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Abstract This study introduces the Balance Exer-
cises Circuit (BEC) and examines its effects on mus-
cle strength and power, balance, and functional per-
formance in older women. Thirty-five women aged
60+ (mean age = 69.31, SD = 7.35) were assigned to
either a balance exercises group (BG, n = 14) that
underwent 50-min sessions twice weekly, of a 12-
week BEC program, or a wait-list control group (CG,
n = 21). Outcome measures were knee extensor peak
torque (PT), rate of force development (RFD), bal-
ance, Timed Up & Go (TUG), 30-s chair stand, and
6-min walk tests, assessed at baseline and 12 weeks.
Twenty-three participants completed follow-up as-
sessments. Mixed analysis of variance models exam-
ined differences in outcomes. The BG displayed im-
provements in all measures at follow-up and

significantly improved compared with CG on,
isokinetic PT60, PT180 (p = 0.02), RFD (p < 0.05),
balance with eyes closed (p values range .02 to <.01)
and TUG (p = 0.03), all with medium effect sizes. No
changes in outcome measures were observed in the
CG. BEC improved strength, power, balance, and
functionality in older women. The BEC warrants
further investigation as a fall prevention intervention.

Keywords Exercise . Muscle strength . Task
performance . Aged . Balance

Introduction

Aging is associated with a general decline in the muscu-
loskeletal and sensory systems involved in the mainte-
nance of postural control (Isles et al. 2004; Farinatti 2013;
Tiedemann, et al. 2011). Lower extremity weakness and
balance impairment are major independent intrinsic risk
factors for falls and loss of independence (Orr et al. 2008;
Pizzigalli et al. 2011). Preservation of these essential
elements of postural stability is critically important for
autonomy in the performance of activities of daily living
and for reducing the risk of falls in older age.

A 2011 Cochrane systematic review that included 94
randomized controlled trials concluded that certain
types of exercise, such as gait, balance, coordination,
and functional training, strengthening exercise, and oth-
er three-dimensional exercise programs are moderately
effective in improving balance in people aged 60 years
and over (Howe et al. 2011). Furthermore, exercise that

AGE (2016) 38: 14
DOI 10.1007/s11357-016-9872-7

B. P. Avelar (*) : J. N. d. A. Costa :M. P. Safons :
M. T. Dutra :M. Bottaro :A. C. de David : R. M. Lima
Faculdade de Educação Física, Universidade of Brasilia, Brasilia,
Brazil
e-mail: brunavelar@gmail.com

S. Gobbi
Instituto de Biociências, Universidade Estadual Paulista - Rio
Claro, Rio Claro, Brazil

A. Tiedemann
Musculoskeletal Division, The George Institute for Global Health,
University of Sydney, Sydney, Australia

A. Tiedemann
Falls and Balance Research Group, Neuroscience Research
Australia, University of New South Wales, Sydney, Australia

http://crossmark.crossref.org/dialog/?doi=10.1007/s11357-016-9872-7&domain=pdf


challenges balance plays a particularly important role in
preventing falls in older people (Sherrington et al. 2011;
Gillespie et al. 2012). Moreover, further benefits are
likely if in addition to improving balance, training pro-
grams for older individuals also target improvements in
muscle strength and functional independence (Eyigor
et al. 2007; Swanenburg et al. 2007; Giné-Garriga
et al. 2010; Bird et al. 2011; Kuptniratsaikul et al.
2011). Interventions specifically designed to improve
balance and strength in older people are expected to
have important clinical implications.

Costa et al. (2012) developed a Balance Exercises
Circuit (BEC) program, a new comprehensive design
that includes exercise stations that specifically challenge
sensory inputs from mechanoreceptors as well as from
the visual and vestibular systems. The exercises includ-
ed in the circuit were selected with reference to pub-
lished research about the characteristics of effective fall
prevention exercise programs (Gillespie et al. 2012) and
with reference to exercise for fall prevention best prac-
tice guidelines (Sherrington et al. 2011; Tiedemann,
et al. 2011). Exercise stations were also designed to
simulate activities of daily living so that in addition to
stimulating balance the program has the potential to
improve physical functioning. It is clear from the liter-
ature that in order to improve balance and prevent falls,
exercise needs to be conducted in a standing position
and needs to include movement of the body’s center of
gravity, narrowing of the base of support and a reduction
in the use of upper limb support. Exercise should also
include progressive increases in the degree of balance
challenge and should be ongoing (Sherrington et al.
2011; Tiedemann, et al. 2011). These factors were con-
sidered in the design of the BEC.

The BEC is conducted in an outdoor space, with a
specifically designed court that contains clearly marked
exercise stations which are supervised by trained exer-
cise specialists, as described elsewhere (Herdman 2002;
Costa et al. 2012). Briefly, the circuit is composed of 13
stations, involving static and dynamic balance exercises,
including tandem walking, forward-backward stepping,
wide-stance gait, functional reach, heel lift, toe press,
balance on unstable surfaces, and standing on one leg
(Costa et al. 2012). Costa et al. (2012) reported improve-
ments in balance and a reduction in fall risk as indicated
by improvements in the Berg Balance Scale scores,
among 32 older people after 12 weeks of twice-weekly
BEC participation. However, further investigation of the
effect of the BEC intervention on more objective

measures of both static and dynamic balance, and the
impact on functional mobility is important before its
practical implementation. Moreover, given the docu-
mented relationship between muscle strength and bal-
ance (Binda et al. 2003; Kouzaki 2010; Brech et al.
2013), investigation of the influence of BEC on strength
and power-related indexes such as rate of force develop-
ment (RFD) is important. Therefore, the purpose of this
study was to examine the effects of the BEC program on
muscle strength and power, balance, and functional per-
formance in older community-dwelling women.

Material and methods

Study design

We conducted a quasi-experimental study with follow-
up after a 12-week intervention. The trial was conducted
during 2012/2013 in Brasilia, Brazil. To examine the
effects of participation in the BEC program on muscle
strength, balance, and functional performance, a sample
of older women was divided into an intervention or a
wait-list control group, with outcome variables being
measured both before and after the intervention period
in all participants. At baseline, participants underwent a
semi-structured interview to obtain information about
sociodemographic variables, comorbidities, current
medication use, and fear of falling. Participants also
underwent an assessment of their balance, strength, and
functional mobility. Dependent variables were selected
based on their relationship with falls and their established
clinical significance among older adults. The experimen-
tal protocol was approved by the Human Ethics Com-
mittee at The University of Brasilia under protocol 167/
2011 and all participants gave written informed consent.

Participants

Participants were recruited through advertisements on
television, newspapers, and through presentations in the
local community. Eligible participants were women
who were aged 60 years or more, who were physically
independent, not currently engaged in a structured ex-
ercise program, and who were able to understand the
trial procedures. Exclusion criteria were as follows: any
physical or functional conditions that could be aggra-
vated as a result of the proposed activities or that could
prevent full participation in the study such as dementia,

14 Page 2 of 11 AGE (2016) 38: 14



Alzheimer’s disease, Parkinson’s disease, use of pros-
thesis in the lower limbs, and participation in regular and
targeted physical activity.

Participants were allocated to the BEC intervention or
wait-list CG based on whether or not they had completed
all baseline assessments, at the time of BEC intervention
commencement. The BEC intervention began during the
third week of baseline assessments, when 14 participants
had completed all assessments; hence, these people were
allocated to the BEC intervention. Twenty-one people
were yet to complete the assessments and were therefore
allocated to the wait-list control group. Volunteers had no
choice regarding group allocation.

Participants were reassessed on all study measures
after intervention completion at week 12 (Fig. 1), with a
total of 10 participants completing the intervention in
the experimental group and 13 completed all the evalu-
ations in the control group.

Intervention group

Participants in the BG participated in the BEC, for
50 min, two times per week for a total of 12 weeks.
Each BEC session comprised of warm-up and stretching
(10 min), exercise circuit (30 min), and cool-down
(10 min). Thirteen workstations were organized in a
circuit format on an outdoor court at the University of
Brasilia that was specifically designed for this purpose.
The stations were painted onto the court and involved
multidirectional gait in different bases of support, unsta-
ble surfaces, functional reach, exercise with balls, and
single-leg stance. The components and exercises of the
circuit are described in Table 1.

Participants completed the circuit in pairs in order to
encourage social interaction and safety and to maximize
enjoyment. The participants exercised at each station for
2min (1min for each participant of the pair), and awhistle
was blown after 2 min to indicate the need to move on to
the next exercise station. Participants completed the circuit
in 30 min, including time for a short break to drink water.

Progression of exercises occurred every 3 weeks and
was closely supervised to ensure safety, especially in the
first week in which the progression was introduced.
Progressions were as follows: (1) exercises performed
with eyes open, (2) exercises performed with eyes
closed, (3) exercises performed with obstacles and eyes
open, and (4) exercises performed with obstacles and
eyes closed (Costa et al. 2012). Progressions were ap-
plied on an individual basis, with instructors judging

whether or not participants were ready to attempt the
more difficult activities of the next progression.

Participants were supervised by trained exercise spe-
cialists while undertaking the BEC to ensure safety and
the use of correct exercise techniques. Verbal encourage-
ment and feedback were also offered by the trainers.

Control group

The CG was asked not to alter their daily routine during
the study period. In order to maintain study participa-
tion, the BEC was offered to the CG after follow-up
assessments had been conducted.

Study measures

The primary outcome measures were balance and mus-
cle strength. Secondary outcome measures were func-
tional mobility and rate of force development. All out-
come measures were assessed at the same time of day
and by the same investigator throughout the study. As-
sessments were conducted using well-established labo-
ratory procedures for muscle strength/power and bal-
ance, including isokinetic dynamometer and force plat-
form, respectively. Validated clinical tests were used to
evaluate physical function. Also, prior to the measure-
ment of all outcomes, a familiarization trial was con-
ducted to ensure participants understood the assessment
instructions. The study measures are described below.

Static and dynamic balance

Static balance was evaluated using an AccuSway Plus
force platform (AMTI Inc.) which measures displace-
ments of the center of pressure (COP). The force plat-
form signals were sampled at 100 Hz and data were
filtered using a fourth Butterworth filter with cutoff
frequency of 10 Hz. The software Balance Clinic
(AMTI Inc.) was used for signal recording (Scoppa
et al. 2013). The reliability coefficient was described
elsewhere (r ≥ 0.75) (Ruhe 2010).

Environmental conditions during testing were kept
consistent, with no visual and auditory disturbances.
An assessor was always positioned laterally to the
platform to ensure participant safety. To standardize
participant stance position, the platform was marked
with a 2-cm width tape to indicate the desired posi-
tioning of the feet. Participants were asked to keep
their sight fixed at a mark on the wall positioned
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1.5 m away from the platform and 1.5 m above floor
level (Prado et al. 2007; Duarte and Freitas 2010) and
to breathe normally. Participants were on barefoot
and were instructed to stand for 30 s on the force
platform, with arms relaxed and with minimal body
sway. Two trials of bilateral stance with eyes closed
were completed with a 20- to 30-s rest period bet-
ween trials.

For statistical analyses, postural sway was quan-
tified by peak-to-peak amplitude COP oscillations
along the anterior/posterior and medial/lateral axis
(COPap and COPml, respectively) in centimeters
(cm) and average speed of displacement (COPvel)
in centimeters/second (cm/s). These parameters are
considered as representative of the COP displace-
ment providing information about the limits of sta-
bility of the body oscillations during a postural task,
as well as the total trajectory around a median posi-
tion during a fixed duration (Duarte and Freitas
2010; Scoppa et al. 2013). The average of two trials
in each protocol was calculated and included in
analyses.

The Timed Up & Go test was included as a measure
of dynamic balance and functional mobility and because
it has been associated with fall risk. The test measured
the time participants took to rise from a chair, walk 3 m
at their usual pace, turn, return to the chair, and sit down

(Podsiadlo and Richardson 1991). The time taken to
complete the task was recorded and the fastest of the
two trials was included in the analyses. The high reli-
ability coefficient have been described elsewhere (rang-
ing from 0.95 to 0.97) (Steffen 2002).

Isokinetic peak torque

Dominant-side knee extensor peak torque (PT) and rate
of force development (RFD) were assessed using an
isokinetic dynamometer (Biodex System 3, Medical
Systems, NY, USA). After a detailed explanation of
the procedures and calibration of the equipment, partic-
ipants were seated so that the rotation axis of the dyna-
mometer arm was aligned with the femoral lateral
epicondyle. The force application point was positioned
2 cm above the medial malleolus of the ankle. Velcro
belts were used to secure the trunk, pelvis, and thigh to
avoid possible compensatory movements. Equipment
positioning for each participant was recorded to ensure
consistent conditions for the re-assessment measure-
ments. After a warm-up involving two sub-maximal sets
of 10 repetitions, the testing protocol consisted of two
sets of four maximal contractions at 60°/s (PT60) and
two sets of fourmaximal contractions at 180°/s (PT180),
with 1-min rest intervals between sets (Bottaro et al.
2005). Participants were asked to perform contractions
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with maximum effort, and verbal encouragement was
provided during the test. The highest PT for each speed
was recorded for subsequent analyses. Baseline test/
retest reliability coefficient (ICC) value for knee exten-
sor peak torque was 0.91.

Rate of force development (RFD) at time intervals of
0–50, 0–100, 0–200, 0–300 ms, and 0-PT attainment
were calculated for PT60. Data were collected from the
Biodex software and analyzed in MATLAB R2010a
software. Data were butterworth-filtered at 10 Hz and
calculation of RFD was performed according to proce-
dures described elsewhere (Corvino 2009; Oliveira et al.
2010). Briefly, throughout the contraction, RFD was
derived as the average slope of the moment-time curve
(Δtorque/Δtime) over time. Onset of muscle contraction
was defined as the time point at which the moment curve
exceeded baseline by >7 Nm (Aagaard et al. 2002).

Functional mobility

Functional mobility was assessed with the 30-s chair
stand test and with the 6-min walk test. Prior to assess-
ment, participants were given detailed instructions and a
demonstration of the test procedures.

The 30-s chair stand test is a measure lower-body
strength, balance, and endurance. Participants were
seated in a standard-height chair with arms crossed
over the chest and were then instructed to stand up
fully and sit down fully as many times as possible
within 30 s (Rikli and Jones 2008). The reliability of
this test has been previously described (r = 0.92)
(Jones 1999).

The 6-min walk test is a measure of functional
capacity and endurance. This test was conducted
according to procedures previously described (Rikli

Table 1 Baseline characteristics for categorical variables of the total sample and of the intervention (BG) and control groups (CG)

Total (n = 23) BG (n = 10) CG (n = 13) p value

Age 68.3 ± 5.63 70.10 ± 6.6 66.92 ± 4.5 0.875

Marital status, n (%) 0.974

Maiden 4 (17.4) 2 (20) 2 (15.4)

Married 8 (34.8) 4 (40) 4 (30.8)

Widow 5 (21.7) 2 (20) 3 (23.1)

Divorcee 6 (26.1) 2 (20) 4 (30.7)

Years of formal education, n (%) 0.551

Up to 8 7 (30.5) 2 (20) 5 (38.5)

8 to 11 3 (13.0) 1 (10) 2 (15.4)

More than 12 13 (56.5) 7 (70) 6 (46.1)

Prevalent diseases, n (%)

Hypertension 13 (56.5) 6 (60) 7 (53.8) 0.768

Diabetes 3 (13.0) 2 (20) 1 (7.7) 0.385

Visual problems 21 (91.3) 9 (90) 12 (92.3) 0.846

Labyrinthitis 1 (4.3) 1 (10) 0 (0) 0.244

Arthritis 4 (17.4) 3 (30) 1 (7.7) 0.162

Osteopenia/osteoporosis 12 (52.2) 6 (60) 6 (46.1) 0.510

Number of medications, n (%) 0.285

Up to 2 17 (74.0) 9 (90) 8 (61.6)

3 or 4 5 (21.7) 1 (10) 4 (30.7)

5 or more 1 (4.3) 0 (0) 1 (7.7)

Falls in the previous year, n (%) 6 (26.1) 3 (30) 3 (23.1) 0.793

Fear of falling, n (%)a 11 (47.8) 6 (60) 5 (38.5) 0.392

Walking, n (%)b 11 (47.8) 5 (50) 6 (46.2) 0.632

aMeasured with a BYes^ or BNo^ response to the question BAre you fearful of falling?^
bMeasured with BYes^ or BNo^ response to the question BDo you practice regular physical activity?^
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and Jones 2008) using a circuit 45.72 m in length
that was marked with cones placed every 4.57 m.
Participants were instructed to walk at their own
pace in order to cover as much distance as possible
in 6 min without running. The distance covered in
6 min, measured in meters, was recorded. The reli-
ability of this test has been described elsewhere
(ranging from 0.95 to 0.97) (Steffen 2002).

Adverse events and intervention adherence

Class attendance was recorded by the BEC instruc-
tors at each session. Adverse events associated with
BEC participation were discussed at the follow-up
assessment session and recorded in the data collec-
tion forms.

Statistical analysis

Mixed analysis of variance (ANOVA) models with
Bonferroni post hoc analyses were used to examine
differences between groups before and after the in-
tervention for all outcome variables. In addition, the
effect sizes (ES) were calculated according with
Cohen’s d specifications. Data were analyzed using

SPSS v.18.0 for Windows (Chicago, IL, USA). A p
value of 0.05 was considered statistically significant
for all analyses.

Results

Baseline data

Ninety-one older women volunteered for the research
but 41 of these people did not meet the inclusion criteria.
Thus, at baseline 50 participants underwent the semi-
structured interview to obtain demographic and health-
related data. Fifteen potential participants did not com-
plete the baseline assessment and were excluded from
further participation; therefore, 35 participants were al-
located to either the balance group (BG, n = 14) involv-
ing the Balance Exercise Circuit (BEC) or to a wait-list
control group (CG, n = 21). Four BG participants
dropped out during the intervention due to reasons such
as ill health (n = 2), lack of transportation (n = 1), and
lack of interest (n = 1). Moreover, eight CG participants
were excluded from analyses due to high body weight
change during the study period (n = 1) and non-
completion of all the re-assessments (n = 7). Therefore,

Table 2 Description of movements and activities of Balance Exercises Circuit (BEC)

Stretching and warming-up Balance Exercises Circuit Cooling-down

Stretching
Lower limbs
Upper limbs

All exercises were performed in pairs and for 2 min Exercises in group
Exercises for the eyeball
Memory exercises
Ball games
Motor coordination
Rhythm exercises
Vestibular exercises
Breathing exercises

1. Side steps to the right and to the left.

2. BAirplane-like^—standing on one foot, right and left.

Warm-up exercises
Multidirectional gait
Rhythmic gait
Step change
Gait with stops
Gait with turns
Hip flexion
Hip abduction
Hip adduction
Hip extension
Knee flexion
Plantar flexion

3. Backward-sensitive walking (on the heels).

4. Backward walking on the whole foot.

5. BHit the target^ with the back turned to the target and the balls attached
by ropes on the sides.

6. Balance and walking on unstable surface (mattress, balance disc, and balance
board).

7. Sensitive walking (using only the anterior portion of the foot).

8. Forward walking on the whole foot with legs apart.

9. Multidirectional reach (difficulty levels with varying heights represented
by the numbers 1, 2, and 3).

10. Forward walking on the whole foot with legs crossed.

11. BBall in the basket^ (difficulty levels with varying distances represented
by the three divisions of the box).

12. Walking on narrowed base and circumferential path.

13. Tandem gait (straight-line forward and backward walking).
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by the end of the 12-week intervention, 23 participants,
(10 BG, 13 CG) provided data for the analyses. Figure 1
shows the flow of participants through the study
(Fig. 1).

Baseline characteristics for categorical variables ac-
cording to group allocation are presented in Table 2. The
participants in the two study groups had similar baseline
characteristics (included in Table 2). The mean age of
the sample was 68.3 (±5.63) years (range 61–81 years).
Just over one quarter (26 %) of participants had experi-
enced a fall in the past year and almost half (48 %) of the
sample reported being fearful of falling.Moreover, there
were no significant between-group differences regard-
ing age, body weight, height, or body mass index (all
p > 0.05).

Intervention adherence and participant retention

The number of BEC sessions attended ranged from 18
to 24 with a mean session attendance of 21.7 out of 24
sessions offered (SD 2.11, 91 % mean attendance).

Adverse events

There were no adverse events associated with BEC
participation. Moreover, progression was well tolerated
by all volunteers.

Effects of intervention on outcome measures

Table 3 shows the baseline and 12-week follow-up
results for the outcome measures. There were no signif-
icant between-group differences in muscle strength,
functional, or force platform variables (all p > 0.05).
ANOVA revealed a significant time × group interaction
for 6-min walking test (F(1,21) = 16.654, p = <0.01) and
isokinetic PT60 (F(1,21) = 4.559, p = 0.04) and a trend
but not quite statistical significance for PT180
(F(1,21) = 6.089, p = 0.05). For the intra-group analy-
ses, in the BG, there were significant improvements in
TUG (F(9) = 3.936, p = 0.03, ES = 0.67), and PT180
(F(9) = 2.897, p = 0.02, ES = 0.48) at follow-up. In the
CG, there was a significant decline in the 6-min walk
test performance at follow-up (F(12) = 1.278, p = <0.01,
ES = 0.55).Δ% values indicate better results for the BG
compared to the CG for all variables presented in Table
3, with the changes varying from 3.20 to 10.72 % in the
BG. In general, by the end of the intervention, all the
mean values for these outcomes were better for BG

when compared to CG, though statistically significant
differences were only noted for isokinetic muscle
strength at 180°/s (p = 0.02).

Results of force platform parameters are also present-
ed in Table 3. ANOVA revealed significant time × group
interaction for COPap (F(1,21) = 5.941, p = 0.02),
COPml (F(1,21) = 21.472, p = 0.02), and COPvel
(F(1,21) = 21.472, p = <0.01). COPap showed mean
reductions in both groups, however, at a significantly
greater degree for the BG, which showed statistical
significance (F(9) = 50.989, p = <0.01, ES = 2.96).
COPml s ign i f i can t ly dec reased in the BG
(F(9) = 0.259, p = 0.01, ES = 0.42) and significantly
increased in the CG (F(12) = 0.259, p = <0.01,
ES = 0.05). For COPvel, BG presented a mean reduction
without statistical significance, while CG showed sig-
nificant increases (F(12) = 6.677, p = <0.01, ES = 1.21).
Overall, these results indicate better static balance after
the training protocol for the BG compared with the CG,
with statistical significance for COPvel (p = 0.002).

Results for RFD are depicted in Fig. 2. There were
significant group × time interactions for 0–100
(F(1,21) = 8.643, p = 0.01), 0–200 (F(1,21) = 5.185,
p = 0.03), and 0–300 (F(1,21) = 4.742, p = 0.04) time
intervals. In addition, post hoc analyses revealed that
post-training values were significantly increased when
compared to pre-training for BG (0–100: F(9) = 2.248,
p = <0.01; 0–200: F(9) = 5.135, p = <0.01; and 0–300:
F(9) = 2.881, p = 0.04). No significant time × group
interaction was noted for 0-PT interval and RFD values
remained unchanged at re-assessment for the CG (all
p > 0.05).

Discussion

The results of this study demonstrate that the BEC
program attended twice a week for 12 weeks improved
leg strength and power, static and dynamic balance, and
mobility. The CG did not show any improvement in any
of the study outcomes. The BEC program was feasible
and acceptable, with average participant adherence
above 91 %. These results indicate that the BEC inter-
vention is likely to promote functional independence in
older women and provides preliminary evidence that it
may be effective in reducing the risk of falls.

The BEC program was not primarily designed to
improve muscle strength; however, significant improve-
ments (ranging from 6.94 to 10.38 %) were observed in
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knee extensor isokinetic PT at different angular speeds
60°/s (6.94 %) and 180°/s (0.38 %). Previous research
employing similar intervention protocols has found con-
sistent results (Eyigor et al. 2007; Carvalho et al. 2010;
Kim et al. 2010). In addition, the improvement in RFD
as a result of the intervention is highly significant in
relation to the ability to produce rapid muscle contrac-
tion to prevent a fall (Aagaard et al. 2002). To achieve
this aim of balance recovery, there is usually a need for
maximal muscle force to be reached in less than 200 ms
(Aagaard et al. 2002). Therefore, increases in muscle
strength and time to reach contraction (i.e., RFD) be-
come highly important to the older adult and are likely
to have important clinical implications for fall
prevention.

Regarding static balance, significant between-group
differences were observed in three variables of center of
pressure (CP) (COPap, COPml, COPvel) for open
stance with eyes closed protocol (OBEC), all demon-
strating advantage for the BG. This measure simulates
the natural position adopted in activities of daily living
to acquire stability, since visual information is removed
and sensory information mostly rests on the peripheral
proprioceptive system (Hurley et al. 1998). With the
absence of vision, proprioceptive and vestibular infor-
mation must be relied upon, with additional attention
demand in both systems (Teasdale and Simoneau 2001).
Of note, suppression of visual information was conduct-
ed during the progression of the BEC both in the static

and dynamic activity stations, providing specific stimuli
for the remaining sensory systems.

Agility and dynamic balance skills evaluated by the
TUG showed significant improvements (−6.3 %) after
the intervention period only in the BG. This observation
is consistent with results in previous studies that applied
interventions with similar principles used in the BEC
and with the same amount of sessions (Eyigor et al.
2007; Donat and Ozcan 2007; Fu et al. 2009; Alfieri
et al. 2010). However, these authors had superficially
described the types of exercises and stimuli, only in a
broad way, reporting only the total duration of sessions,
which was approximately 50 to 60 min.

Lower limb function and aerobic capacity assessed
with the 30-s chair stand test and 6-min walk test,
respectively, did not show significant improvements
after 12 weeks. However, we observed a trend of im-
provement in the performance of these tests in the BG
(8.06 and 3.20 %, respectively) with concomitant re-
duced performance in the control group. Furthermore,
the participants in both groups performed well in the sit
to stand test at baseline, which may have made addi-
tional gains in this area difficult to achieve over the short
study period. Previous studies that included more than
24 exercise sessions elicited improved performance in
these tests (Rubenstein et al. 2000; Carvalho et al. 2010)
and specific strength or aerobic training was also asso-
ciated with significant improvements in these measures
(Eyigor et al. 2007). We suggest that future research

Table 3 Mean (SD) of groups at baseline and follow-up, percentage change within groups, and between-group comparison at follow-up on
the outcome variables

Balance group (n = 10) Control group (n = 13)

Pre Post Δ% pa Pre Post Δ% pa pb

Timed Up & Go (s) 6.12 ± 0.54 5.72 ± 0.62a −6.53 0.03 5.89 ± 0.80 5.83 ± 0.72 −1.00 0.70 0.16

30-s chair stand test (rep) 18.60 ± 5.60 20.10 ± 4.43 +8.06 0.22 19.38 ± 4.07 18.38 ± 3.01 −5.16 0.34 0.13

6-min walking test (m)b 514.41 ± 60.35 530.89 ± 51.95 +3.20 0.06 532.14 ± 53.13 503.04 ± 50.56a −5.47 <0.01 <0.01

PT60 (Nm)b 83.32 ± 21.79 89.10 ± 15.28 +6.94 0.08 86.61 ± 9.24 83.53 ± 9.49 −3.56 0.27 0.04

PT180 (Nm)b 56.45 ± 12.69 62.31 ± 11.58a +10.38 0.02 53.47 ± 5.88 52.91 ± 6.32 −1.05 0.79 0.05

COPap (cm) 2.47 ± 0.82 0.93 ± 2.04a −62.34 <0.01 1.93 ± 0.40 0.96 ± 1.47a −50.25 <0.01 0.02

COPml (cm)b 0.96 ± 0.39 0.82 ± 0.27a −14.60 0.06 0.75 ± 0.21 0.84 ± 0.30 +12.00 0.16 0.02

COPvel (cm/s)b 1.41 ± 0.58 1.18 ± 0.46 −16.31 0.19 1.18 ± 0.38 2.04 ± 0.71a +72.88 <0.001 <0.01

PT60 peak torque at 60°/s, PT180 peak torque at 180°/s,COPap center of pressure oscillation along anterior/posterior axis,COPml center of
pressure oscillation along medial/lateral axis, COPvel average speed of displacement
a p values for within group comparisons (p < 0.05)
b p values for group × time interaction (p < 0.05)
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should include a higher intervention dose to fully inves-
tigate the effect of the BEC on these variables. A longer
duration intervention would also be in accordance with
fall prevention guidelines that recommend a dose of
50 h or more of exercise to maximize fall prevention
benefit (Sherrington et al. 2011).

The results presented are likely to have important
practical applications. The BEC program is a new

format of exercise delivery, developed with reference
to published evidence on effective exercise to maximize
balance and function and prevent falls in older age. It is
easy to reproduce the protocol used and to implement
the BEC into other settings with minimal equipment.
Importantly, these results show that the BEC is feasible
for older women with a range of comorbidities to un-
dertake safely. Furthermore, the BEC is a low-cost

Fig. 2 Contractile RFD (means)
before (open bars) and after
(hatched bars) 12 weeks of BEC
in BG and CG, respectively. Rate
of force development (RFD)
(Δmoment/Δtime) was calculated
in time intervals of 0–50, 100,
200, 300 ms, and until the peak
torque from the onset of
contraction. Group × time
interactions: *p ≤ 0.05; significant
intra-group differences:
**p < 0.05, #p = 0.08
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intervention highly reproducible and attractive and en-
joyable from the older persons’ perspective, making it a
particularly promising intervention to be delivered in
low-middle income countries. The promising results of
this study in relation to the effect of the BEC on strength,
balance, and power should prompt further investigation
of the role of the BEC in preventing falls.

We acknowledge this study has some limitations.
Firstly, the small sample size makes it difficult to draw
conclusions about wider implications of the results and
increases the likelihood of type I and II errors. However,
this was designed as a pilot study to assess the feasibility
of the BEC intervention for older people and to assess
the intervention effect on balance, strength, and function
in preparation for a planned large trial with rate of falls
as the primary outcome. Also, due to logistical proce-
dures, participants were not randomly allocated into the
two study groups. However, comparisons on
sociodemographic and outcome measures between the
groups at baseline showed that the groups were similar
at study commencement. Additionally, as we only in-
cluded females in this study, the effect of the BEC in
men is not clear. Finally, the intervention was limited to
only 12 weeks of BEC, which we acknowledge to be
less than the recommended 50 or more hours of balance
challenging exercise that is recommended in clinical
guidelines (Sherrington et al. 2011) and which is likely
to reduce the risk of falls in older people. Future studies
should therefore include a longer duration intervention
and should have a large enough sample size to be
powered to examine the effect of the BEC intervention
on falls rates in older people.

Conclusions

These results show that the BEC program is an ac-
ceptable and effective intervention for older women
to promote improvements in important aspects of
physical functioning, autonomy, and health. Specifi-
cally, the intervention resulted in improved muscle
strength and power, balance, and functional capacity
in a sample of older women. High participant adher-
ence with the intervention illustrates the importance
of programs that incorporate socialization, exercises
that are similar to activities of daily living and a
supervised and supported approach to attract and
retain participation by older women.
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