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The serious health, social and economic consequences of falls are well docu-Abstract
mented. Lower extremity muscle weakness and power as well as balance impair-
ment are major independent intrinsic contributors to falls and amenable to
intervention. Progressive resistance training (PRT) is widely accepted as an
appropriate modality for treating sarcopenia and has been reported to improve
balance. However, other studies affirm no significant effect of PRT on balance.
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To date, there is no clear, definitive statement or synthesis of studies that has
examined the effect of PRT on balance. Therefore, our objective was to systemati-
cally review the literature to probe the merit of PRT as a single intervention on
balance performance in older adults. We conducted a comprehensive search of
major electronic databases to October 2006, with citation searches and biblio-
graphic searches of journal articles and literature/systematic reviews. Two inde-
pendent reviewers screened for eligibility and assessed the quality of the studies
using the Physiotherapy Evidence Database scale for validity assessment. Ran-
domized controlled trials of PRT only, with any balance outcome in participants
with a mean age of ≥60 years (individual minimum age >50 years) were included.
Trials that contained more than one intervention, providing the PRT and control
groups matched the inclusion criteria, were also included. Because of the hetero-
geneity of interventions and balance outcomes, a meta-analysis was not per-
formed. However, corrected effect sizes with confidence intervals were
determined for each study outcome. Twenty-nine studies were compatible with
the inclusion/exclusion criteria and were eligible for review. Participants (n =
2174) included healthy, community-dwelling, mobility-limited, frail cohorts and
those with chronic comorbidities. Balance outcomes conducted were extensive
and were broadly categorized by the authors as: static, dynamic, functional and
computerized dynamic posturography. Some studies used more than one balance
outcome. The number of balance tests in all totalled 68. Fourteen studies (15 tests
representing 22% of all balance tests) reported improvements, significantly great-
er than controls, in balance performance following PRT. Improvements were not
linked to a particular type of balance performance. The inconsistent effect of PRT
on balance may be explained by heterogeneity of cohort and balance tests,
variability in methodology of the balance test and sample size, inadequate dose of
PRT and/or compliance to training, or lack of statistical power. Standardization of
balance testing methodology and better reporting of procedures may ensure
greater comparability of results in future studies. It is also possible that PRT alone
is not a robust intervention for balance control. This is the first systematic
synthesis of the literature to examine the effectiveness of PRT alone on balance
performance in older adults. The limited evidence presented in currently pub-
lished data has not consistently shown that the use of PRT in isolation improves
balance in this population. However, further research should explore optimal
resistance training regimens that: focus on the muscles most pertinent to balance
control, best target neuromuscular adaptations that protect against postural chal-
lenges and elucidate mechanism(s) by which PRT may affect balance control.

Functional decline and frailty, serious clinical and ankle plantarflexor[5,7] muscle strength than
non-fallers. Similarly, poor balance was stronglysequelae of a fall, make falls a major public health
associated with falls risk in community dwelling[6,8]concern. Falls are mulifactorial in origin. Although
and institutionalized older adults[9] and stroke pa-dizziness, postural hypotension, depression, cogni-
tients.[10]tion, visual disturbance and slow reaction time are

associated with falls,[1] lower extremity muscle Loss of strength has been observed to be asso-
weakness and balance impairment (balance dys- ciated with a decline in functional performance,[11,12]

function or postural instability) have been identified thus prompting the investigation of muscle weak-
as major independent contributors to falls.[1-4] Fall- ness as a contributor to balance itself. Increased
ers have lower quadriceps,[4] ankle dorsiflexor[5-7] ankle plantarflexor,[13] knee and hip strength[14] was

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)
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associated with better standing balance in healthy[13] synthesis of these studies. Few studies have closely
and disabled[14] older adults. Furthermore, a strong examined whether the dose of resistance exercise
relationship between decline in strength and poorer determines a positive balance outcome, an aspect
balance performance has been identified in com- critical to the design of optimal exercise program-
munity-dwelling older adults and nursing home re- mes to enhance balance. Furthermore, no ‘gold
sidents.[15] standard’ of clinical balance exists, and numerous

and varied tests have been devised to assess andMore recently, lower leg power has been observ-
quantify different components of balance/posturaled to contribute to poorer functional performance[16]

stability, each having their own merits and limita-and is suggested to be a better indicator of falls risk
tions. Therefore, our objective was to present thethan strength.[17] The age-related reduction in
first systematic synthesis of evidence from random-muscle power appears to be determined by impaired
ized controlled trials (RCTs) in order to determinecontraction velocity, as well as muscle mass/force-
the efficacy of PRT as a singular intervention ongenerating capacity. This attenuated ability to con-
balance performance in older adults. Due to thetract postural muscles rapidly may contribute to an
heterogeneity of key variables, a meta-analysis wasincreased risk of falls.[18] Elderly fallers demonstra-
not performed.ted lower leg power than non-fallers[17] and reduced

leg power has been shown to be an early indicator of
1. Methodsbalance deficits.[19]

Because sarcopenia and muscle weakness are
1.1 Search Strategyfactors amenable to improvement, progressive resis-

tance training (PRT) [strength training exercise with
Electronic database searches were performed in:progressive overload where muscles exert a force

CINAHL, Cochrane Central Register of Controlledagainst an external load or contract isometrically]
Trials, Cochrane Musculoskeletal Injuries Group,has been widely accepted as an appropriate modality
Cochrane Reviews, MEDLINE, SportDiscus, EM-of treatment. Gains in strength following PRT may
BASE, Science Direct, Current Contents, Web ofbe accompanied by improved body composition,
Science; PEDro and PubMed, from earliest record tometabolic health, blood pressure, cognition, depres-
October 2006. Permutations of keyword combina-sive symptomatology, sleep and reaction time, mak-
tions for the following categories were used:ing PRT an efficacious intervention in terms of time
1. Intervention: resistance/strength/power/weightand effort for older adults. Power training, per-
training/exercise, randomized trials, and clinicalformed with a fast-velocity concentric action and
trials.slow eccentric action, is considered as a specific
2. Participants: aged, elderly, geriatric, older adults,form of resistance training. PRT and power training
or senior.have been reported to improve balance perform-
3. Outcome: balance, postural stability, posturalance.[20-33] In contrast, a recent systematic review
control, body sway, or neuromuscular performance.and meta-analysis of the effect of PRT on physical

Bibliographies of all eligible papers and system-function could find no apparent merit of PRT on
atic reviews identified from electronic databasestanding balance in 12 studies.[34] Moreover, the
searches were manually searched for any papersFICSIT (Frailty and Injuries: Cooperative Studies of
missed by the database searches. Non-English pa-Intervention Techniques)[35] and Moreland et al.[3]

pers were included, but excluded if translation wasmeta-analyses lacked supporting evidence for a sig-
unsuccessful.nificant effect of PRT on falls events.

The literature examining PRT and balance per- 1.2 Inclusion and Exclusion Criteria
formance is characterized by an extreme hetero-
geneity in populations, training regimen (dose, Potentially relevant papers describing RCTs that
mode, progression) and balance outcome variables investigated PRT as an exercise intervention and
making clear comparisons between studies difficult. balance performance as an outcome in older adults,
There has been no clear definitive statement or were examined.

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)
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Studies of older, men or women, mean age ≥60 eligibility criteria. Any differences were resolved by
years (minimum age 50 years) were considered. discussion and mutual consent, or by a third assessor
Participants could include healthy, community- (MFS). We did not include abstracts and conference
dwelling cohorts, nursing home residents, frail, mo- papers from annual meetings because of the paucity
bility- or functionally-limited adults or persons with of data. Remaining papers were retrieved for further
pathology. scrutiny to determine eligibility. If data provided

were insufficient, we attempted to contact authorsWe examined RCTs in which one group per-
for further information.formed PRT or power training. Studies that included

balance training or multimodal training (i.e. training
1.4 Data Abstractionadditional to resistance exercise) were excluded.

PRT could be conducted by a number of modalities,
Data were extracted on to pretested standardizedfor example, weights machines, free weights, iso-

forms using the following headings: Study Charac-metric exercise, elastic tubing (Therabands™)1 or
teristics: Study Design (including Statistical Ana-other equipment (weighted vests/belts/balls, soft
lysis), Participant Characteristics, Interventionweights, rice bags, filled water bottles).
Characteristics, Control Activities and BalanceRCTs in which participants assigned to the con-
Outcome Measures and Balance Outcomes.trol group participated in usual daily activity/usual

care, or activities that enhanced the blinding of the
1.5 Quantitative Data Synthesis andintervention, e.g. sham exercise, flexibility training,
Validity Assessmenteducational seminars, were considered.

All modes of static, dynamic and functional bal- The primary outcome was change in balance
ance performance and postural challenge assess- performance. Because of the heterogeneity of bal-
ment (computerized dynamic posturography) were ance tests used and outcomes measured, we used the
included in this review. Descriptions of the types of standardized difference method as the effect size
tests used to assess balance performance in this (ES) measure. ES was determined by subtracting the
review are presented in table I. Static balance is mean change in balance outcome in the PRT group
defined as the ability to maintain the centre of gravi- from the mean change in balance outcome in the
ty over a narrow base of support in an upright control group, and dividing the difference by the
position.[36,37] Dynamic balance is the ability to pooled baseline standard deviation of the PRT and
maintain equilibrium whilst the body’s centre of control groups.[48] The ES was then corrected for
gravity is in motion (i.e. the centre of gravity does small-sample bias.[49] A weighted mean difference
not stay within the base of support). Functional was calculated as the difference in means of the
balance assesses whether a balance problem exists, change scores in the intervention and control
predicts falls risk or assesses the ability to carry out groups, using the method of the Cochrane Collabo-
everyday tasks or activities.[37] Computerized dy- ration group.[50] For studies that included multiple
namic posturography assesses postural stability on a outcomes (e.g. more than one balance test per-
computer-interfaced dynamic force platform. This formed, or one group training at high intensity and
test allows the quantitative examination of balance one training at low intensity, or at differing weekly
under static and dynamic conditions and can test frequency), each balance test was treated indepen-
sensory organization and reactions to surface dis- dently.
placement. Some studies performed a priori or post hoc

power testing based on primary outcomes. Because1.3 Selection
power analysis may have been performed on out-

All papers identified by the search strategy were come measures other than balance performance in
screened independently by two researchers (RO and these studies, post hoc power testing was completed
JR), first by title and then by abstract using the on balance data using the G*Power power analysis

1 The use of trade names is for product identification purposes only and does not imply endorsement.

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)
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program.[51] As a consequence of the heterogeneity
of interventions, balance outcomes and cohorts, a
meta-analysis was not performed.

Quality assessment of eligible papers was under-
taken independently by RO and JR using the Physio-
therapy Evidence Database (PEDro) scale,[52] an
11-item scale that includes the 3-item Jadad scale[53]

and 9-item Delphi list.[54] The PEDro scale rates
RCTs from 0 to 10. One question is used to establish
external validity and is not included in the score.
The PEDro scale reports an inter-rater reliability
intraclass correlation coefficient (ICC) = 0.68 (95%
CI 0.57, 0.76). Any differences were resolved by
discussion and mutual consent or rating by a third
assessor (MFS).

2. Results

The flow of papers, from potentially relevant to
selection, from January through October 2006 is
displayed in figure 1. A total of 29 studies were
eligible for review according to the inclusion/exclu-
sion criteria. Thirty-seven of the 66 papers retrieved
were excluded for the following reasons: utilized
combined training programmes, not isolated
PRT[55-70] balance training,[71,72] not PRT,[73-75] no
progression of resistance training,[76] not a
RCT,[77-85] balance outcome not included,[86,87] mean
age <60 years,[88] or the paper contained the same
cohort or was a preliminary paper to one included in
this review.[89-91]

2.1 Study Characteristics

2.1.1 Study Design
Of the 29 single-blind RCTs, one study was a

multicentred study[92] and two were conducted at
two sites.[26,93] Most RCTs consisted of a PRT group
and a control group; four studies comprised four
groups;[32,33,94,95] and eight studies included three
groups.[23-28,31,93]

2.1.2 Quality Assessment and Validity
Quality assessment and internal validity of the

included trials are summarized in table II and table
III. The inter-rater correlation of PEDro scores be-
tween the researchers was 0.9, greater than reported
by PEDro raters.[52] Two studies randomized more
participants to PRT because of greater anticipated

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)
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morbidities included CHD, osteoarthritis, osteo-
porosis, hypertension, type 2 diabetes mellitus,
respiratory and kidney disorders and cancer. Studies
were conducted in Australia,[21,32,101] Canada,[25]

Finland,[30] the Netherlands,[24,93,96] New Zealand,[92]

Portugal,[29] the UK[47,104] and the
US.[11,20,22,23,26,27,31,33,47,94,95,98-103,105] Ethnicity, al-
though not well reported, was principally Caucasian
(76.5–100%), with African American (7–34%) and
Asian (7%) cohorts also participating. The groups
were generally comparable at baseline. Some stud-
ies indicated some significant baseline differences
in age, weight, body composition, ankle and hand-
grip strength or function.

2.1.4 Intervention Characteristics
The intervention and control group characteris-

tics are shown in the supplementary material [’Ar-
ticlePlus’] at http://sportsmedicine.adisonline.com.

Potentially relevant papers
identified and screened for

retrieval (n = 2311)

Potentially relevant papers
remaining (n = 2245)

Papers retrieved for more
detailed evaluation (n = 66)

Duplicate papers
excluded (n = 66)

Papers excluded on basis of
title or abstract (n = 1979)

Papers excluded on basis of
eligibility criteria (n = 37)

Included papers (n = 29)

Fig. 1. Flow of papers from potentially relevant to selected for
review.

A total of 852 (from 1020) completed PRT and a
total of 126 participants (range 0–18 per study) werewithdrawals from the control group.[93,96] Twelve
reported as withdrawals. Attrition rates averagedpapers (43% of studies) comprising 39% of all bal-
13%, and varied greatly between the studies fromance tests scored ≥6 on the PEDro scale, signifying
0%[11] to 39%,[31] with three RCTs not specifyingbetter quality studies.
intervention withdrawals.[26,29,102]

2.1.3 Participant Characteristics Setting and Training Equipment

Interventions were mainly conducted in a gym/A total of 2174 participants were randomized
community setting;[11,21,22,24-27,30,32,33,94,95,98,101] com-(1020 to PRT, 866 to control, 268 to other
bined gym and home-based location[28,47,93,96,104,105]modes of training, 20 not specified[29]). Most partici-
or were solely home-based programmes.[92,100,102]pants were healthy and community-dwelling
Some studies did not report a training venue, but a(n = 1090).[21,22,24,27,29,32,33,47,94,95,99,101,103-105] Six
gym/community setting was likely from the descrip-RCTs[11,28,31,96,100,102] comprised functionally im-
tion of training equipment.[20,29,31,99,101,103]paired or mobility-impaired participants (n = 432).

Frail (n = 383)[30,92,93] and institutionalized partici- A diversity of training equipment was
pants (n = 20)[98] and individuals with coronary heart used: pneumatic[22,25,31,32] and weight-
disease (CHD) [n = 42],[20] osteoarthritis (n = stack[20,23,29,30,33,95,101,103] resistance training ma-
103)[26] and low bone mass (n = 243)[25] were also chines; free weights;[20,21,24,26,27,92,98] elastic bands/
eligible for inclusion in this review. The mean age of tubing;[24,28,47,93,96,98,100,102,104,105] body
all participants ranged from 60–88 years and 68.3% weight;[27,28,93,96,104] and weighted equipment such as
were women. Not all studies reported ages for the balls, vests, rice bags, sandbags[11,27,28,33,98,104] sole-
intervention groups, but the average age ranged ly, or in combination. Twenty studies used a single
from 61 to 88 years where reported, and was com- type of training equipment (12 used resistance train-
prised of 70% women. The average age of control ing machines,[22,23,25,29-32,94,95,99,101,103] three used free
group participants ranged from 57 to 88 years where weights,[21,26,92] four used elastic bands/tub-
reported, and was comprised of 70.7% women. One ing,[92,100,102,105] one used weighted vests[11]) and
study contained only men[29] and seven studies nine studies used a combination of equip-
examined women only.[22,24-26,28,30,104] Major co- ment.[20,24,27,28,33,93,96,98,104]

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)
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Table III. Summary of the numbers of trials reporting the characteristics of study design described in table II

Characteristic Yes No Not reported

of study design no. of references no. of references no. of references
trials trials trials

Method of 16 20,21,24-26,28,30-33,92,94 13 11,22,23,27,29,93,95
randomization 98,100,102,104 47,96,99,101,103,105

Allocation 4 21,30,32,98 1 92 24 11,20,22-29,31,33
concealment 47,93-96,99-105

Baseline 24 11,20,21,24-28,30-33,92-95 2 22,47 3 23,29,103
comparability 96,98-102,104,105

Blinding of 12 11,21,24,25,33,92-94,96 5 27,31,32,104,105 12 20,22,23,26,28-30,95
assessors 98,100,102 47,99,101,103

Power testing 10 24,25,28,32,92,93,95,98,99,104 6 11,21,30,100,102,103 9 20,22,23,26,27,29
47,96,101

4a 31,33,94,105

ITT analysis 6 22,25,27,30,92,98 18 20,21,23,26,28,32,33,93-95 5 11,24,29,31,101
47,96,99,100,102-105

Attrition 26 11,20,22-25,27-29,32,33 3 21,31,100
47,92-96,98,99,101-105

a Post hoc.

ITT = intention-to-treat.

Training Prescription using weighted vests.[11] We categorized studies ac-
cording to training intensity: high (≥70%The prescription of PRT was generally well de-
1RM),[20-22,25,30-33,94,95,103] moderate (41–69%scribed. The study duration averaged 22.7 weeks
1RM),[11,23,24,29,32,47,92,99,104,105] and low (≤40%(range 8–104 weeks). The mean training session
1RM).[26,27,31,32,93,96,98,100,102,104]duration was 58.8 minutes (range 35–90 minutes)

and frequency of training was 2–3 days/week. Two
Progressionto three sets per session were prescribed in all stud-
Although described in all studies, the protocol fories.

progression was somewhat diverse. Training load
Studies using resistance machines quantified was increased: following 1RM testing 1-,[32]

the training intensity most objectively using per- 2-,[38,92,103] 4-[20,22,29,31,95,99] and 6-weekly;[23] by
centage of one repetition maximum maintaining RPE;[21,24] when a number of repetitions
(1RM);[20,22,23,25,29-33,92,94,95,99,101,103] some also used or sets and repetitions were
subjective assessment, i.e. ratings of perceived exer- achieved;[25,26,28,93,96,100,101,104] when fatigued;[47]

tion (RPE).[20,22,32,33] Several studies prescribed vari- when possible;[27] or with no details other than ‘as
able intensity in each session. For example, each of muscle strength increased’.[30]

the three sets was performed at successively increas-
Supervision and Complianceing intensities of 50%, 60% and 70% 1RM,[99] or

intensity varied according to the exercise: shoulder Training was fully supervised in 18 of 29
press was performed at 45% 1RM, chest press at cases,[11,20-22,24,25,27,29,30,32,33,93,95,96,98-101] with five
50% 1RM, and fly at 60% 1RM.[23] Four studies studies explicitly reporting supervision by
used RPE alone,[11,21,24,102] but Jette et al.[102] did not trained staff;[20,21,24,32,96] whereas 11 studies were
specify the value. Skelton et al.[104] prescribed inten- unsupervised,[92] monitored intermittent-
sity at <70% heart rate reserve. Five studies did not ly[28,47,102,104,105] or supervision not report-
report intensity,[26,28,98,100] but the methodology sug- ed.[23,26,31,94,103] Twenty-five of 29 studies report-
gested training was performed at relatively low in- ed compliance rates;[11,20,22-29,32,33,47,92-96,98,99,101-105]

tensity. Four studies used power training; one at three studies did not.[21,31,100] One study described
40% 1RM,[31] one at 20%, 50% and 80% 1RM,[32] compliance to training as ‘satisfactory’.[30] Overall
one at increasing loads with each set (45%, 60% and compliance to training at gym sessions ranged from
75% 1RM)[101] and the other at moderate intensity 29% to 100% attendance. Compliance to training

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)
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ranged from 70% to 100% attendance at gym ses- (from 1020) participants completed PRT interven-
sions on average; however, two studies reported tion and 126 participants (range 0–18 per study)
individual participation rates in PRT as low as dropped out from PRT. A total of 644 (from 866)
29%[93] and 47%.[27] Overall compliance to home- participants completed control activities and 80 par-
based training was monitored by training diaries ticipants (range 0–13 per study) dropped out from
(supported by a booklet[93,96]) and reported to be control activities. Three RCTs did not specify inter-
69–88%. Individual home-training adherence rates vention or control withdrawals,[26,29,102] accounting
were reported as low as 10%[93] and one study noted for a further 141 and 142 participants, respectively.
that participant reporting in the training logs was not PRT attrition rates averaged 13%, and varied greatly
good.[96] Research staff paid home visits and gave between the studies from 0%[11] to 39%.[31] Com-
regular phone calls to maximize adherence.[34,102] pliance to control activities also varied between the
Three studies did not describe participant adher- studies, with withdrawals averaging 11.4% and
ence.[21,31,100] ranged from 0%[21,22,31] to 23%.[93]

Adverse Events 2.1.7 Balance Outcome Measures
Adverse events were reported in 17 of In all of the studies reviewed, balance was only

29 trials,[11,20-22,24,25,27,28,31-33,94,96,98,101,104,105] with one of a number of functional performance out-
7 of 17 trials reporting no adverse comes measured. Muscle strength, muscle power,
events.[20,27,28,98,101,104,105] Adverse events attributed mobility, functional capacity, physical health and
to training were mainly musculoskeletal in nature cognitive function were also evaluated. Balance was
and none were reported as serious. These included a secondary outcome measure in two studies.[25,92]

exacerbation of osteoarthritic pain,[96] trochanteric Balance tests were categorized as static, dynamic,
bursitis, muscle, joint and lower-back pain. functional or using computerized dynamic pos-

turography (table I). We found that there was sub-2.1.5 Control Activities
stantial variability in the methodological conduct ofControl group activities varied across the studies
static and dynamic tests as well as a paucity ofand included: no treatment (usual daily activity with
specific description, such as which leg was testedno increase in physical activity levels[23,24,95,96,99]),
(self-selected, dominant, non-dominant, both),wait-list for an exercise programme on completion
whether the test was conducted with eyes open orof the study,[22,31,32,94,100] attention-control (health
closed, shoes on or off, the number of practice trialseducational talks,[26,31,33] group driver education
permitted, the number of trials allowed, the distanceclasses,[47,105] phone calls and home visits[92]). Some
walked, the period for which the test was conducted,studies offered alternative exercise, including slow-
(set duration or for as long as possible) and/or whatvelocity chair-based exercises with low/no resis-
times were reported (best, mean or total of trials).tance,[11] functional exercises,[30] flexibility/stretch-
Some studies permitted one trial only while othersing[20,21] and/or deep breathing classes to subjects
permitted up to five trials. Some studies permittedblinded as to which intervention was the preferred
one or two practice trials then recorded the best oftreatment arm.[25] Only Liu-Ambrose and col-
three trials.leagues[25] described the exercises as ‘sham’. Some

wait-list controls later joined the study as interven-
2.2 Balance Outcomestion participants[27,28,98,102] or became a combined

training group.[101] No control activity details were Details of balance tests and balance outcomes
reported in three studies.[29,93,103]

following PRT are presented in table IV. In studies
2.1.6 Withdrawals with two or more groups undertaking PRT under
In all trials, 1795 participants were reported to several conditions, e.g. high intensity versus low

have completed the studies; 256 (average 13.2%, intensity, or frequency of 3 versus 1 day/wk, or
range 2.5–31.9%) dropped out. No completion or strength training versus power training, each group
withdrawal details were reported for a further 123 was treated as having independent data. Further-
participants randomized.[26,29,102] A total of 753 more, some studies included more than one balance

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)
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test. In the 29 studies reviewed, a total of 68 balance
tests with sufficient data points were analysed.

Fourteen studies reported that the PRT group
performed from 2% to 98% better than the control
group in a balance outcome. Studies that included
multiple balance tests may have shown significant
improvement in one or some, but not every, balance
test. Fifteen of 68 tests (22%) showed significantly
improved balance performance following PRT in:
single-leg stance (SLS) eyes open,[27,33] or
closed,[23,28] double-leg stance eyes open[27] or
closed,[26] postural sway on a compliant surface,[25]

backward tandem walk,[22] functional reach,[21,29]

Berg Balance Test,[30] balance component of the
Continuous Scale-Physical Functional Performance
(CS-PFP),[20,31] balance component of the Assess-
ment of Daily Activity Performance (ADAP)[24] and
combined postural sway and static balance mea-
sured by posturography.[32] Two of these studies
conducted power training.[31,32] Figure 2 depicts the
percentage of balance tests showing statistically sig-
nificant improvements compared with the total
number of balance tests within each of the four
balance types. Figure 3 shows the number of tests
showing statistically significant improvements com-
pared with the total number of balance tests for each
specific balance outcome. Five balance tests in three
studies[26,27,95] showed nonsignificant results, but
moderate to high ES, suggesting clinically relevant
outcomes. The possibility of a type II error, indicat-
ing that the studies were underpowered, cannot be
discounted. Three studies examined the relation-
ship(s) between a change in strength[100] and/or pow-
er[31,32] and a change in balance. No such relation-
ships were detected in any of these studies.

2.2.1 Static Balance

Static balance tests (n = 27) were the most widely
used tests, comprising 40% of the total number of
balance tests performed. Most studies assessing this
outcome used low-intensity training; two used mod-
erate intensity[11,23] and four studies employed high
intensity.[25,33,94,101] Participants came from both
healthy and frail/clinical cohorts. Six of 29 studies
(seven tests, 26% of static tests) showed significant-
ly improved static balance performance. The tests
were conducted over 10–60 seconds or for as long as
possible,[28] and one to five trials were permitted. In

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)
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measures were fastest time or number of incorrect
steps for all tests. Of the 13 timed walk tests (three
forward tandem, eight backward tandem and two
beam balance walks), only one study[22] demonstra-
ted improved backward tandem walk in 39 healthy
older adults. Functional reach, by contrast, im-
proved by 9% and 13% in two of nine trials with
healthy participants.[21,29] Most studies used high-
intensity training on resistance machines; three stud-
ies used low-intensity training with elastic tub-
ing.[28,102,105]

2.2.3 Functional Balance
Functional balance tests (n = 7) comprised 10%

 

0

5

10

15

20

25

30

Static Dynamic Functional Posturography 
Balance type

N
um

be
r 

of
 b

al
an

ce
 o

ut
co

m
es Significant improvement

No significant improvement

26%   14% 57%   8%

Fig. 2. Balance outcomes stratified by balance type. Studies show-
ing significant balance improvement in: static balance,[23,25-28,33] dy-
namic balance,[21,22,29] functional balance[20,24,30,31] and computer-
ized dynamic posturography.[32] of the total balance tests performed. Four of 29

studies (four tests, 57% of functional tests) showed
significantly improved balance performance. Frail,the eyes-open condition, SLS and tandem stance
mobility-limited elderly demonstrated significantly(see table I), [predominantly over 10 seconds] were
improved balance in the Berg Balance Test afteroverall not significantly different between control
high-intensity PRT using resistance machines.[30] Inand intervention groups. Two of eight SLS[27,33] and
comparison, other studies of frail, elderly co-one of five tandem-stance[27] tests showed signifi-
horts[92,98] showed no change in the Berg Balancecantly improved times. These studies employed
Test after low and moderate PRT using free weightsmaximum stance times of 30 and 60 seconds, re-
and other weighted equipment. Two of three trialsspectively. No improvements in standing balance
using CS-PFP testing improved after training onover 10 seconds were observed with the FICSIT
resistance machines.[20,31] It was the power trainingtests[93,96] or in postural sway on a stable platform.[26]

group, in the study of Miszko et al.,[31] and notIn the eyes-closed condition, two of five studies
strength training group that improved in this test.showed better SLS time in 57 younger, healthy
Healthy older adults training at moderate intensityparticipants[23] and 18 functionally limited

women.[28] Postural sway improved on a stable plat-
form with eyes closed[26] and on a compliant surface
such as foam.[25] Most studies used low-intensity
training; two used moderate-intensity[11,23] and four
studies employed high-intensity training.[25,33,94,103]

Participants came from both healthy and frail/clin-
ical cohorts.

2.2.2 Dynamic Balance
Dynamic balance tests (n = 22) comprised 32%

of the total balance tests performed. Most studies of
dynamic balance used moderate-[29,99,101] or high-
intensity training on resistance ma-
chines;[21,22,94,95,101] three studies used low-intensity
training with elastic tubing.[28,102,105] Participants
were generally healthy or frail/mobility-limit-
ed.[28,100,102] Three of 29 studies (three tests, 14% of
dynamic tests) showed significantly improved bal-
ance performance. The distance covered in the tests
ranged from 1.8 to 9.1 m (6 to 30 ft) and outcome

Significant improvement
No significant improvement

0 2 4 6 8 10 12 14

Unstable surface
Double-leg stance EO

Tandem stance EO
Double-leg stance EC
Single-leg stance EC
Single-leg stance EO

Forward tandem walk
Backward tandem walk

Functional reach 

Posturography
Berg Balance Test

CS-PFP/ADAP

S
ta

tic
D

yn
am

ic
F

un
ct

io
na

l

Number of balance outcomes

Fig. 3. Improvements in specific balance outcomes. ADAP = As-
sessment of Daily Activity Performance; CS-PFP = Continuous
Scale-Physical Functional Performance; EC = eyes closed; EO =
eyes open.

© 2008 Adis Data Information BV. All rights reserved. Sports Med 2008; 38 (4)



336 Orr et al.

with elastic tubing and free weights improved in the
balance component of the ADAP, although no sta-
tistical value was reported.[24]

2.2.4 Computerized Dynamic Posturography
Balance testing using computerized dynamic

posturography comprised 8% of the total balance
tests (n = 12) performed.[32,33,47] Training intensity
ranged from low to high. Training equipment in-
cluded resistance machines[32,33] and Thera-
bands™.[47] All participants were healthy, and com-
munity dwelling. One of three studies (one test, 8%
of posturography tests) showed significantly im-
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Fig. 5. Balance outcomes stratified by cohort. Studies showing
significant balance improvement in: healthy cohorts[21-25,27,29,31-33]

and frail/clinical cohorts.[20,26,28,30] Note that some studies have
more than one balance outcome.

proved balance performance after power training at
low intensity.[32] (figure 5), training intensity (figure 6), quality as-

sessment (figure 7), assessor blinding (figure 8) and2.2.5 Subgroup Analysis
training equipment (figure 9) revealed no significantWe looked for patterns and factors that might
distinction between strata (χ2 = 0.27–2.99). Staticexplain the heterogeneous findings by stratifying the
balance improved after low-intensity training inbalance tests showing significant improvements by
three poorer quality studies,[26-28] after moderate-cohort, intensity of training, training duration, train-
intensity training,[23] and after high-intensity train-ing equipment, quality of the papers and use of
ing in two better quality studies.[25,33] Dynamic bal-blinded assessors. Chi-square testing was also con-
ance improved with high-[21,22] and moderate-inten-ducted to determine statistical difference between
sity training.[29] The better quality studies (PEDrostrata. The number of balance tests (and percentage)
score ≥6), showing significant improvements in bal-showing a significant improvement following train-
ance performance, were predominantly studies ofing compared with the total number of tests for most
healthy cohorts undertaking high-intensity, short-factors are presented in figures 4–9. In summary, no
term (10–12 weeks) training with resistance ma-clear trends emerged. Balance improved most in
chines.longer duration studies (figure 4). Chi-square ana-

lysis showed a significant difference between stud-
3. Discussionies lasting 40–104 weeks compared with those of

shorter durations (χ2 = 6.00). Analysis of cohort This is the first systematic review to examine the
efficacy of RCTs of PRT alone on balance perform-
ance in older adults. Although PRT is often stated to
be beneficial for balance, this review provides evi-
dence that PRT as an isolated intervention is not
uniformly effective in improving balance perform-
ance. Only 22% of results from the balance tests
examined offered support for the efficacy of PRT as
a single modality to improve balance. One factor
that must be considered is that balance was only one
of a number of outcomes explored in all the studies
reviewed, and therefore many studies may not have
been optimally designed to investigate change in
balance performance alone nor sufficiently powered
to find such an effect.

The inconsistent effect of PRT on measures of
balance may be due to: the heterogeneity of cohorts
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The ceiling effect may also explain results in a
cohort without overt balance impairment that per-
forms well initially, and cannot improve further
without training. The result is, thus, a negative out-
come[94] and underestimation in balance adapta-
tion.[39] A recent meta-analysis of SLS times[39] re-
ported mean stance times in the eyes-open condition
for three age groups (60–69, 70–79 and 80–99
years) as 27.0, 17.2 and 8.5 seconds, respectively
suggesting that maximum times of ≤15 seconds for
cohorts younger than 80 years may not detect any
change in this test.

Training also provided no benefit to SLS with
eyes closed. The two studies reporting improve-
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Fig. 6. Balance outcomes stratified by intensity of resistance train-
ing. Studies showing significant balance improvement in: high-in-
tensity,[20-22,25,30,33] moderate-intensity[23,24,29] and low-intensi-
ty[26-28,31,32] resistance training. Note that some studies have more
than one balance outcome.

ments in this test,[23,28] however, contained method-
ological problems. In one study,[28] data were non-and balance measures; a wide disparity in the con-
normally distributed and no indication that statisti-duct of balance tests; diversity of equipment used
cal normalization of data had been attempted priorfor PRT; inadequate or ineffective dose of the train-
to use of parametric analytic techniques. Nichols eting programme; variability in sample size; lack of
al.,[23] trained 57 younger, healthy participants atstatistical power to detect between-group differ-
moderate intensity on resistance machines. The SLSences; inadequate compliance with the exercise pro-
test (two practice plus three trials) was conductedgrammes; and/or differences in overall quality of
over 45 seconds on each leg and then the timesstudies. The greater number of trials may have pro-
summed. It is possible a learning effect could haveduced a learning effect in participants,[38] further
occurred with the ten trials for this test. Further-confounding comparisons across studies. However,
more, one group trained progressively at equal con-it is also possible that PRT alone is not a robust
centric/eccentric load, the other at greater eccentricbalance-enhancing intervention.
load, the progression of which was equipment-limit-

Static balance tests were the most frequently used ed. The balance results of the two groups were then
tests, with SLS accounting for 40% of all tests, combined for analysis, compromising the evaluation
supporting the view of Wolfson et al.[33] that SLS is of the effect of PRT on balance.
the most frequently used balance test in studies

There is considerable variation in the reportedinvolving older adults, Generally, balance measured
methodology of static and dynamic tests and a lackby SLS and tandem stance in the eyes-open condi-

tion, did not respond to training. The studies demon-
strating significantly improved SLS and tandem
stance employed stance times of 30–45 and 60 se-
conds, respectively. Most studies conducted the test
only for 10 seconds. The authors using the FICSIT-3
tests[93,96] suggested that the lack of significant find-
ing was because the parallel and semi-tandem
stances were too easy for their cohorts. Ferrucci et
al.[14] shared a similar view, finding that >45% of
disabled women could maintain the tandem stance
for 10 seconds. The static balance protocols using
relatively short maximum test times may produce a
ceiling effect because the test is too short to detect
imbalance thus missing subtle balance impairments.
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healthy cohorts. It is plausible that fewer improve-
ments were evident in tests conducted in the healthy
populations because of a ceiling effect. The balance
tests selected may not have been the most appropri-
ate ones chosen to adequately challenge postural
stability in minimally impaired individuals.

We also stratified dose-response characteristics
to examine whether intensity and/or duration may
affect balance outcomes. In studies of high-intensity
training, significant balance gains were observed in
six tests, equally distributed between static, dynamic
and functional balance types. These improvements
in balance performance were predominantly observ-
ed in higher quality studies (four of six) of healthy
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Note that some studies have more than one balance outcome.
NR = not reported. 

cohorts undertaking high-intensity, short-term
(10–12 weeks) training, using resistance machines.

of specific description in some studies. Standardiza- A standardized and quantifiable dose of training can
tion of methodology and better reporting of proce- be achieved by training on resistance machines.
dures will ensure greater comparability of results in High-intensity training may best deliver the stimu-
future studies. Because of the multifactorial causes lus required to increase muscle strength and to elicit
of balance impairment[18] using several types of neuromuscular benefits to enhance balance. Recent
balance tests to develop a balance ‘profile’ in future evidence has shown that muscle activation capacity
studies may impart a more robust determination of and calf muscle-tendon mechanical properties rele-
effect following intervention. vant to contractile force production are highly corre-

We inspected the 15 (seven static, three dynamic, lated to more demanding balance tasks (SLS and
four functional and one posturography) balance tests tandem stance).[106] Studies are needed to further
demonstrating significant improvements for the examine whether high-intensity PRT can amplify
presence of trends. No single balance test demon- the muscle-tendon properties, and determine which
strated prominence over the other tests. However, dose will provide optimal gains in balance.
57% of the functional tests exhibited significant In studies of low-intensity training, significant
improvements, greater than the other balance types. balance gains were observed in six tests, four of
This could be explained by the Berg Balance, CS-
PFP and ADAP tests having well defined test proto-
cols, using quantitative scales and having strong
intra- and inter-rater reliability.[10,42] One factor to
take into consideration is that in one study using the
CS-PFP,[31] a 39% withdrawal rate in the power
training group compared with an overall 22% study
withdrawal may compromise the validity of this
significant finding.

When we stratified the balance tests by cohort,
the balance tests performed by the frail/clinical
group showed more improved outcomes (27%) than
the healthy group. This is not an unexpected out-
come as those individuals with some co-morbidities
(depending on their nature) and/or mobility/func-
tional limitations may be more likely to respond to
PRT and show greater relative improvements than
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which were static balance measures. These improve- ty, resulting in a fall onto the greater trochanter
ments in balance performance were predominantly specifically.[112,113] Training of hip musculature has,
observed in lower-quality studies (five of six) of for the most part, not been carried out. In the studies
various cohorts undertaking low-intensity training reviewed, eight studies[21,24,26,28,94,100,102,104] (28%)
with free weights, Therabands™, and other equip- trained hip abductor muscles, four of which showed
ment. The data suggest that if low-intensity training improved balance.[21,24,26,28] Rather than prescribing
improves balance, it may preferentially improve universal whole-body or lower-extremity strength
static balance. training, it may be prudent to focus on specific

muscles critical to balance such as hip abductors andBalance tests were more likely to improve in
adductors, knee flexors and extensors and anklelonger-term than shorter-term studies (33% vs
plantarflexors and dorsiflexors.22%), suggesting a threshold of total training dura-

tion or volume may be required to elicit gains. Muscle power generation may also be a limiting
However, there were relatively few long-term stud- factor in the control of balance. The age-related
ies in this review and statistical analysis of data just decline in neural processing can diminish the ability
reached a level of significance. for rapid force development necessary to respond to

postural challenge.[108,109,114] Healthy, community-The lack of a pronounced effect of PRT on bal-
dwelling, older women have recorded a 40% declineance (in 78% of tests) in this review may also imply
in the rate of force development in hip abduction andthat strength is not the major underlying mechanism
abduction compared with younger women, whichfor poor balance, and that other limiting factors
may have a more marked effect on postural chal-influence postural stability. Balance control is deter-
lenges than muscle strength.[109] Chang and col-mined by an integrated network of vestibular, visual,
leagues[115] have documented the relationship be-cognitive, somatosensory and motor systems. A
tween rate of force development of hip abductors‘unique combination of constraints’ for each elderly
and mediolateral stability in 30 community-dwell-individual will govern their postural orientation and
ing older adults. Hip abductor rate of force develop-equilibrium.[107] In response to postural challenge,
ment was a stronger predictor of compensatory step-an individual will slow the centre of mass by gener-
ping than centre of pressure displacement (sway).ating muscle torque at the ankle or hip or by taking a
We have previously shown that muscle power isstep. The selection of one of these three strategies
related to balance in non-frail older adults[19] andwill depend on the base of support, location of
obese, older adults with type 2 diabetes.[116] In thiscentre of mass, speed of perturbation and surface
review, 18% of studies (n = 4)[11,31,32,101] used powercharacteristics.[107] The key muscle groups used to
training, two of which showed improved bal-effect these balance strategies are ankle dorsiflexors
ance.[31,32]

and plantarflexors, knee extensors and flexors and
hip abductor and adductors. Aging dampens reac- Because of the association between muscle
tion time and muscle strength, impairing, in some weakness and falls or poor balance, most studies
people, the ability to control a fall. In older adults, have focused on one adaptation to PRT, specifically
lateral stability is the key contributor to maintaining the increase in muscle strength, as a mechanism for
balance control.[108] The muscle torque required to the improvement to balance control. That is, PRT
maintain balance may be greater than the force that increases muscle strength thereby increasing the
can be generated by older muscle. Specifically, force that muscles can generate in response to a loss
weakness of hip abductors has been shown to com- of balance. Yet few studies in this review have
promise the ability to maintain lateral stability tested this assumption by examining the relationship
during stepping and thus maintain balance.[109,110] between the change in strength and the change in
This may have serious implications for those at risk, balance. In the two studies that have examined this
such as fallers who have demonstrated greater later- relationship in healthy older adults, gains in strength
al sway than non-fallers.[111] Furthermore, hip frac- were not associated with improved balance.[32,33]

tures, the most serious fractures resulting from falls, Alternatively, other adaptations provided by PRT
may be partly attributed to deficits in lateral stabili- (e.g. increased neural drive to agonist muscles,[114]
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increased motor unit recruitment and activation,[114] ing lateral balance and reducing falls, and use of the
improved cognition[117-119] decreased depression,[120] less conventional power training, should be consid-
reduced antagonist muscle co-contraction,[114] en- ered.
hanced stability of muscle co-ordination[121] and im-

4. Conclusionproved force control[114]) could also explain the effi-
cacy of PRT on balance.

The results of this review suggest that PRT as an
A potential limitation of this review is that we did

isolated intervention has not to date been consistent-
not use abstracts, unpublished studies or thesis dis-

ly shown to improve balance performance in older
sertations and a search/publication bias may have

adults. However, we found a wide disparity in the
been introduced. We used only RCTs and did not

methodology of the static and dynamic outcomes
include some well conducted dose-response studies

assessed in these trials. Better reporting of the proce-
that had fulfilled the criteria in all ways except that

dures in studies and regulation of the balance tests is
they lacked a randomized control group. This may

recommended. Clinically relevant outcomes may
have introduced a detection bias, where valid results

have been overlooked due to the presence of type II
have not been reported.

errors in some studies. Nevertheless, before PRT is
discounted as an efficacious intervention in the

3.1 Implications for Research treatment of postural instability, future studies
should examine possible relationships betweenFuture directions to improve the empirical know-
accompanying adaptations to PRT and balance im-ledge in this discipline would be to:
provements that may provide further insights to the• employ robust RCT study designs;
mechanism(s) by which PRT affects balance. At this• standardize the methodology of static and dy-
time, recommendation to use PRT as an isolated

namic balance tests in order to make comparisons
intervention strategy for balance enhancement in an

between studies more meaningful;
elderly cohort cannot be made based on the limited

• assess a balance profile of the individual with a evidence presented in currently published data.
number of different tests to pinpoint weaknesses
or deficits to individualize the intervention and Acknowledgements
optimize outcome;

No sources of funding were used to assist in the prepara-• assess balance when delivering an unpredictable
tion of this review. The authors have no conflicts of interestperturbation;
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