strengeh {#r = 25, P =< .05 and r = .24, P = .03
respectively),

Effects of Exercise on Sensorimotor Function

The mean values plus standard deviations for the cest
measures at mitlal assessment for the 100 exercigers and 57
controls recruized ineo the program are shown in Table 3. The
baseline scores were very similar with no statistically signifi-
cant differences between the groups. Further, no significant
differences in cthe baseline test measures were evident when

data from the 75 exercisers who completed the trial and the
76 controls available for rerest were compared. These re.
tested sub-groups also did not differ on any of the health ang
lifestyle measures.

Mean scores for the test measures at baseline, 23-weeks,
and 12 months for the exercisers who completed the progeam
and the controls available for rerest ar the end of the 12
maonth rrial are shown in Table 4. The muleiple analysis of
variance revealed a significant group by time effect (F,, 5 =
8.15, P =< .001), indicating an improvement n the test mea-
sures in the intervention group but lirtle or no change in the
control group. Compared with baseline scores, the univariage
analyses showed performance of exercise subjects improved
significantly in all tests with the exception of sway with eves
open on the floor at the 22-weck retest and ail tests with che
exception of sway with eyes closed on the floor az the 12
monch rerest. The control subjects recorded a small improve-
ment in one test: ankle dorsiflexion strength, bur in all other
rests, 12-month reresr scores were similar to or worse than
test scores at baseline. A similar partern was also evident
when retest performancecs were measured for whether sub-
jects achieved distinct gains (Table 5).

The exercise group maintained improvement throughour
the program in most tests as indicated by similar test scoves ar
22 weeks and 12 months. Exercisers, however, showed con-
tinued improvement in hip extension as indicared by a signif-

Table 4. Mean Values {SDs) for the Test Measures—Baseline, 22 Weeks and 12 Months

Pretest 22 Weeks 12 Menths
Exercisers (h = 75)
Strength (kg force)
Arkle dorsiflexion 7.8 (24) 8.0 @1 9.0 (1.8
Krnee extension 22268 26.8 (8.1 28.1 (9.5
Knee flexion 12.4 (3.9) 14.2 (4.0 13.9 4.1
Hip extension 226(79) 23.7 (7.7 24.7(8.0)
Hip flexion 239(6.7) 27.0 (6.9 28.1 (7.8)"
Reaction time (msaas) 275 (35) 262 (30) 270 (31)"
Newromusc control (taps/8s) 30.4 (6.1) 32959 32.7 (5.5
Sway (mm squares traversed in 30 secs)
Eyes open (flaor} 57 (23) 52 (24) 53 (29}
Eves closed (floor) 75 (51) 65 (28)° 70 {37)
Eyes open (foam) 98 (45) 83 (38) a5 (29)y
Eyes clused (foam) 159 (67) 138 (57) 148 (B4)”
Controis (n = 76)
Strength (kg force)
Ankle dorsiflexion 7.7 (2.2 8.0 (2.1) 82223
Kree extension £3.8 (8.6) 23.7 (8.1) 23.0 (8.5}
Knee flexion 12.6 (4.4) 12.0 {4.5) 11.7 (4.4}
Hip extansion 21.1 (8.3) 20.4 {7.8) 19.7 (7.3}
Hip flexion 24.3 (7.7) 23.9(7.6) 24.0(B.2)
Reaction time (msacs) 279 {42) 284 (34) 290 (42)
Newomusc cantrol (taps/8s) 31.6 (6.4) 3667 31.7 (5.8)
Sway fmm squares fraversed in 30 secs)
Eves open (flacr) 25) 62 (35) 65 (28)
Eyes closed {floor) 35) B4 (62) B0 (37)
Eyes vpen (foam) 1‘11 58) 106 (60) 110 (48)
Eyes closed (foam) 162 (65) 183 (79) 176 (87)

Increases in che rests of sirength and neuromuscudae control and decreases in che tests of reaction time and sway indicare improvements.

MAMNOVA Univariate comparisons made wich precesn *F < .05, **P = .01.
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Table 5. Mumber and Percentage of Subjects Who Recorded
Distinct’ Improvements in the Physiologica

} Tests at Retest

Exercisers Controls
(n=75 [n=78
strength (kg force)
Arkie dorsiflexion 42 (56,07 29 (38.2)
Knee exiension 57 (76.0) 20 (26.3)
Kree flexion a0 (53.3)™ 17 (22.4)
Hip extension 35 (46.7)" 19 (25.0)
Hip flexion 49 (65.3 21 (27.6)
Reaction time (msecs) 28 (373 14 (18.4)
Neuromusc control (taps/8 secs) 46 (61.3) 33 (43.4)
Sway (mm squares traversed in
30 secs)
Eyes open (floor} 42 (56.0)™ 24 (31.8)
Eyes closed (floor) 44 (45.3)™ 17 (22.4)
Eyes open (foam) 35 (46.7) 26 {34.2)
Eyes closed (foam) 37 (49.3) 285 (56.9)

+ Defined as 10% increase in the strength tests, 2 5% redvction of reaction time.
a 5% increase in nearomuscular conrrol, and 8 10%

reduction in the sway tests.

Comparisons made using chi-sguare wests tor cross-tabulation tubles: *P = 05 %P
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icant linear contrast (F < .001) and a nonsignificant qua-
dratic contrast (P = 972} in the multiple analvsis of vanance
test. lmprovement was also evident in hip flexion strength
{linear contrast significant at P < 001) although the qua-
draric contrast was alse signiheant (P = .049), indicanng that
further improvement was less marked. Figure 1 shows the
percentage changes from haseline in the knee and hip muscle
strength groups for the exercise and contral groups ar 21
weeks and 12 months,

Falls

Table 6 shows details of falls frequency and types for the
75 exercisers who complied with the program and 94 control
subjects - the 76 who underwent the 12-month retests and an
addirional 18 who completed the falls follow-up component
only {Table 6). When analyzing falls of all types, a similar
percentage of exercisers and controls fell in the study year.
However, there were notable differences when comparing
particular fall types.

A significantly prearer percentage of conrrels cited the
causes of their falls to be balance-related. i.e., a loss of
balance, legs giving way and “not sure,” than did exercisers.
There were also trends indicating that fewer exercisers suf-
fered falls within their homes or “nonaccidental” falls in the
follow-up year (i.c., falls other than a single trip or slip in
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. Figure 1. Mean knee and hip muscle strength scores at baseline, 22 wecks, and 12 months, Solid line - exercisers; dashed line - controls.
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Table 6.Falls in the Exerciser and Control Groups

Exercisers Controls

Falls Measure n=75 n=94 RR (85% CI)"
One or more falls 26 (34.7) 33 (35.1) 0.99 (0.65-1.50)
Two ormore falls 8 (10.7) 12(12.8) 0.84 (0.36-1.94)
Balance falls 4 (8.3} 1600170y 0.31(0.11-0.90)
Nomaceidental 13(17.3) 23 (24.5) 0.71 {0.38-1.30)

falls
Crne or more falls 7 (9.3) 12(12.8) 0.73(0.30-1.77)

insicde

= Relutive risk statistic compares exercisers (o = 75 with controls {n = 94).

which the subjecr seated char they would have fallen in the
same circumstances if they had been 30 years younger).

Notable trends were also evidenr berween falls frequency
and adherence ro the exvercise program. Exercisers who at-
tended 75% or more of the classes suffered fewer falls (as
indicated by all falls measures) than either exercisers who
attended less than 73% of the classes or conrrol subjects
(Table 7). When compared with failing frequency before the
commencement of the study,'” the incidence of multiple
falling in the high adherers group was halved (declining from
12.5% to 6.3%), while the prevalence of muleiple falling in
the low adherers remained the same (ac 14.5% ) and was little
changed in the controls (13.8% before the trial and 12.8% in
the follow-up year). In total, there were 22 falls in the 48 high
adherers (45.8/100 subjects) compared with 18 falls in the 27
low adherers {66.6/100 subjects) and 39 falls in the 24
controls (62.8/100 subjects).

DISCUSSION

The findings of this large-scale, randomized, controlled
erial of exercise in older people revealed significant improve-
ments i all five lower limb strength measures, reaction rime,
neuromuscular control, and three of rthe four sway measures
in the exercisers, with no significant changes evident in the
contrel group. Clearly, the program was of sufficient duea-
tion and the exercise sumulus sufficiently intensive to result in
considerable improvement in sensorimotor function in the
exercisers.

The exercise program was found to be safe, with no
medical incidents occurring. The subjects found the program
enjoyable, which is evident by the high compliance and the

Table 7. Falls in Low Adherer and High Adherer Groups

Low High
Adherers Adherers

Falls Measure n=27 n = 48 RR (85% Ch*
One or mora falls 12 (44.4) 14 (2%.2) 0.83 (0.49-1.40)
Two or more falls 4 {14.8) 3(6.3) 0.49(0.15-1.65)
Balance falls 2(7.4) 2{4.2) 0.24(0.08-1.02)
Nonaccidental 7(259) 6&(12.5 0.51@Q.22-1.17)

falts
One or mare falls 4 (14.8)  3(6.3)  0.49 (0.15-1.65)

inside

* Relacive risk staristic compares high adherers (n = 48) with contrals (n = 24},

very low drop-out rate. Even when including those why
discontinued the program because of illness, injury, angd
death, the dropout rate of only 25% is well below the usyg)
figures reported for such interventions of the duration of the
present study.”” Facrors that may have played roles in ensyr.
ing that the program was successful included: exercise clagge
held in venues that were easily accessible; classes run by
personnel trained in cunning such programs for oldet people:
rationale for the study and the assessment measures ex.
plained clearly to both exercise and control subjects; and
feedback provided o all subjects regarding their perfor.
mances in the tests at the completion of the program,

It should be noted, however, that one inherenrt livnitation
in a study of this type is that the subjects can not be blinded «
their “trearment” condition. Thas, the exercise subjecrs wer.
aware that they were receiving the intervention, and it i
possibie that part of the improvement noted at retest in this
group may have been caused by increased motivation anpd
effort cxpended in the tests of strengeh, reaction time, and
neuromuscular control. Such a confound, however, is un-
likely to have occurred in the sway tests, as chese tests do not
rely on maximal performance. A second study limination i
the possibility of experimenter bias inasmuch as the inveszi-
garors who assessed the subjects were nor blind to rreatmes;
STaTHS,

Previous studies have found thar exercise can improve
muscle s.u'erag]:hj although many of these trials have cmplnycd
heavy resistance training requiring either weights or equip-
ment.*~¥ The findings of the current study show that strye-
rured “general™ exercise can also improve lower limb muscle
strengrh significantly . The pracrical implicarion of this is thar
older people will be more likely to participate, and remain in.
exercise programs that employ enjoyable group activities
rather than programs that base the intervention on specific.
repetitive muscle group exercises.

The exercise intervention had small effect on reducing
sway when subjects were standing on a firm surface but
greater effect in the test condirions thar stressed stabiliry, that
is, the tests undertaken on foam rubber. In previous stud-
tes,** % we have found thar measures of lower limb sensa.
tion, such as tactile sensitivity, vibration sense, and proprio-
ception, were the best sensorimotor predictors of sway under
normal conditions (i.e., when subjects were standing on a
firm surface), whereas vnder more challenging conditions
{when subjects were standing on foam rtubber), vision,
strength and reaction time alsa played significant roles. It is
possible thar the improvement in the sway tests undertaken
on the foam rubber may have been mediared, at least in parr,
by concurrent improvements in muscle strength, neuromus-
cular control, and reaction time. In contrast, it is likely that
exercise has lirtle effect on peripheral sensory systems, which
may be reflected in similar sway measures on the fivm surface
in borh exercisers and nonexercisers. Complementary mea-
sures of stability, such as responses 1o self-initiated or exter-
nally produced pereurbations, may also assist in elucidaring
the mechanisms by which exercise can improve halance con-
trob.

The improvement in reaction time in the exerciscrs is
consistent with published studies and supports the suggestion
by Rudisill and Toole that older inactive persons can avoid or
minimize increases in their central processing time wirhout
having had a liferime of physical activity.” The significant
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improvement in neuromuscular control in the cxercisers sug-
zests thar this may also be the case for this parameteér.

In most measures, the improved performances found in
the tests at the study mid-point in the exercisers were main-
rained at 12 months, and in one test measure, hip tlexion
strength, the exercisers showed further improvemeni in the
cecond half of the study vear. Performances in reaction time
and swav with the eyes closed, however, were intermediate
hetween baseline and mid-point scores. Monetheless, it ap-
pears that exercise may reduce age-related declines in these
parameters 4 apparent progressive functional declines were
evident in the controls,

There was no significant difference in the proportion of
fallers between the exercise and control subjecrs. There were,
however, certain interesring trends. There was a trend indi-
caring that falls frequency was related to attendance, with the
lowest falling rate noted in exercisers who atrended 75% or
more of the classes, Furthermore, fewer fallers in the exercise
group stated that their falls were due to a loss of balance or
lower limb weakness than did fallers in the control group,
and fewer exercisers suffered nonaccidenval falls or falls
within ther homes - measures that may indicate fewer intrin-
sic or pattern falls. It is acknowledged, however, that as the
subjects were aware of their trearment condirions, the find-
ings relating to fall sub-types should be viewed with caution.

Multiple falling was alsa less frequent in the exercisers,
where a power analysis revealed thar group sizes of 200
would have revealed significant differences in mulriple falling
rates between exercise complicrs and controls. A number of
recent studies that have atrempted to elucidare risk factors for
falling have focused on multiple or recurrent falls as their
outeotne measure.'*2%2% This measure bas been adopted
since it has been suggeseed that identifying factors related to
multiple falling may be more important than identifying
factors associated with single falls; single falls are less predict-
able whereas multiple falling may indicate chronic disorders
or significant physiological impairment.***® The sizeable re-
duction in mulriple falls frequency among the high exercise
adherers suggests that multiple falling may also be a salient
outcome measure when examining the effects of interventions
such as exercise.

It is clear that a uniform exercise program will not
provide a complete intervention for falls prevention, apare
ftom other independent risk factors such as medicarion use
and cognirive impairment; postural control also relies heavily
upon sensory inputs, particularly vision and peripheral sen-
sation®™ 2 - phystological systems for which exercise may
have little or no therapeuric effect. Dual interventions aimed
at improving vision in addition to improving balance and
strength through exercise may prove to be more effective in
reducing falls. Nevertheless, by improving certain physiolog-
ical inpurs. exercise may assist older persons in compensating
for deficits in onc or more sensory MpULS.

;. Inconclusion, the significantly better performance by the

' eXercise group in the physiological tests after the trial dem-

ohstrares that exercise can play an important role in improv-
ing stability and related factors in older persons. The high
afoption and adherence rates indicate that exercise interven-
ns of this narure may offer an effective health promotion
atcgy, with potential for improving quality of life and

| rducing health care costs. The findings also suggest that high
 agherence to an cxercise program may reduce falls frequency.

wever, further studies are required to conclusively dem-

onstrate that exercise offers an effective means of preventing
falls.
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