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Purpose: The purpose of the study was to evaluate the effect of BodyBalance® training on 

balance, functional task performance, fear of falling, and health-related quality of life in adults 

aged over 55 years.

Participants and methods: A total of 28 healthy, active adults aged 66±5 years completed 

the randomized controlled trial. Balance, functional task performance, fear of falling, and 

self-reported quality of life were assessed at baseline and after 12 weeks. Participants either 

undertook two sessions of BodyBalance per week for 12 weeks (n=15) or continued with their 

normal activities (n=13).

Results: Significant group-by-time interactions were found for the timed up and go (P=0.038), 

30-second chair stand (P=0.037), and mediolateral center-of-pressure range in narrow stance 

with eyes closed (P=0.017). There were no significant effects on fear of falling or self-reported 

quality of life.

Conclusion: Twelve weeks of BodyBalance training is effective at improving certain balance 

and functional based tasks in healthy older adults.

Keywords: postural control, yoga, tai chi, center of pressure, exercise

Introduction
Age-related changes in balance and functional task performance are well-established 

and evident from the fourth and fifth decades of life in men and women.1,2 Deficits 

in balance are associated with falls,3 difficulties with activities of daily living,4 and 

poor survival5 in older adults. Fortunately, appropriate exercise can improve balance 

performance6 and contribute to improved mobility,7 independence, and a reduction 

in the risk of falling.8 Interventions utilizing traditional or holistic exercises, such as 

tai chi,9 Pilates,10 and yoga,11 have all been found to improve balance in older adults. 

A number of authors have also highlighted the importance of delivering preemptive 

exercise interventions to middle-aged and older adults before deteriorations in bal-

ance and mobility lead to adverse outcomes.12,13 Additionally, such interventions may 

reduce fear of falling and improve quality of life.14 These aspects are important, as fear 

of falling is associated with a reduction in physical activity and subsequent increased 

fall risk,15 while improving health and quality of life are important motivators for 

exercise in older adults.16

While there are various exercise options that are capable of improving balance 

in middle-aged and older adults, gym-based activities are becoming increasingly 

popular in this age-group.17,18 Group fitness classes that incorporate appropriate 

challenges to balance are likely to be successful at improving balance outcomes. 
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BodyBalance® (Les Mills) (BodyFlow™ in the US) is 

one gym-based activity that has the potential to promote 

improvements in balance, as it is comprised of yoga, tai 

chi, and Pilates elements, all of which in isolation can 

successfully improve balance.7,19,20 The prechoreographed 

class is available in over 14,000 fitness facilities globally, 

so its potential reach is vast. It has been subject to just one 

peer-reviewed study, in which benefits in strength, state 

– anxiety, and flexibility were found in young and middle-

aged adults.21 The effect of BodyBalance on balance and 

functional task performance has yet to be determined in 

middle-aged or older adults.

The primary aim of this study was to determine whether 

12 weeks of BodyBalance classes would improve balance 

and functional task performance in healthy, active adults aged 

over 55 years. Secondary aims were to determine the effect 

of BodyBalance training on fear of falling and self-reported 

quality of life. It was hypothesized that 12 weeks of Body-

Balance training would improve measures of balance and 

functional task performance without having an effect on fear 

of falling or self-reported quality of life.

Participants and methods
study design and intervention
A two-group, repeated-measures, randomized controlled 

trial was used to determine the effect of a 12-week BodyBal-

ance training program. Men and women aged 55–75 years 

not involved in formal resistance or balance training in 

the previous 6 months were invited to participate in the 

study. All participants were physically active, taking part 

in regular exercise, such as walking, cycling, and swim-

ming. Exclusion criteria included: acute or terminal ill-

ness, myocardial infarction in the past 6 months, recent 

low-impact fracture, or any condition that would interfere 

with moderate-intensity exercise participation. Participants 

were recruited through an adult-education facility and via 

local advertising. All participants provided written informed 

consent conforming to the Declaration of Helsinki before 

participating in the study. The study protocol was approved 

by the Human Research Ethics Committee of the University 

of the Sunshine Coast.

Participants were allocated to either the intervention 

(BodyBalance [BB]) or control (CON) group in a 1:1 ratio 

using a computer generated random-number list (stratified 

for age and sex). The participants were informed of their 

allocation after baseline data collection.

Participants in the BB group undertook 12 weeks of 

BodyBalance classes. Participants were provided with free 

access to a local fitness facility, and were encouraged to 

attend two scheduled classes per week. All classes were 

instructed by experienced group fitness instructors who were 

not associated with testing or recruitment of participants. The 

focus of the first 2 weeks of the intervention was for each 

participant to learn the exercises and postures of the class 

appropriately. As such, the transitions between postures were 

deliberately slow in the first 2 weeks. From week 3 onward, 

all classes were instructed at a level that one would expect 

to encounter if they took part in a BodyBalance class at a 

local gym. The class involves a variety of poses and exercises 

that are derived from yoga, tai chi, and Pilates (Table 1). The 

class instructor provided basic, intermediate, and advanced 

options for each pose or exercise. CON-group participants 

were encouraged to continue with their normal activities, but 

did not take part in any class.

Measures
All measures were completed during a single session for each 

participant at baseline and follow-up. Two questionnaires 

Table 1 Typical BodyBalance® class components 

Track Origins Typical inclusions

1. Tai chi warm-up Tai chi Weight transfers in wide wu chi position, shield, and block
2. sun salutations Yoga sun salutations: incorporating mountain pose, lunge, down 

dog, plank, crocodile, cobra, up dog
3. standing strength Yoga, tai chi Warrior one, warrior two, triangle, sun warrior
4. Balance Yoga, tai chi Tree, star, eagle, knee to chest, half moon
5. hip openers Yoga Swan, modified half lotus, half lotus with side bend, frog
6. Core – abdominals Pilates, yoga leg drop/toe tap, leg scoop, plank, side plank, boat pose
7. Core – back Pilates, yoga Pointers, bow pose, lower locusts, child’s pose
8. Twists Yoga, tai chi lunge spinal twist, standing spinal twists, supine spinal 

twists, seated spinal twists
9. Forward bends Yoga, tai chi Forward folds, cross-leg forward folds, happy baby pose, 

supine adductor/abductor stretch
10. relaxation/meditation Yoga, meditation relaxing the body, centering breath
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were completed at the start of the session to assess fear of 

falling and self-reported quality of life. The assessment of 

balance on a force platform was then conducted followed 

by a battery of established clinical balance assessments and 

functional tasks.

Questionnaires
The 10-item Iconographical Falls Efficacy Scale22 was 

completed at the start of each balance-assessment session 

to provide an indication of each participant’s fear of falling. 

The Short Form (36) Health Survey (SF-36)-v2 (Australian 

version) was also completed at baseline and follow-up to 

assess the self-reported quality of life of each participant. 

SF-36v2 percentage scores were converted to t-scores using 

Health Outcomes™ Scoring Software 4.5 (QualityMetric, 

Lincoln, RI, USA) for analysis and interpretation.

Center-of-pressure balance assessment
Balance and functional task assessments were conducted at 

baseline and immediately postintervention. All measures 

were assessed with participants unshod. Participants per-

formed a series of four different standing-balance tasks on 

a strain-gauge 4060-08 force platform (Bertec, Columbus, 

OH, USA). The force plate was calibrated in accordance with 

the manufacturer’s recommendations. Signal processing and 

data analysis were performed using Track Manager (Quali-

sys, Gothenburg, Sweden). Data were sampled at a rate of 

50 Hz, with a cutoff frequency of 10 Hz. The balance tasks 

were comfortable stance (eyes open and closed) and narrow 

stance (eyes open and closed). For the comfortable stance 

positions, participants stood with their feet at pelvic width, 

while for the narrow stance position they stood with their 

feet together with the first metatarsal–phalangeal joints and 

medial malleoli touching. Participants were instructed to keep 

their hands by their sides and to remain as still as possible 

while looking straight ahead. Two successful repetitions of 

30 seconds in each position were performed, with 60 sec-

onds’ rest between trials. The same order was followed for 

all participants at each testing session: comfortable stance, 

eyes open, followed by comfortable stance, eyes closed, then 

narrow stance, eyes open, and finally narrow stance, eyes 

closed. The mediolateral center-of-pressure (COP) range 

for each stance position was used for data analysis. The 

mediolateral COP range is the distance between the maximal 

and minimal position of the COP in the frontal plane.23 High 

test–retest reliability for this COP parameter was found in 

pilot testing with 20 similar-aged participants (intraclass 

correlation coefficient 0.86).

single-leg balance
With their eyes open, subjects raised the nonstanding leg so 

that the raised foot was near but not touching the ankle of the 

stance limb and maintained that position for as long as long 

as they could up to a maximum of 60 seconds.24 Time was 

measured with a digital stopwatch. Timing commenced when 

the subject lifted the foot off the floor, and timing ceased 

when the subject either 1) used their arms (moved arms away 

from their side) to balance, 2) moved the weight-bearing 

foot to maintain balance, 3) a maximum of 60 seconds had 

elapsed, 4) placed their nonstanding leg on the ground, or 

5) required assistance to maintain balance. Two successful 

trials on each leg were recorded (left leg assessed first), and 

the mean of the two scores was used for analysis.

Functional reach
The subject stood with feet a comfortable distance apart behind 

a line perpendicular and adjacent to a wall (foot position noted 

for each subject). Subjects were asked to make a fist and to raise 

the arm closest to the wall to shoulder height, and the position 

of the third metacarpal was recorded. The subject was then 

instructed to keep the feet flat on the floor and lean forward 

as far as possible without losing balance, touching the wall, 

or taking a step.25 The position of the third metacarpal was 

recorded at the point of furthest reach. The functional reach is 

the difference between the two measures. Two measures were 

recorded for the right side (left side was used if right shoulder 

mobility was limited), and the mean used for analysis.

lateral reach
The subject stood with their back to (but not in contact with) 

a wall. Feet were placed in a standardized position with 0.1 m 

between the most medial aspects of the heels, with each foot 

angle out at 30°. To ensure accurate recording of the initial 

hand position, subjects stood for 10 seconds with both arms 

abducted and maintained equal weight bearing, and the posi-

tion of the tip of the third finger was measured. Subjects were 

given standardized instructions to reach directly sideward 

as far as possible without overbalancing, taking a step or 

touching the wall.26 The perceived maximal reach position 

was maintained for 3 seconds and recorded. The distance 

between the initial hand position and maximal reach position 

is the lateral reach. Two successful trials were performed for 

each side and the mean used for analysis.

Timed up and go
Subjects were seated in a normal armchair (0.44 m high) with 

their back against the chair. They were instructed to stand 
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up, walk 3 meters as quickly and safely as possible past a 

marker on the floor, turn around, walk back to the chair, and 

sit down with their back against the chair.27 Time started on 

the command “Go” and stopped once the subject’s back was 

against the chair after completing the walk. The mean of two 

trials was used for analysis.

normal gait speed
Subjects were instructed to stand still with their feet just 

behind a starting line marked with tape, and then to walk at 

their “normal, comfortable pace” along a 6-meter course until 

a few steps past the finish line after the examiner’s command 

of “Go”. Timing with a digital stopwatch commenced with the 

first footfall and stopped with the subject’s first footfall after 

crossing the 6-meter end line.28 The mean time for two trials 

was converted to gait speed (m/s) and used for data analysis.

Fast-gait speed
Subjects were instructed to stand still with their feet just 

behind a starting line marked with tape, and then to walk “as 

quickly as possible without running” along a 6-meter course 

until a few steps past the finish line after the examiner’s 

command of “Go”. Timing with a digital stopwatch com-

menced with the first footfall and stopped with the subject’s 

first footfall after crossing the 6-meter end line. The mean 

time for two trials was converted to gait speed (m/s) and 

used for data analysis.

Thirty-second chair-stand test
The 30-second chair stand test was administered using a chair 

without arms, with a seat height of 0.44 m. The back of the 

chair was placed against a wall to prevent it from moving 

during the test. The test began with the subject seated in the 

middle of the chair, feet approximately shoulder width apart 

and placed on the floor at an angle slightly behind the knees. 

Arms were crossed at the wrists and held against the chest. 

On the “Go” signal, the subject rose to a full stand and then 

returned back to the initial seated position, then completed as 

many full stands as possible within 30 seconds.29 The mean 

of two trials was used for analysis.

Floor rise to standing
The participants started in a supine position with their legs 

and feet together and arms by their side with palms down. 

Timing started on the “Go” command, and participants rose 

to full standing as fast as possible.30 Timing ceased when the 

patient was fully upright and had come to a complete stop. 

The mean of two trials was used for analysis.

Data analysis
All data are reported as means and standard deviation. 

Primary outcomes were changes in balance and func-

tional task performance from baseline in response to the 

12-week BodyBalance intervention. Secondary outcomes 

were changes in fear of falling and self-reported quality of 

life. Potential differences between groups at baseline were 

assessed by independent t-tests. A repeated-measures general 

linear model was used to determine group (BB, CON) and 

time (baseline, 12 weeks) effects on primary and secondary 

outcomes. Baseline values were used as covariates in the 

general linear model for any measures that were different 

between groups at baseline. Partial η2 was used to determine 

the effect size for each outcome variable. A priori power 

calculations were performed for the key balance variables 

of timed up and go (TUG) and gait speed based on previous 

research,10,31 indicating that a sample size of 15 participants 

per group would be required to provide greater than 80% 

power at a level of 0.05. To account for a 10% attrition rate, 

a total of 17 participants per group was required. Analyses 

were performed using SPSS (IBM, Armonk, NY, USA). 

Statistical significance was set at P0.05.

Results
study population and compliance
Twenty-eight participants aged between 57 and 73 years 

(BB, n=15, age 66±4.9 years; CON, n=13, age 66±5.1 years) 

completed all baseline and follow-up testing (Table 2). All 

participants were active adults living independently within 

the community, and did not require assistive devices for 

ambulation. All BB participants that started the program 

completed the intervention, with a mean attendance of 

22±2.1 classes resulting in an overall compliance of 92%. 

One BB participant reported ongoing low-back pain dur-

ing classes, but was able to complete the program and 

follow-up testing, but did require physiotherapy treatment. 

No other adverse events were reported during the interven-

tion. Three participants from CON were lost to follow-up 

Table 2 Baseline participant characteristics 

Measure BodyBalance®  
(n=15)

Control  
(n=13)

P-value

Age (years) 66.0±4.9 65.9±5.1 0.95
height (m) 1.66±0.09 1.67±0.09 0.61
Weight (kg) 73.9±19.3 66.7±13.0 0.27
Body mass index (kg/m2) 26.6±3.9 23.6±2.6 0.034
Females, males 11, 4 12, 4 0.74

Notes: Values presented as means ± standard deviation; P-values based on independent 
t-tests.
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after  completing baseline testing (Figure 1). There were no 

significant individual differences between those who with-

drew and those who completed all testing for any primary 

or secondary outcome measure.

effects on balance measures and 
functional tasks
There were no significant differences between groups in any 

balance measure or functional task at baseline (Table 3).  

There were significant group-by-time interactions in favor 

of BB for the 30-second chair-stand test (F
1,26

=4.9, P=0.037, 

partial η2=0.18), the TUG (F
1,26

=4.8, P=0.038, partial 

η2=0.17) and mediolateral COP range in narrow stance, 

eyes closed (F
1,26

=6.2, P=0.017, partial η2=0.13) (Table 3  

and Figures 2–4). There was a significant group-by-time 

 interaction for single leg, stance left (F
1,26

=5.9, P=0.024, 

partial η2=0.20), indicating an increase in stance time for 

CON. There were significant time effects for lateral reach, left 

(F
1,26

=4.9, P=0.037, partial η2=0.18), 30-second chair-stand 

test (F
1,26

=23.0, P0.001, partial η2=0.51), and mediolateral 

COP range with comfortable stance, eyes closed (F
1,26

=5.7, 

P=0.022, partial η2=0.12). These time effects all indicated 

an improvement between baseline and follow-up.

effects on fear of falling and  
self-reported quality of life
There were no significant baseline group differences 

between groups for fear of falling or any self-reported 

quality-of-life measure (Table 4). There were no sig-

nificant group-by-time interactions for fear of falling or 

quality-of-life measures. There was a significant time 

effect for bodily pain (F
1,26

=7.45, P=0.014, partial η2=0.29), 

Figure 1 Project flowchart.

Assessed for eligibility (n=35)

Excluded (n=4)
Not meeting inclusion criteria (n=2)
Declined to participate (n=2)

Allocated to intervention (n=15)

Lost to follow-up (n=0)

Analyzed (n=15)

Enrollment

Completed baseline
testing (n=31)

Analyzed (n=13)

Lost to follow-up (n=3)

Due to travel (n=1)

Due to family commitments (n=1)

Declined to participate following
randomization (n=1)

Allocated to control (n=16)Randomization and
allocation

Follow-up

Final analysis
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indicating more reported pain (lower t-score) at follow-up 

compared to baseline for both groups.

Discussion
This study provides the first controlled evaluation of the 

effects of BodyBalance training on balance, functional task 

performance, fear of falling, and health-related quality of 

life in middle-aged and older adults. The results of this study 

partly support the hypothesis that measures of balance and 

function would improve after 12 weeks of BodyBalance train-

ing, and that there would be no evident improvement in fear 

of falling or self-reported quality of life. Greater improve-

ments were observed for the BB group in the 30-second chair-

stand test, TUG, and mediolateral COP range in comfortable 

stance with eyes closed. Interestingly, greater improvements 

were evident in the CON group for single-leg stance, left: a 

measure of static standing balance. There were no significant 

improvements in fear of falling or self-reported quality of 

life following the BodyBalance intervention.

The baseline values obtained for this cohort indicated 

that both groups were comprised of well-functioning par-

ticipants with good levels of balance, low fear of falling 

levels, and high self-reported quality of life. For example, 

the mean TUG time for this cohort was over 2 seconds 

quicker than normative values for similar-aged healthy 

adults,2,27 and the physical components of self-reported 

quality of life were approximately 15% higher than 

Australian normative values.32

BodyBalance is comprised of elements from yoga, tai 

chi, and Pilates, so the results of this study will be discussed 

in the context of these interventions. The improvements in 

a small selection of tasks in this study are in partial agree-

ment with previous studies that have found improvements 

in balance and functional tasks after yoga-,7 tai chi-,19 and 

Pilates-based33 interventions in similar-aged adults. T
ab
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Figure 2 Values (means ± standard error) for the timed up and go (TUg) at baseline 
and follow-up.
Note: *Significant (P=0.038) group-by-time interaction.
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The improvements in both the TUG and chair-stand test is 

of note, as both involve the sit-to-stand transfer: a task that 

represents a complex functional movement that is influenced 

by lower-limb strength, balance, and sensorimotor and psy-

chological factors.34 Performance in the TUG and chair-stand 

tests are predictive of function and falls in older adults,35,36 so 

any improvement in these tasks is of benefit to even healthy 

and mobile older adults.

The improvement in mediolateral COP range in narrow 

stance with eyes closed suggests an improvement in the most 

challenging static balance task assessed in this study. Lower 

COP ranges in the mediolateral direction are typically seen in 

younger adults and nonfallers, while higher COP ranges in 

both narrow stance and normal stance positions are seen 

in fallers37 or those with poor clinical balance.38 The results of 

this study are in contrast to previous tai chi39,40 interventions 

that have been unable to demonstrate training-induced 

improvements in COP displacements in bipedal stance. 

The results from the current study suggest that static 

 standing-balance improvements provided by the interven-

tion may be best observed in more demanding balance tasks 

Figure 3 Values (means ± standard error) for the 30-second chair-stand test (CsT) 
at baseline and follow-up.
Note: *Significant (P=0.037) group-by-time interaction.
Abbreviation: rep, repetition.
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Figure 4 Values (means ± standard error) for mediolateral center-of-pressure 
(COP) range in comfortable stance with eyes closed at baseline and follow-up.
Note: *Significant (P=0.017) group-by-time interaction.
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where visual cues are limited. This is supported by previous 

studies assessing Pilates41 and tai chi42 that have reported 

greater disparity in postural stability between exercising 

participants and controls in more demanding tasks compared 

to simple balance tasks. Recent work in middle-aged women 

demonstrated that poor performance in a balance task that 

confounded the use of vision and somatosensation was the 

only task to predict future falls.43 The inclusion of more 

demanding balance tasks, such as those that simultaneously 

challenge proprioception and vision, may have better identi-

fied any improvements provided by the intervention.

The lack of significant improvement in reaching and single 

leg standing tasks in the BB group was likely due to a number 

of factors, including the already-good balance performance 

of participants at baseline and the high variability of some 

testing measures. For example, participants in the current 

study had single-leg stance times approximately 10 seconds 

longer than previously reported normative values,44 while 

lateral reach was approximately 15% longer than previously 

reported.2 Although there was a group-by-time interaction in 

favor of the CON group in single-leg stance, left, it is unlikely 

this small improvement represents a real change, as this test 

lacks sensitivity in well-functioning older adults,45 although it 

is an appropriate tool for predicting functional decline.46 The 

intervention itself, although comprising elements of activities 

shown to improve balance, may not have been challenging 

enough to provide consistent improvements in balance out-

come measures. As a number of options were available to 

participants for each exercise or pose, participants may have 

inadequately challenged their balance by performing less 

challenging options. The study duration and volume were 

likely sufficient to provide improvements in balance, given 

the positive results of training interventions ranging from 

12 to 16 weeks in similar-aged cohorts.7,19,33

Balance-exercise guidelines provided by the American 

College of Sports Medicine recommend using activities 

that include: progressively difficult postures that gradually 

reduce the base of support; dynamic movements that perturb 

the center of gravity; stress to postural control muscles; or 

reducing sensory input.47 Like a number of other modalities, 

such as yoga and tai chi, BodyBalance achieves three of the 

four recommendations by incorporating progressively dif-

ficult postures, dynamic movements that perturb the center 

of gravity, and stressing postural control muscles. BodyBal-

ance may prove to be a more effective modality if greater 

challenges to sensory input and dual tasking are incorporated 

into its choreography.

There were no intervention effects on fear of falling or 

self-reported quality of life. The lack of change for fear of 

falling was most likely due to the low baseline values for 

both groups. Low values represent low levels of fear, which 

may have produced a floor effect similar to that seen with 

other fear-of-falling questionnaires.48 Previous studies that 

have reported reduced fear of falling following balance-based 

interventions49,50 have typically targeted older adults with a 

history of falls or impaired balance, and as such those partici-

pants are more likely to have higher levels of fear that may 

be reduced with appropriately targeted programs. The lack 

of improvement in quality-of-life measures is not surprising 

given the high baseline scores, which would have limited the 

potential for improvement. The physical component scores of 

this cohort were approximately 15% higher than Australian 

norms, while mental component scores were approximately 

5% higher than previously reported.32

A number of study limitations require attention. Firstly, 

the small sample size and low observed power for a num-

ber of measures in this study limited our ability to detect 

between-group differences (if differences were present). The 

balance-assessment tasks used in this study may not have 

provided enough challenge to those with good balance ability, 

thus creating a ceiling effect and limiting the potential for 

observing any improvement. Other confounding measures, 

such as cardiovascular parameters, were not assessed, which 

may have had an impact on results. As a healthy, active 

cohort with good balance ability was recruited for this study, 

the generalizability of these results in sedentary persons, 

recurrent fallers, or those with balance impairments cannot 

be determined.

Conclusion
Twelve weeks of BodyBalance training was effective at 

improving performance in the TUG and 30-second chair-

stand test and reducing mediolateral COP range in nar-

row stance with eyes closed in healthy, active adults aged 

59–73 years. BodyBalance training was not effective at 

improving single-leg balance, reaching tasks, gait speed, or 

floor rise to standing. BodyBalance training did not positively 

influence fear of falling or self-reported quality of life any 

more than habitual activity. It appears that BodyBalance 

training may be an appropriate modality for enhancing cer-

tain aspects of balance and functional performance in this 

age-group. Future studies should assess the effect of such 

training on those with impaired balance, a fear of falling, or 

a history of falls.
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