
Balance Confidence Improves with Resistance or Agility 
training: Increase is not Correlated with Objective Changes in 
Fall Risk and Physical Abilities

Teresa Liu-Ambrose, MSc, PT1, Karim M Khan, MD, PhD1,4, Janice J Eng, PhD, PT/OT2,3 

[Professor], SR Lord, PhD5, and HA McKay, PhD4,6

UBC Bone Health Research Group: BC Women’s Hospital and Health Centre Osteoporosis 
Program and Faculty of Medicine, University of British Columbia, Vancouver, BC, Canada

Abstract

Background—While the fear of falling is a common psychological consequence of falling, older 

adults who have not fallen also frequently report this fear. Fear of falling can lead to activity 

restriction that is self-imposed rather than due to actual physical impairments. Evidence suggests 

that exercise can significantly improve balance confidence, as measured by falls-related self-

efficacy scales. However, there are no prospective reports that correlate change in balance 

confidence with changes in fall risk and physical abilities as induced by participating in a group-

based exercise program.

Objective—The primary purpose of this prospective study was to examine the relationship 

between the change in balance confidence and the changes in fall risk and physical abilities in 

older women with confirmed low bone mass after 13 weeks of exercise participation. The 

secondary purpose of this study was to examine the relationship between the change in balance 

confidence and the change in physical activity level.

Methods—The sample comprised 98 women aged 75 to 85 years old women with low bone 

mass. Participants were randomly assigned to one of three groups: Resistance Training (n=32), 

Agility Training (n=34), and Stretching (sham) exercises (n=32). The 50-minute exercise classes 

for each study arm were held twice weekly at a local YMCA community centre.

Results—Both resistance training and agility training significantly improved balance confidence 

by 6% from baseline after 13 weeks. However, the change in balance confidence was only weakly 

correlated with improved general physical function and not significantly correlated with the 

changes in fall risk score, postural stability, gait speed, or physical activity level. As well, we 

observed balance confidence enhancement in the presence of increased fall risk or deterioration in 

physical abilities.
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Conclusions—Two different types of exercise training improved balance confidence in older 

women with low bone mass. This change in balance confidence was significantly correlated with 

change in general physical function. Because of the observation of discordance between balance 

confidence change and changes in fall risk and physical abilities, those who design group-based 

exercise programs for community-dwelling older adults may wish to consider including an 

education component on factors that influence fear of falling. Objective changes in fall risk factors 

cannot be assumed to mirror change of fear of falling and physical abilities in older adults in the 

short-term.
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INTRODUCTION

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

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

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

numbers continuing to rise [1].

While the fear of falling is a common psychological consequence of falling, older adults 

who have not fallen also frequently report this fear. Prevalence rates of fear of falling vary, 

but average prevalence in older adults who do not have a history of falling is 30% or more 

and it is double that in those older adults who have fallen [2, 3]. The prevalence of fear of 

falling is higher among women than men [4–6]. Fear of falling can lead to activity restriction 

that is self-imposed rather than due to actual physical impairments [5]. Thus, fear of falling 

is an independent contributor of functional decline and consequently, the loss of 

independence, among older adults [7].

Fear of falling has been associated with poor performance on tests of balance, including 

increased spontaneous sway and decreased one-leg stance time [4], reduced gait speed [8], 

reduced independence, poor quality of life, poor health [7], and depressed mood [6]. Fear of 

falling has also been identified as an independent predictor of falls in community dwelling 

older adults in a 20-month, population based, prospective study [9].

Considering that there is a strong association between fear of falling and physical function 

[3, 8], it appears that interventions, such as fall prevention programs, should attempt to 

simultaneously improve physical function and balance confidence. There is evidence that 

exercise can significantly reduce the fear of falling [10–13]. We hypothesize that 

participating in a group-based exercise program has the potential to augment low balance 

confidence (i.e. reduce fear of falling) by improving quality of life, increasing social 

interaction with peers, reducing anxiety and physical frailty. It is important that any 

enhancement of balance confidence is accompanied by an appropriate change or 

improvement in physical abilities. However, to our knowledge, there are no prospective 

reports that correlate change in balance confidence, as assessed by a falls-related self-

efficacy scale, with change in physical abilities as induced by participating in a group-based 

exercise program. Furthermore, very little data exists on balance confidence in older people 
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with low bone mass. As individuals with low bone mass are susceptible to sustaining fall-

related fractures, their balance confidence may not be as amendable as previously reported 

in other populations [10, 11].

Thus, the primary purpose of this prospective study was to examine the relationship between 

the change in balance confidence, as measured by the Activities-Specific Balance 

Confidence (ABC) Scale, and the changes in fall risk and physical abilities in older women 

with confirmed low bone mass after 13 weeks of exercise participation. As physical activity 

curtailment is a common consequence of fear of falling, the secondary purpose of this study 

was to examine the relationship between the change in balance confidence and the change in 

physical activity level.

METHODS

Participants

The sample comprised 98 women aged 75 to 85 years when recruited (mean age=79, SD=3) 

who participated in our randomized, controlled prospective study that examined the effects 

of three different types of group-based exercise programs (resistance training, agility 

training, and general stretching) on fall risk [14] and bone health. These women were 

residents of greater Vancouver and in whom osteoporosis or osteopenia had been diagnosed 

by dual-energy x-ray densitometry (defined as a T-score at the total hip or spine at least 1.0 

standard deviations below the young normal sex-matched areal bone mineral density of the 

Lunar reference database) [15]. Six hundred and eighty-three letters of recruitment were 

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

advertisements were also used to aid in recruitment.

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

the revised physical activity readiness (Par-Q) questionnaire [16, 17], and were then invited 

to an information session where a physician (KMK) further screened all potential 

participants. We excluded women who were: living in care facilities, of non-Caucasian race, 

regularly exercising twice weekly or more, had a history of illness or a condition for which 

exercise may cause adverse effects, had a history of illness or a condition that would affect 

balance (i.e. stroke and Parkinson’s disease), or had a Mini Mental State Examination 

(MMSE) [18] score of ≤ 23. After baseline measurement, all participants were randomly 

assigned to one of three groups: Resistance Training, Agility Training, and Stretching. 

Randomization was stratified by baseline postural stability (total sway path in mm). Figure 1 

describes the number of participants in each study arm.

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

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

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

Descriptive Variables

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

participants. Cognitive state was assessed using the 30 point Mini-Mental State Examination 

(MMSE) [18]. Whether a participant required a walking aid was also recorded.
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General health was assessed by a subset of questions from the Canadian Multicentre 

Osteoporosis Study (CaMOS) questionnaire [19] that relate to current medication use, the 

presence of associated medical conditions known to be fall risk factors (such as 

osteoarthritis), and fall history (in the last 4 weeks). This questionnaire was administered at 

baseline by trained interviewers. All participants underwent a physician review of medical 

history and physical examination after completing the screening questionnaire.

Outcome Measures

The outcome measures were assessed at baseline and after 13 weeks of study participation.

Fall Risk Assessment—Each participant’s fall risk was assessed by Lord’s Physiological 

Profile Assessment (PPA) © [20] (Prince of Wales Medical Research Institute, Randwick, 

Sydney, NSW, Australia). The PPA is a valid [21, 22] and reliable [23] tool for assessing fall 

risk in older people. Based on the performance of five key physiological tasks, the PPA 

computes a fall risk score (z score; standardized score) for each individual and this score has 

a 75% predictive accuracy for falls in older people [21, 22]. The five key components of the 

PPA are: postural stability, dominant quadriceps strength, dominant hand reaction time, joint 

position sense, and edge contrast sensitivity. The assessment methods for these components 

of PPA have been previously described by Lord and coworkers [20–22].

Posture Stability—Postural stability was assessed by the method described by Lord and 

coworkers [20]. Individuals were asked to stand as still as possible for 30 seconds on 

medium-density foam with their eyes open. As participants attempt to stand as still as 

possible for 30 seconds, total sway path in millimetres (mm) was determined from the path 

traced by the Lord swaymeter [22].

Gait Speed—As decreased gait speed is a significant and independent predictor of fall 

[22]and fracture risk in older women [24], participants were asked to walk without shoes 

and without the use of walking aids along an 8-meter path, first at a self-selected speed and 

then at a fast-paced but safe speed [25]. The test-retest reliability of gait speed in our 

laboratory is 0.95 (ICC). Gait speed was calculated from the mean of three trials. The 

cumulative distance and time of consecutive strides (i.e. from foot contact with one leg to 

the next foot contact with the same leg) were recorded by infrared-emitting diodes (Northern 

Digital) attached to the foot during the middle section (i.e. approximately a 4-meter section, 

representative of constant gait speed) of the 8-meter walkway.

General Physical Function—General physical function was assessed using the Howe et 

al.’s [26] Community Balance and Mobility Scale. This scale is a performance-based 

balance and mobility measure consisting of 13 items each rated at a 5-point scale (maximum 

of 85 points). It includes items such as timed single leg stand, tandem walking, and stair 

mobility. This novel scale was chosen because present balance and mobility measures do not 

adequately assess high-level function [27, 28]. Initial test-retest reliability for the 

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

0.975. The internal consistency of the scale is also very high (Cronbach’s alpha=0.96) [26].
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Balance Confidence—The 16-item Activities-specific Balance Confidence Scale [29] 

assessed balance confidence, with each item rated from 0% (no confidence) to 100% 

(complete confidence). The maximum score achievable is 1600, which is then averaged over 

the 16 items to provide a score out of 100. This scale has a two-week test-retest reliability of 

ICC=0.92 and internal consistency Cronbach’s alpha of 0.96. The ABC score is correlated 

with other measures of self-efficacy, distinguishes between individuals of low and high 

mobility, and corresponds with balance performance measures [8, 10].

Physical Activity Level—Each participant’s current level of physical activity was 

determined by the Physical Activities Scale for the Elderly (PASE) questionnaire[30, 31]. 

The PASE questionnaire is valid and reliable for older adults [30, 31]. Its score is 

significantly associated with physiologic and performance characteristics [31].

Exercise Intervention

The exercise intervention began one week after baseline measures were completed. 

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

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

were 50 minutes in duration. The head instructor of each class recorded attendance daily. 

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

compliance is expressed as the percentage of the 48 classes (maximum number of classes) 

attended.

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

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

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

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

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

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

downs, mini-squats, mini-lunges, hamstring curls, calf raises, and gluteus maximus 

extensions on a mat.

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

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

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

by week four. The training stimulus was increased using the 7RM method [32], when two 

sets of six to eight repetitions were completed with proper form and without pain or 

discomfort. Squats, lunges, and gluteus maximum extensions, however, did not follow the 

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

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

The number of sets completed and the load lifted for each exercise were recorded every class 

for each participant.

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

eye coordination, 2) foot-eye coordination, 3) dynamic balance, 4) static balance and 5) 

psychomotor performance (reaction time). Ball games, relay races, dance movements, and 
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obstacle courses were used to achieve these goals. A logbook was maintained detailing the 

content of each week’s classes and is available from the first author (TLA). Due to the 

potential risk of falls in the Agility Training class, participants were given KPH® (Tampere, 

Finland) hip protectors and all instructors provided very close supervision and ‘spotting’ as 

in gymnastics training.

Stretching—The content of the Stretching class consisted of stretching exercises, deep 

breathing and relaxation techniques, and general posture education. There is no evidence 

that these exercises reduce fall risk [33]. This group served to control for confounding 

variables such as physical training received by traveling to the community centre for twice-

weekly classes, social interaction and changes in lifestyle secondary to study participation.

Data Analyses

Data were analyzed using SPSS (Windows Version 11.0). Descriptive data are reported for 

variables of interest (i.e. mean, standard deviation, and range).

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

Square test for differences in proportions and ANOVA for differences in means. A repeated 

measures analysis of variance model was constructed to determine the between- and within-

group differences in balance confidence after 13 weeks of exercise participation.

We determined the level of association between change in balance confidence and the 

following variables for the entire cohort (N=98) using the Spearman rank correlation 

coefficients: change in fall risk score, change in postural stability, change in gait speed, 

change in general physical function, and change in physical activity level. Change was 

calculated as the post-intervention value minus the baseline value. The use of the Spearman 

rank correlation coefficient was warranted, as the distribution of the change scores for 

balance confidence was not normally distributed. The overall alpha error was set at p≤0.05.

Effect size (ES; delta index) and percent change were also calculated for fall risk score, 

postural stability, gait speed, general physical function, balance confidence, and physical 

activity level. Effect size was calculated by subtracting the mean baseline value from the 

mean post-intervention value and dividing the result by the baseline standard deviation [34]. 

Percent change was calculated by subtracting the mean baseline value from the mean post-

intervention value, dividing by the mean baseline value, and multiplying by 100.

RESULTS

The key results were in the change in balance confidence over time and the correlation 

between balance confidence and objective measures. The objective measures included fall 

risk score, postural stability, gait speed, general physical function and physical activity level. 

Descriptive Variables, Baseline Values, and Compliance

The three groups did not differ in any of the descriptive variables (Table 1). Based on the 

physician’s findings, the participants had normal neurological and musculoskeletal function. 

Table 2 provides the baseline values for the outcome measures. In the group as a whole, the 
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adherence to the exercise classes was 83.3%. The Resistance Training group had an average 

compliance of 85.4%, the Agility Training group 87.3%, and the Stretching group 78.8%.

Balance Confidence

Baseline balance confidence was not significantly different between the three groups 

(p=0.855). There was a significant main effect of time (within group effect) for balance 

confidence after 13 weeks of exercise intervention (p=0.002). Subsequent analysis (paired t-

tests) indicated that while both the Resistance Training group and the Agility Training group 

improved balance confidence after the 13-week intervention period (p≤0.031), the Stretching 

group did not (p=0.729) (Table 2). Both groups significantly improved balance confidence 

by 6% from baseline.

Spearman Rank Correlation Coefficients

Correlations between the (change) variables of interest are shown in Table 3. Change in 

balance confidence after 13 weeks of exercise intervention was not significantly correlated 

with change in fall risk score, postural stability, gait speed, or physical activity level. 

Although change in balance confidence was significantly associated with change in general 

physical function, it was a weak association (rho=0.207). Figures 2 to 4 illustrate the 

relationship between change in balance confidence and change in fall risk score, gait speed, 

and general physical function.

Effect Size & Percent Change

The largest effect size was observed in fall risk score (−0.81) and the smallest effect size was 

observed in balance confidence (0.19). Table 4 lists the effects sizes and percent changes for 

the variables of interest.

Thus, our results showed an improvement in balance confidence in both the Agility Training 

and the Resistance Training groups, but not the Stretching group. This was weakly 

correlated with change in general physical function, but not with fall risk score or other 

objective measures of physical abilities.

DISCUSSION

We found that both resistance training and agility training, but not general stretching, 

significantly enhanced balance confidence in older women with confirmed low bone mass. 

The mean ABC scores for the Resistance Training group and the Agility Training group 

were 80 and 83, respectively, after 13 weeks of training. According to Meyers and coworkers 

[10], ABC scores 80 and above are indicative of highly functioning, physically active older 

adults. To our knowledge, this is the first study that has examined the effect of different 

types of exercise programs on balance confidence in older adults. It is noteworthy that 

resistance training alone improved balance confidence. This has not been demonstrated 

before as previous exercise interventions that enhanced balance confidence all encompassed 

balance training [10–13]. Furthermore, the enhancement of balance confidence with exercise 

in a population of individuals at high risk of sustaining fall-related fractures and of falls is an 

important and new finding.

Liu-Ambrose et al. Page 7

Gerontology. Author manuscript; available in PMC 2012 June 26.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



Importantly, we also observed that change in balance confidence, as assessed by the ABC 

scale, did not significantly correlate with change in fall risk, postural stability, gait speed, or 

physical activity level after 13 weeks of participating in resistance training, agility training, 

or general stretching. Change in balance confidence was, however, significantly associated 

with change in general physical function. While previous prospective exercise intervention 

studies [10, 11, 13] have reported improvement in physical abilities with a concomitant 

reduction in the fear of falling, these studies did not report change score correlations.

We found that the influence of exercise on balance confidence was of a much lower 

magnitude than that of exercise on fall risk, postural stability, gait speed, general physical 

function, and physical activity level. This finding may be due to the disparity between the 

variables of interest in their potential for change or improvement. For instance, the mean 

baseline ABC score for the cohort was 77. This is comparable to the scores (low 80s) 

obtained in a previous study involving individuals with osteoporosis [10]. According to 

Myers et al. [10], individuals who score in the mid-80s or better on the ABC are unlikely to 

show further improvement in balance confidence while there is room for improvement for 

those scoring below 80. Thus, the potential for improvement in balance confidence in our 

cohort may have been limited. In contrast, the mean baseline fall risk score for our entire 

cohort was 2.18 (Table 2), which represents a net performance of 2.18 standard deviations 

inferior to the age-matched mean. This indicates this group was at marked risk of falling and 

thereby, likely possessed a greater potential for improvement.

Our scatterplot data (Figures 2–4) indicate that an individual’s change in balance confidence 

can be discordant with change in fall risk, postural stability, gait speed, general physical 

function, or physical activity level. This underscores that balance confidence is not a 

measure of postural stability – and it was never designed to be one. The observation of 

balance confidence enhancement in the presence of increased fall risk or deterioration in 

physical ability is of particular concern as it implies that such an individual may partake in 

activities that are beyond her physical abilities, and consequently, increase her risk of falling. 

Thus, although fear of falling is a pervasive and serious problem in older adults, our data 

suggest that caution needs to be exercised when implementing strategies to enhance balance 

confidence so that it does not become elevated beyond actual physical abilities.

There are several possible reasons for the observed discourse between balance confidence 

change and changes in fall risk and physical abilities. One reason may be this study’s cohort. 

Our cohort consisted of older women with confirmed low bone mass, individuals who are at 

a greater risk of sustaining fall-related fractures compared with age-matched healthy 

counterparts. Assuming that our cohort is cognisant of this elevated risk of fracture, their 

balance confidence may be more resistant to change compared with their physical abilities 

and participation in physical activity. We acknowledge that some degree of fear of falling 

may be prudent in those at risk of sustaining fall-related fractures. The issue of what is the 

‘appropriate’ amount of fear of falling, or an optimal confidence to mobility ratio, as well as 

what might constitute a ‘gold-standard’ for this psychological variable warrants further 

research.
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Second, our exercise intervention programs did not include any education specifically 

targeting fear of falling in our study. As fear of falling is a psychological entity and 

multifactorial in etiology, a multidimensional approach to decrease fear of falling, such as 

the combination of exercise intervention and falls education, may have been more 

efficacious than exercise alone in enhancing balance confidence in our cohort. Third, the 

lack of specificity between our training programs and the 16 items of the ABC Scale may 

have decreased the efficacy of the intervention. The exercise programs did not specifically 

“train” our participants in the activities of the ABC Scale (i.e. riding an escalator holding 

onto the rail), but perceived self-efficacy will only generalize to highly similar situations 

[35].

Fourth, balance confidence may have been falsely elevated in our participants secondary to 

increased socialization and support with study participation. Balance confidence may also 

have been positively affected the by the sense of personal accomplishment associated with 

successfully participating in the weekly exercise classes.

Finally, the mismatch observed between change in balance confidence and the changes in 

fall risk and physical abilities may be due to psychosocial factors of fear of falling. Both the 

fear of social embarrassment and concerns about damage to social identity are feared 

consequences of falling [36, 37]. As we did not assess these factors in our study, we are 

unable to determine the contribution of these factors to the mismatch observed between the 

variables of interest but we recommend these behavioural determinants be given further 

research attention.

Our results highlight that partaking in exercise alone may increase balance confidence in the 

absence of improved physical abilities in older women with low bone mass. A clinical 

corollary of this study is that those (e.g. fitness instructors and physical therapists) who 

design group-based exercise programs for community-dwelling older adults should consider 

including an education component on factors that influence fear of falling.

CONCLUSIONS

Both resistance training and agility training significantly improved balance confidence in 

community-dwelling older women with low bone mass after 13 weeks of participation. This 

change in balance confidence was significantly correlated with change in general physical 

function. However, the change in balance confidence did not significantly correlate with 

changes in fall risk, physical abilities, and physical activity level. This may due to 

differences in the potential for change in the variables of interest, the cohort examined, the 

need for a multidimensional approach to decrease fear of falling, and training specificity. Of 

particular concern, is the observation of discordance between balance confidence change and 

changes in fall risk and physical abilities. Future studies are needed to determine 

interventions that would achieve concordance between the fear of falling and physical 

abilities in older adults.
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Figure 1. 
Flow chart outlining number of participants in each study arm.
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Figure 2. Scatterplot of change in fall risk score versus change in balance confidence
*Negative change value in fall risk score indicates improvement. Positive value in balance 

confidence indicates improvement.
†Quadrants 2 and 3 indicate discord between changes in Fall Risk Score and balance 

confidence.
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Figure 3. Scatterplot of change in normal gait speed versus change in balance confidence
*Positive change in gait speed and in balance confidence indicates improvement.
†Quadrants 1 and 4 indicate discord between changes in gait speed and balance confidence.
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Figure 4. Scatterplot of change in general physical function versus change in balance confidence
*Positive change in general function and in balance confidence indicates improvement.
†Quadrants 1 and 4 indicate discord between changes in gait speed and balance confidence.
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Table 4

Effect sizes (delta index) and percent changes observed for balance confidence, Fall Risk Score, postural 

stability, gait speed, general physical function, and physical activity level (N=98).

Variable Effect Size* % Change*

Fall Risk Score (SD) −0.81 −33.12

Postural Stability (mm) −0.34 −16.04

Normal Gait Speed (m/s) 0.38 8.25

Fast Gait Speed (m/s) 0.40 8.65

General Physical Function† 0.40 17.92

Physical Activity Level‡ 0.58 33.60

Balance Confidence§ 0.19 4.50

*
Negative effect sizes and percent changes in fall risk score and postural stability indicate improvement. Positive effect sizes and percent changes in 

gait speed, general physical function, physical activity level, and balance confidence indicate improvement.

†
Measured by the Community Balance and Mobility Scale.

‡
Measured by the PASE questionnaire.

§
Measured by the ABC Scale.
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