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Abstract 27 

Objective: The aim of this systematic review was to synthesise all published evidence on 28 

associations between one-legged balance performance and falls. Methods: Medline, 29 

EMBASE, CINAHL and Web of Science were systematically searched (to January 2021) to 30 

identify peer-reviewed, English language journal articles examining the association between 31 

one-legged balance performance and falls in community-dwelling adults. Results: Of 4 310 32 

records screened, 55 papers were included (n=36 954 participants). There was considerable 33 

heterogeneity between studies including differences in study characteristics, ascertainment of 34 

balance and falls, and analytical approaches. A meta-analysis of the time that individuals could 35 

maintain the one-legged balance position indicated that fallers had worse balance times than 36 

non-fallers (standardised mean difference: -0.29(95%CI:-0.38,-0.20) in cross-sectional 37 

analyses; -0.19(-0.28,-0.09) in longitudinal analyses), although there was no difference in the 38 

pooled median difference. Due to between-study heterogeneity, regression estimates between 39 

balance and fall outcomes could not be synthesised. Where assessed, prognostic accuracy 40 

indicators suggested that one-legged balance was a poor discriminator of fall risk; for example, 41 

5 of 7 studies demonstrated poor prognostic accuracy (Area Under the Curve <0.6), with most 42 

studies demonstrating poor sensitivity. Conclusions: This systematic review identified 55 43 

papers that examined associations between balance and fall risk, the majority in older aged 44 

adults. However, the evidence was commonly of low quality and results were inconsistent. 45 

This contradicts previous perceptions of one-legged balance as a useful fall risk tool and 46 

highlights crucial gaps that must be addressed in order to translate such assessments to clinical 47 

settings. 48 

Keywords: one-legged balance; falls; systematic review; community-dwelling 49 

50 
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1.0 INTRODUCTION  51 

Falls are a leading cause of injury, functional impairment, and death in older adults(Ungar et 52 

al., 2013). Globally, an estimated 28 to 50% of individuals over the age of 65 reported a fall in 53 

the past year(Soriano et al., 2007; WHO, 2007). Falls have substantial impacts at both 54 

individual and population levels. A recent Global Burden of Disease study estimated that falls 55 

resulted in 16.7 million years of life lost, 19.3 million years lived with disability and 35.9 56 

disability-adjusted life years(James et al., 2020). This is consistent with World Health 57 

Organisation reports suggesting that falls are the leading cause of injury-related death in adults 58 

aged ≥ 65 years(WHO, 2007) and estimating that annually, falls cause 684,000 deaths with 59 

over 37 million falls severe enough to warrant medical attention(WHO, 2021). Annual medical 60 

costs associated with falls are estimated to be $50 billion in the USA and £2.3 billion in the 61 

UK and continue to rise(Florence et al., 2018; NICE guideline, 2013). There is emerging 62 

evidence that midlife may represent an important period for fall-related interventions, with 63 

pooled analysis demonstrating that fall prevalence is already significant in adults aged 40 to 64 64 

years, ranging from 8.7% to 31.1%  (Peeters et al., 2019; Peeters et al., 2018). 65 

Successful fall prevention strategies must consider effective screening tools, targeted 66 

interventions that mitigate risk factors, and modification of home or community environments 67 

to reduce extrinsic hazards (Dellinger, 2017; Hopewell et al., 2018). Of the many risk factors 68 

studied, history of falls and balance or gait impairments have been identified as the two 69 

strongest predictors of future falls(Ganz et al., 2007). Given the role of balance in maintaining 70 

postural stability, improving balance ability in older adults is frequently a target of falls 71 

prevention interventions (Sherrington et al., 2019). Further, balance assessments are commonly 72 

used in research and clinical settings as a prognostic tool to identify those at higher risk of 73 

falling(Springer et al., 2007; Vereeck et al., 2008). Balance tests in these settings are highly 74 

heterogeneous. For example, some balance tests use performance-based measures such as the 75 

one-legged stand or functional reach test, while others rely on cumulative, subjective measures 76 

such as the Tinetti Assessment Test or the Berg Balance Scale, which consist of 9 and 14 77 

balance-related tasks, respectively, each scored on 3 to 5 point scales(Mancini and Horak, 78 

2010).  79 

Previous systematic reviews have examined the utility of single (Barry et al., 2014; Lima et al., 80 

2018; Moore and Barker, 2017; Okubo et al., 2021; Rosa et al., 2019) or multiple  (Gates et al., 81 

2008; Kozinc et al., 2020; Lusardi et al., 2017; Okubo et al., 2021; Power et al., 2014) balance 82 
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measures in predicting falls. These reviews commonly focused on older adults (≥60 years)  and 83 

had broad inclusion criteria; for example, studies from any setting (e.g. clinical vs community-84 

dwelling) or that used any balance measure were often eligible for inclusion. No review has 85 

focused exclusively on the one-legged balance test and reviews of multiple balance measures 86 

reported conflicting evidence on one-legged balance test and fall risk (Kozinc et al., 2020; 87 

Lusardi et al., 2017; Power et al., 2014). In addition, the broad search terms used to capture 88 

multiple measures of balance in a single review did not identify all studies examining one-89 

legged balance and falls.  90 

The one-legged balance test is one of the most commonly used balance tests and is widely 91 

considered to be cost-effective and feasible in both clinical and research settings(Bohannon, 92 

2006; Jonsson et al., 2004; Mancini and Horak, 2010; Michikawa et al., 2009; Springer et al., 93 

2007). Proponents of the test suggest that it should be implemented into primary care to help 94 

identify individuals at higher risk of falling and other poor health outcomes(Kozinc et al., 2020; 95 

Michikawa et al., 2009; Nickelston, 2014), emphasising a clear need to systematically review 96 

and synthesise the evidence on one-legged balance performance and fall risk. To address this 97 

gap and provide a robust summary of available evidence, we undertook a systematic review 98 

and meta-analyses to synthesise all published evidence of associations between one-legged 99 

balance performance and fall risk in community-dwelling adults. We hypothesised that there 100 

would be consistent evidence of an association between better one-legged balance performance 101 

and lower fall risk.  102 

2.0 METHODS 103 

This systematic review follows the Preferred Reporting Items for Systematic Reviews and 104 

Meta-Analyses (PRISMA) guidelines(Moher et al., 2009) and the study protocol was registered 105 

with PROSPERO (CRD42020160413)(Blodgett et al., 2020c).  106 

2.1 Eligibility criteria 107 

Studies published in peer-reviewed journals were eligible for inclusion if they examined the 108 

association between one-legged balance performance and any fall outcome in a community-109 

dwelling sample. Studies were excluded if they were: published in a non-English language 110 

journal; systematic reviews or intervention studies; or if they considered a specific clinical 111 

sample (e.g. those with Parkinson’s disease).  112 

2.2 Search strategy 113 
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We searched Medline, EMBASE, CINAHL and Web of Science for all available articles from 114 

inception to January 2021. Two distinct search arms were combined using the Boolean term 115 

“AND”. All possible synonyms and truncations of one-legged balance synonyms (e.g. single 116 

leg, flamingo or unipedal stand) comprised one arm, while “fall” with any truncation 117 

constituted the other. See Appendix A for the complete search strategy. Reference lists of all 118 

included articles were independently searched by two authors to identify additional studies. 119 

2.3 Study selection 120 

All articles were uploaded into Mendeley and Rayyan(Ouzzani et al., 2016), which were used 121 

to remove duplicates and manage the two-stage screening process. In both the title-abstract and 122 

full-text screening stage, two authors (JB, JV or RM) independently screened all potential 123 

papers for inclusion. In the full-text screening stage, each author recorded the reason for 124 

exclusion following a hierarchical list of five criteria (outlined in Figure 1). Discrepancies in 125 

screening decision or exclusion rationale were resolved through discussion between authors. 126 

2.4 Data extraction 127 

Two authors (JB, JV, RM or RC) independently extracted data and any conflicts were resolved 128 

through discussion. For all included papers, the following data were extracted using a standard 129 

proforma in Google Forms (see Appendix B): demographic characteristics (country, study 130 

design, exclusion criteria, sample size, sex and age), one-legged balance (assessment protocol 131 

details), falls (definition, prevalence, data collection protocol, outcome type), statistical 132 

methods, and effect estimates. WebPlotDigitizer was used to extract data that were presented 133 

in graphs and not tables(Rohatgi, 2020). A modified version of the Newcastle-Ottawa Risk of 134 

Bias Scale was used to appraise the quality of each included study (see Appendix B, part 6). 135 

Scores ranged from zero (lowest quality) to seven (highest quality). Any discrepancies in scores 136 

were discussed and resolved by authors. 137 

2.5 Narrative synthesis  138 

Narrative synthesis of study characteristics, one-legged balance measurement and falls 139 

measurement was first conducted following established guidelines(Popay et al., 2006). Results 140 

are presented by fall outcomes: any fall (0 vs 1+ fall), recurrent falls (0-1 vs 2+ falls) or 141 

injurious falls (non-injurious or 0 injurious falls vs 1+ injurious falls). For associations between 142 

one-legged balance and falls, meta-analyses were conducted where there were comparable 143 

estimates from three or more studies and a narrative synthesis of estimates was conducted if 144 

meta-analyses were not possible. It was decided a priori that estimates could not be synthesised 145 
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in meta-analyses if there were differences in temporality (e.g. cross-sectional or longitudinal), 146 

model adjustment (e.g. unadjusted or adjusted) or balance dichotomisation (e.g. 5s, 30s, 147 

etc.). 148 

Where studies presented multiple estimates for an association (e.g. balance times for both legs, 149 

best and average balance trials, multiple balance cut-points or results for balance with eyes 150 

open and closed), a single result was used in the main analysis although all results are presented 151 

in Appendix C. The result provided in the main analysis is selected based on comparability 152 

with other papers (e.g. common characteristics as demonstrated in the initial narrative 153 

synthesis) and completeness of data (e.g. estimates, error terms). Where studies presented 154 

associations for multiple fall outcomes, effect estimates for each outcome were considered in 155 

each relevant section. To maximise comparison of results between studies, odds ratios (OR) 156 

and prognostic indicators (i.e. sensitivity, specificity, positive predictive value, negative 157 

predictive value) were calculated from proportions and sample sizes, where possible. 158 

2.6 Meta-analyses 159 

Meta-analysis of median differences was conducted using the metamedian package in R, which 160 

provides an estimate for the weighted pooled difference of median balance times between 161 

fallers and non-fallers(McGrath et al., 2020). Meta-analysis of standardised mean difference 162 

(SMD) in balance time between fallers and non-fallers was conducted using the package meta 163 

in R to calculate Hedge’s g(Balduzzi et al., 2019; Lakens, 2013). Hedge’s g (i.e. SMD) is a 164 

measure of the effect size and is calculated as the difference in mean balance times between 165 

groups divided by the standard deviation of the combined sample. Due to difference in the 166 

length of balance trials between studies, raw mean difference times were not appropriate due 167 

to dissimilar scales and ceiling effects. Where standard errors (SE) were missing or could not 168 

be calculated from available information, inclusion of studies in the meta-analysis was 169 

maximised using a prognostic imputation method to impute SE(Ma et al., 2008). Random-170 

effects models were used to estimate and compare SMDs by cross-sectional and longitudinal 171 

subgroups. As a supplementary analysis, we further stratified by age group (<75 years, ≥ 75 172 

years).  The I2 statistic was considered as the indicator of between-study heterogeneity, where 173 

25%, 50% and 75% suggest low, moderate and high heterogeneity, respectively(Higgins et al., 174 

2003). Finally, publication bias was examined using the Egger test and visual inspection of a 175 

funnel plot(Sterne and Egger, 2005). To ensure no single study was driving the result, a 176 

sensitivity analysis repeated the Egger test multiple times, removing each study in turn. Due to 177 
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heterogeneity outlined in section 2.5, meta-regression was not possible for any fall outcome. 178 

All meta-analyses were conducted in R Studio version 1.2.5. 179 

3.0 RESULTS 180 

Our database searches identified a total of 4,310 unique records. After the two-stage screening 181 

and additional papers identified via the reference list search, a total of 55 papers are included 182 

in the review(Andresen et al., 2006; Ansai et al., 2016; Arai et al., 2020; Beauchet et al., 2010; 183 

Bergland and Wyller, 2004; Blain et al., 2021; Bongue et al., 2011; Briggs et al., 1989; Buatois 184 

et al., 2006; Buatois et al., 2010; Cho and Kamen, 1998; Choy et al., 2008; Choy et al., 2007; 185 

Crenshaw et al., 2020; de Rekeneire et al., 2003; Delbaere et al., 2010; Depasquale and 186 

Toscano, 2009; Ek et al., 2019a; Ek et al., 2019b; El-Sobkey, 2011; Eto and Miyauchi, 2018; 187 

Gerdhem et al., 2005; Hasegawa et al., 2019; Hashidate et al., 2011; Heitmann et al., 1989; 188 

Ikegami et al., 2019; Jalali et al., 2015; Kwan et al., 2011; Lim et al., 2016; Lin et al., 2004b; 189 

MacRae et al., 1992; Mahoney et al., 2019; Moreira et al., 2017; Muir et al., 2010; Mulasso et 190 

al., 2017; Nevitt et al., 1989; Niam and Wee, 1999; Park et al., 2020; Porto et al., 2020; Rossat 191 

et al., 2010; Sampaio et al., 2013; Shimada et al., 2009; Shimada et al., 2011; Shin et al., 2012; 192 

Shinohara et al., 2020; Swanenburg et al., 2013; Thomas and Lane, 2005; Tinetti et al., 1988; 193 

Toulotte et al., 2006; Vellas et al., 1998; Vellas et al., 1997; Welmer et al., 2017; Yamada and 194 

Ichihashi, 2010; Yamada et al., 2012; Yamada et al., 2020)(see Figure 1). The 55 papers use 195 

data from 51 study samples, with multiple papers using data from the Swedish National Study 196 

on Ageing and Care in Kungsholmen(Ek et al., 2019a; Ek et al., 2019b; Welmer et al., 2017), 197 

the Albuquerque Falls Study(Vellas et al., 1998; Vellas et al., 1997) and an unnamed French 198 

cohort(Beauchet et al., 2010; Bongue et al., 2011). Characteristics of all studies are presented 199 

in Table 1 and Appendix C.  200 

3.1 Description of studies, balance and falls 201 

3.1.1 Study characteristics 202 

Thirty papers assessed cross-sectional associations between balance and falls, 22 assessed 203 

longitudinal associations (follow-up range: 12 months to 10 years) and 3 assessed both. Studies 204 

were conducted in sixteen different countries (see Table 1), with the most common continents 205 

being Asia (n=19), North America (n=12) and Europe (n=12). Sixteen studies used data from 206 

previously established cohorts and four were case-control studies. A total of 36,954 individuals 207 

were included across the 51 study samples, with individual sample sizes ranging from 16 to 208 

7,463. Eight studies considered women-only samples, while the remaining 43 considered both 209 
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men and women. In mixed-sex studies, the overall proportion of women was 58.6% and ranged 210 

from 30% to 84.4%. The mean age, where reported, ranged from 55 to 81.5 years and the most 211 

commonly studied age group was aged 65 years (n=26). The mean and median study quality 212 

scores on the Newcastle-Ottawa Risk of Bias Scale were both 4, with a range from 1 (lowest 213 

quality) to 7 (highest quality); scores for each individual item are provided in Appendix D. 214 

3.1.2 Ascertainment of one-legged balance 215 

As some of the papers reporting on the same study population provided different descriptions 216 

of one-legged balance, methods for all 55 papers are summarised below. Most papers recorded 217 

continuous balance time (n=44), 10 studies collected a binary measure (e.g. <5 vs ≥5s) and the 218 

final paper recorded the number of times the participant’s foot touched the ground during a 219 

continuous 30 second trial. The most common lengths of the continuous trials were 30 (n=14) 220 

and 60 (n=9) seconds, with a range of 10 to 120 seconds; ten studies did not report the maximal 221 

time. Continuous balance times were analysed in 31 papers, 22 used distinct categorical or 222 

binary cut-points and 1 paper analysed both continuous and binary balance times. Fifteen 223 

different cut-points were used to create distinct binary groups; the most common was <5 or ≥5 224 

seconds (n=8).  225 

The number of balance trials ranged from a single trial to 24 trials. Of the 36 papers that 226 

conducted multiple trials, different strategies were used to select the balance time for analysis; 227 

this included the best time (n=18), worst time (n=1) or average time (n=8). The others did not 228 

specify which was used or analysed multiple balance times. Eight papers conducted both eyes 229 

open and eyes closed trials, 25 conducted eyes open only and 22 did not describe whether eyes 230 

were open or closed. Similarly, 20 papers conducted trials on each leg, 23 studies instructed 231 

individuals to use their dominant or preferred leg only, one study used the non-dominant leg 232 

and the remaining 11 studies did not provide a description. Finally, the majority of papers did 233 

not provide details of instructions on the body position required in protocols (see Appendix C). 234 

3.1.3 Ascertainment of falls 235 

Thirty-six studies assessed falls retrospectively (e.g. fall in last 12 months), thirteen 236 

prospectively and two studies measured falls both retrospectively and at follow-up. Of the 38 237 

retrospective fall assessments, 22 used self-reported questionnaires, 15 collected data in 238 

interviews and one was based on clinician referral. Prospective collection of falls data included 239 

diary or post card submission (n=4), regular phone calls (n=5), linked health records (n=1), 240 

postal questionnaires (n=1) and five studies combined diary or postcard submissions with 241 
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phone calls.  242 

As papers that used the same sample examined different follow-up periods and fall outcomes, 243 

summary characteristics are, once again, provided at the paper (n=55) rather than study level. 244 

Twelve months was the most frequent time period for fall reporting across both prospective 245 

and retrospectively collected data (n=41), followed by 2 years (n=5); the remaining 9 studies 246 

each had a distinct follow-up period (range: 3 months to 10 years). Eight studies examined 247 

multiple fall outcomes. The most common outcome was any fall (e.g. 0 vs 1+ fall; n=38) 248 

followed by recurrent falls (e.g. 0-1 vs 2+ falls; n=7) and injurious falls (e.g. no falls/non-249 

injurious falls vs any injurious falls; n=7). Additionally, eight studies considered the number 250 

of falls, either continuously (n=4) or in categories (e.g. 0,1,2+ falls; n=4) and one study 251 

considered an aggregate outcome of 2+ non-injurious falls or 1+ injurious fall.  252 

The prevalence of falls ranged from 11.0% to 71.2% (median: 28.9%). Many papers described 253 

their definition of a fall (n=36), but 19 did not. Of the 36 papers that provided a falls definition, 254 

ten created or adapted their own. Exact phrasing was taken from six existing definitions and 255 

was most frequently attributed to the Kellogg Working Group(1987) (n=8) or Tinetti(Tinetti et 256 

al., 1988) (n=7) (see Appendix E for falls definitions). 257 

3.2 Any fall (no fall vs 1+ falls) 258 

 259 

3.2.1 Median differences 260 

Given the skewed distribution of one-legged balance times, the assumption of normally 261 

distributed data needed for parametric tests (e.g. t-tests) is not met, indicating that non-262 

parametric tests (e.g. Mann Whitney U tests) are more appropriate(Nahm, 2016). None of the 263 

8 studies (range: n=30 to 213) that used the Mann Whitney U test found a statistically 264 

significant difference in balance times in fallers and non-fallers. A meta-analysis of the four 265 

studies that provided median balance times, using the median of the difference of medians 266 

method(McGrath et al., 2020), provided further support for no difference between groups (1s 267 

(95% CI: -1.2,8.9); see Table 2). 268 

3.2.2 Mean differences 269 

Most studies ignored the non-normal distribution of one-legged balance times, with 15 cross-270 

sectional studies and 9 longitudinal studies presenting mean (SD) balance times in fallers and 271 

non-fallers (total n=6 894 across all studies). Meta-analyses suggested that fallers had lower 272 

mean balance times than non-fallers (SMD= -0.29 (95% CI: -0.38,-0.20)) in cross-sectional 273 
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analyses and a similar pattern was seen in longitudinal analyses (SMD= -0.19 (-0.28,-0.09)) 274 

(see Figure 2). The SMD was smaller for longitudinal associations, although the test for 275 

subgroup differences did not reach statistical significance (p=0.09). Estimated heterogeneity in 276 

study outcomes in these meta-analyses was low for both cross-sectional (I2=14% (0,50%)) and 277 

longitudinal (I2=0% (0,60%)) analyses. Visual inspection of the funnel plot and Egger test 278 

(p=0.05) suggested that there may be minimal publication bias (see Appendix F); however, this 279 

was primarily driven by Cho and Kamen(1998; n= 16) and Hashidate et al.(2011; n=30)(p=0.16 280 

when removed), although there was no impact on the cross-sectional SMD when Cho and 281 

Kamen(1998) and Hashidate et al. (2011) were removed from the meta-analysis (-0.28 (95% 282 

CI: -0.37,-0.19)). 283 

When stratified by age, there was evidence to suggest that associations were stronger in 284 

younger individuals (see Appendix G). In longitudinal analyses, the SMD in favour of non-285 

fallers was larger in studies with a mean age <75 years (SMD= -0.30 (-0.46,-0.15)) compared 286 

to those with a mean age ≥ 75 years ((SMD= -0.13 (-0.25,-0.01)). In cross-sectional studies, 287 

there was strong overlap in 95% confidence intervals of the SMD of both age groups; it is 288 

noteworthy that 7 of 10 studies with a mean age <75 years found a significant association 289 

((SMD= -0.26 (-0.37,-0.16))  compared to just 1 of 4 studies with a mean age≥ 75 years  290 

((SMD= -0.42 (-0.71,-0.13)). 291 

3.2.3 Regression estimates 292 

Meta-analyses of regression outcomes for any fall outcome were not possible due to 293 

heterogeneity in temporality, model adjustment and balance dichotomisation, as outlined in 294 

section 2.5. Estimates for risk of any fall are presented in Figure 3, with a detailed table of all 295 

estimates and study details in Appendix H. Patterns of association were similar across estimate 296 

type (e.g. OR per 1s, OR per low balance cut-point, relative risk (RR) per low balance cut-297 

point) and across cross-sectional and longitudinal models. In unadjusted models, poorer 298 

balance performance was associated with increased risk of a fall in seven of ten studies, with 299 

three studies reporting non-significant results (Figure 3A-C). Two additional studies, Vellas et 300 

al.(1998) and Blain et al.(2021), reported positive associations in men but no associations in 301 

women (Figure 3A and 3B). Significant odds ratios in unadjusted models ranged from 1.5 302 

(1.2,1.8) for those with a balance time <12.7s(Bongue et al., 2011) to 8.40 (1.10,64.26) in those 303 

with a balance time <55.4s(Eto and Miyauchi, 2018)(Figure 3B).  304 

In adjusted models, most studies (n=9/12) reported no association between balance time and 305 
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falls. The most commonly included covariates were age, sex, body size and comorbidities; 306 

covariates for each model are detailed in Appendix H. Weak associations remained in three 307 

studies; a one second increase in balance time was associated with lower risk of falling in two 308 

cross-sectional studies(Hasegawa et al., 1989; Moreira et al., 2017), while Muir et al.(2010) 309 

reported that those who balanced for <10s had a 1.58 (1.03,2.41) times higher risk of falling 310 

after a 12-month follow-up. Only five studies provided unadjusted and adjusted estimates, with 311 

the adjusted association remaining in Muir et al.(2010) only (Figure 3C). 312 

3.3 Recurrent falls (0-1 fall vs 2+ falls)  313 

Two studies compared median or mean balance times of recurrent fallers; Porto et al. (2020) 314 

reported no difference in mean balance time between single fallers and recurrent fallers (19.1s 315 

±10.4 vs 18.2s ±10.2; p=0.84), while Thomas and Lane (2005) reported lower median balance 316 

times in recurrent fallers (0.43s (interquartile range: 1.57) compared to single fallers and non-317 

fallers (2.71s (2.59); p<0.05). All other studies that examined recurrent falls used regression 318 

models, with sample sizes ranging from 30(Thomas and Lane, 2005) to 7 643(Rossat et al., 319 

2010). In unadjusted models, six of nine studies reported an association between lower balance 320 

time and higher risk of falling two or more times (Figure 4, Appendix H), with no association 321 

in the remaining studies(Beauchet et al., 2010; Buatois et al., 2006; Swanenburg et al., 2013). 322 

OR estimates ranged from 1.6 (1.2, 2.2) in those who maintained balance for <2s to 15.22 323 

(1.72,133.95) in those who balanced for <1.02s(Thomas and Lane, 2005). 324 

Similar to above, comparison of unadjusted and adjusted estimates was possible in three studies 325 

(Figure 4). In the first of these by Jalali et al.(2015), those with low balance time (12.7s) were 326 

more likely to fall multiple times than those with better balance (>12.7s) (unadjusted OR: 8.54 327 

(95% CI: 4.86,14.99)); this association attenuated to 3.71 (95% CI not reported) after 328 

adjustment for age, body mass index, diabetes, functional reach and the Romberg test. In 329 

another study, Nevitt et al.(1989) found that the association between balance (<2s) and falls in 330 

an unadjusted model was fully attenuated after adjustment for race, fall history, comorbidities 331 

and other physical performance tests. Finally, Rossat et al.(2010) reported that low balance 332 

time (5s) was associated with increased risk of recurrent falls even after adjustments 333 

(unadjusted Incident Rate Ratio (IRR) 1.85 (1.67,2.05); adjusted IRR 1.55 (1.39,1.73), adjusted 334 

for age, sex, medications, cognitive scores and the sit to stand test). 335 

3.4  Injurious falls (non-injurious or 0 injurious falls vs 1+ injurious falls) 336 
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There was inconsistent evidence of an association between balance times and injurious falls in 337 

the eight papers that assessed this (Appendix H). Two studies reported no associations between 338 

balance and injurious falls in both unadjusted and adjusted models(Andresen et al., 2006; Muir 339 

et al., 2010), while another reported that those with balance times in the bottom 50% of the 340 

sample had 2.4 (1.1, 5.2) times the odds of an injurious fall(Bergland and Wyller, 2004). Vellas 341 

et al. 1998 reported higher risk of injurious falls in women (RR: 2.97 (1.86,4.74)) with low 342 

balance time but not men (1.79 (0.78,4.15)).  343 

Finally, using Swedish cohort data, Ek et al.(2019a;2019b) and Welmer et al.(2017) reported 344 

associations between low balance time (<5s) and increased risk of injurious falls as measured 345 

by linked hospital data in 17 different models (Appendix H). Here, associations were similar 346 

in men and women(Ek et al., 2019a; Ek et al., 2019b), but weakened with longer periods of 347 

follow-up (e.g. from 3 years to 10 years)(Ek et al., 2019b; Welmer et al., 2017). Estimates 348 

remained after adjustment for age and education (Ek et al., 2019b; Welmer et al., 2017), while 349 

adjustment for previous history of falls, activities of daily living and grip strength often 350 

attenuated the estimates(Ek et al., 2019b; Welmer et al., 2017). Appendix H outlines the 17 351 

models, which considered sex-stratification, multiple follow-up periods and inclusion of 352 

different covariates. 353 

3.5 Other results of relevance 354 

 355 

3.5.1 Prognostic accuracy of the one-legged balance test 356 

Seven studies provided estimates on the prognostic accuracy of the one-legged balance test. 357 

Sensitivity, specificity, positive predictive values and negative predictive values could be 358 

calculated from sample size and proportions in an additional 11 studies. Similar to the 359 

regression estimates, we were unable to conduct a meta-analysis due to variability in cut-points 360 

and fall outcome type. There was substantial variability in prognostic accuracy estimates (see 361 

Table 3), however most papers reported higher specificity (range: 46.2-90.3%) than sensitivity 362 

(16.7-83.5%) and higher negative predictive values (range: 63.4-95.1%) than positive 363 

predictive values (range: 12.1-82.4%). Notably, negative predictive values were also higher 364 

when considering recurrent falls compared to any fall. When several cut-points were used 365 

within the same study sample(Beauchet et al., 2010; Bongue et al., 2011), higher cut-points 366 

(e.g. <7.6s or <12.7s) had greater sensitivity but lower specificity compared to a lower cut-367 

point (e.g. <5s). Finally, the area under the curve (AUC) varied from 0.527(Lin et al., 2004b) 368 

to 0.766(Depasquale and Toscano, 2009), but was in the range considered as failed 369 
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discrimination (i.e. 0.5 to 0.6)(Li and He, 2018) for five of seven studies. 370 

3.5.2 Differences in results by balance test conditions 371 

Five studies reported no differences when comparing associations of balance times under eyes 372 

open and eyes closed conditions with falls (Briggs et al., 1989; Choy et al., 2007; Heitmann et 373 

al., 1989; Shin et al., 2012; Toulotte et al., 2006), however two studies with small sample sizes 374 

reported contradictory associations. Cho and Kamen (1998) reported that mean balance times 375 

with eyes open were higher in non-fallers compared with fallers, but that no difference was 376 

found for the eyes closed condition. Conversely, El-Sobkey et al.(2011) reported a higher odds 377 

of falling in those with low balance time with eyes closed and no association with eyes open 378 

times. Other variations in balance protocol did not impact greatly on findings; for example, 379 

similar associations were found when the following were considered: right or left stance 380 

leg(Ansai et al., 2016; Choy et al., 2008; Moreira et al., 2017), better or worse stance leg(Kwan 381 

et al., 2011; Shinohara et al., 2020) or when the first or best trial was used (Heitmann et al., 382 

1989). 383 

3.5.3 Results not captured above 384 

Associations between balance and falls identified in five studies could not be included in the 385 

syntheses above as they operationalised balance or falls in a non-standard way that limited 386 

comparability or they did not provide sufficient study details to interpret the estimates. Further 387 

details on these studies are provided in Appendix I. Briefly, a study by Toulotte et al.(2006) 388 

provided support for better balance in non-fallers compared with fallers, a study by de 389 

Rekeniere et al.(2003) reported no difference in balance between fallers and non-fallers, and 390 

the remaining three studies reported inconsistent or uninterpretable findings(Choy et al., 2008; 391 

Choy et al., 2007; Ikegami et al., 2019).  392 

4.0 DISCUSSION 393 

4.1 Main findings  394 

In a systematic review of published studies, we identified 55 papers that had examined the 395 

association between one-legged balance performance and fall risk in community-dwelling 396 

adults, with the majority of samples aged 65+. Although there was inconsistency in findings, 397 

there was some evidence to suggest that non-fallers had better balance times than fallers and 398 

that lower one-legged balance time was more strongly associated with increased risk of 399 

recurrent falls than any fall. However, studies were often of low quality, had a cross-sectional 400 

design and considered unadjusted models only. Many studies assessed balance performance 401 
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after the fall recall period (e.g. cross-sectional design) and thus reverse causality is likely to 402 

explain some of this association. Where adjusted models were presented, results suggested that 403 

associations were largely explained by confounders. Additionally, prognostic accuracy of the 404 

one-legged test was very poor. Thus, the findings of the review crucially highlight the lack of 405 

high-quality empirical evidence to support the use of the one-legged balance test as both a 406 

screening tool in clinical settings and as an assessment of fall risk in research settings. This 407 

finding has very important implications as it cautions against the premature translation of the 408 

one-legged balance test into clinical settings. With low quality and inconsistent evidence, there 409 

is an urgent need for better, methodologically robust epidemiological evidence in this area. 410 

4.2 Critical appraisal of studies 411 

Due to considerable between-study heterogeneity in sample characteristics, temporality of 412 

associations, and measurement and operationalisation of balance and falls, results should be 413 

interpreted with caution. A key challenge in interpreting the findings of included studies is that 414 

33 of the 55 papers examined cross-sectional associations between balance performance and 415 

falls within the previous 3 to 25 months. As the balance assessment occurred after the fall 416 

reporting period, associations identified may, at least partially, be explained by reverse 417 

causality. This is plausible as falls have been shown to precipitate mobility impairment, 418 

contribute to fear of falling and lead to declining activity levels(Boyd and Stevens, 2009; 419 

Stalenhoef et al., 2002); each of which has detrimental effects on balance ability.  420 

Another key challenge for synthesis and interpretation of estimates was the fact that the 421 

distribution of one-legged balance times was overlooked in many study analyses. Skewed 422 

distribution of balance times is common as one-legged balance performance tests are 423 

vulnerable to both floor and ceiling effects depending on the sample age and complexity of the 424 

protocol(Bergquist et al., 2019; Blodgett et al., 2020b; Choi et al., 2014; Morioka et al., 2012). 425 

The most commonly reported estimate (n=24 studies) was the difference in mean balance times 426 

between fallers and non-fallers, however this comparison does not meet the key assumption of 427 

normality required for a parametric test (i.e. t-test)(Bridge and Sawilowsky, 1999; Vickers, 428 

2005). Although we present meta-analyses of these results, the results of the SMD approach 429 

could be driven by exceedingly low or high performing individuals, rather than the sample as 430 

a whole, and must be interpreted with caution.  431 

Less than a third of papers considered confounding. Where studies did adjust for covariates, 432 

these adjustments explained most of the associations between balance and falls. No study 433 
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provided individual stages of adjustment nor considered if covariates acted as confounders or 434 

mediators of the balance-fall associations, which is essential to understand the underlying 435 

mechanisms of association between balance and falls. 436 

4.3 Potential sources of heterogeneity 437 

There was high heterogeneity between studies in terms of sample characteristics, ascertainment 438 

of balance and falls and reporting of results across studies. As such, we were largely unable to 439 

examine how balance-falls associations may differ across sample characteristics (e.g. country, 440 

sex). For example, only five papers considered sex differences in their analyses(Blain et al., 441 

2021; Ek et al., 2019a; Ek et al., 2019b; Lim et al., 2016; Vellas et al., 1998), despite 442 

conceivable sex differences indicated by better one-legged balance in men and greater 443 

prevalence of falls in women(Blodgett et al., 2020a; Cooper et al., 2011; Overstall et al., 1977; 444 

Peeters et al., 2018; Springer et al., 2007). Similarly, all but one study (Lim et al., 2016) 445 

examined associations across the full age range of their sample. Although stratification of the 446 

standardised mean difference meta-analysis by mean age of sample (<75, ≥ 75 years) suggested 447 

that associations were stronger in younger adults, there remained substantial heterogeneity in 448 

the age range of each sample. Further investigation of age differences within the same sample 449 

using homogenous protocols is required. 450 

Differences in balance testing protocols may also partially explain inconsistent findings. The 451 

majority of studies did not state the starting position or the criteria that ended the balance trial, 452 

despite important factors such as movement in the arms, legs and eyes that contribute to balance 453 

performance(Boström et al., 2018; Scholz et al., 2012). As upper body movement can 454 

counteract postural instability despite an unstable centre of gravity, leniency in movement of 455 

the arms or stance leg could reduce the reliability and comparability of balance times. Some 456 

studies explicitly permitted movement of the legs or arms(Bergland and Wyller, 2004; 457 

Heitmann et al., 1989; Sampaio et al., 2013), others ended the trial if there was any 458 

movement(Briggs et al., 1989; Choy et al., 2008; Choy et al., 2007; Depasquale and Toscano, 459 

2009; El-Sobkey, 2011; Eto and Miyauchi, 2018; Hasegawa et al., 2019; Hashidate et al., 2011; 460 

MacRae et al., 1992; Mulasso et al., 2017; Niam and Wee, 1999), while most studies did not 461 

provide details. Similarly, several studies instructed participants to focus their eyes on a head-462 

level target(Ansai et al., 2016; El-Sobkey, 2011; Niam and Wee, 1999); this is hypothesised to 463 

improve balance performance as visual concentration can improve proprioceptive input(Wulf 464 

and Lewthwaite, 2016; Wulf et al., 2001). There are inconsistent reports of test-retest reliability 465 

for the one-legged balance test (intraclass correlation coefficient: 0.56-0.94) (Franchignoni et 466 



 16 

al., 1998; Kammerlind et al., 2005; Lin et al., 2004a; Wolinsky et al., 2005).  Selecting the best 467 

result, rather than the average time or a comparison of multiple testing conditions, has been 468 

recommended to improve reliability(Ponce-González et al., 2014). However, in the studies 469 

synthesised in this review, single trials of balance (n=19) were common, while studies using 470 

multiple trials had diverse approaches to selecting a balance score for analysis. Other 471 

differences in balance protocols include test duration (e.g. ceiling effects), inclusion of 472 

individuals who could not do the test (e.g. zero imputation, exclusion, minimum balance time 473 

required for inclusion), testing leg (e.g. left or right, dominant or non-dominant) and cut-points 474 

(e.g. <1.02s(Thomas and Lane, 2005) vs. 55.4s(Eto and Miyauchi, 2018)). 475 

A final source of heterogeneity was the ascertainment of falls. Most studies relied on 476 

retrospective, self-reported measures; inaccuracies in retrospective recall of falls are common 477 

due to poor recollection and interindividual differences in what constitutes a fall (Ganz et al., 478 

2005; Griffin et al., 2019; Sanders et al., 2015). Longer recall periods can further reduce the 479 

accuracy of reporting of falls and in addition may contribute to greater residual 480 

confounding(Ganz et al., 2005) due to the complexity of factors that accumulate and contribute 481 

to subsequent falls(Nowak and Hubbard, 2009). Conversely, if the follow-up period is too 482 

short, there may not be sufficient opportunity for a fall event to occur which could lead to 483 

associations being underestimated. For example, two studies had a recall or follow-up period 484 

of less than 12 months, both Ansai et al. (2016) and Shimada et al. (2011) found no difference 485 

in median balance times in fallers and non-fallers over a 3-month recall period. 486 

4.4 Prognostic accuracy and recurrent falls  487 

Traditional analytical techniques such as mean comparison or regression modelling, commonly 488 

used in studies identified in this review, do not assess the predictive ability of the one-legged 489 

balance test(Grady and Berkowitz, 2011; Ware, 2006). Of the 7 studies that did report the 490 

prognostic accuracy of the test, and the 11 studies in which it could be calculated, findings 491 

suggest that one-legged balance performance poorly predicts fall outcomes, with low AUCs 492 

and higher specificity than sensitivity (Table 3). This indicates that, if used as a screening tool, 493 

one-legged balance performance may not adequately identify those at higher risk of falling.  494 

Our synthesis of evidence based on estimates reported in 9 of the 55 included papers suggested 495 

that both observational associations and evidence of prognostic accuracy were stronger for 496 

recurrent falls than for any fall. This is consistent with previous evidence reporting that 497 

individuals who fall one time are more similar to non-fallers than to recurrent or injurious 498 
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fallers(Delbaere et al., 2010; Lord et al., 1991; Nevitt et al., 1989) and that there are more 499 

clearly defined risk factors for recurrent falls(Nevitt et al., 1989; Tinetti and Speechley, 1989). 500 

As single falls can commonly occur due to unanticipated environmental hazards, distinct 501 

analysis of balance and recurrent falls may better inform overall fall risk. This may also be true 502 

for associations between balance and injurious falls, where associations between balance and 503 

hospital fall data in a Swedish cohort were robust to adjustment for covariates and follow-up 504 

duration(Ek et al., 2019a; Ek et al., 2019b; Welmer et al., 2017). As balance ability may be 505 

more consistently associated with recurrent or injurious falls than single falls, allocation of 506 

resources to individuals at greater risk of more severe consequences should be considered.  507 

4.5 Strengths and limitations 508 

This systematic review followed a rigorous protocol with two authors independently 509 

identifying eligible papers and extracting relevant data on associations. To our knowledge, this 510 

is the first systematic review to focus on the one-legged balance test in relation to fall outcomes; 511 

as a result, the number of studies identified is much higher compared with reviews that consider 512 

multiple balance tests(Gates et al., 2008; Kozinc et al., 2020; Lusardi et al., 2017; Power et al., 513 

2014). For example, a recent systematic review that examined multiple balance tests in relation 514 

to fall risk identified 67 studies, only 14 of which examined one-leg balance tests(Kozinc et 515 

al., 2020). Another strength of our review is that publication bias was minimised by including 516 

all studies that reported on balance-fall associations even if this was not the main study 517 

objective. 518 

There are some potential limitations to this review. As only English language articles were 519 

included, it is possible that relevant data from non-English languages were missed(Ben Achour 520 

Lebib et al., 2006; Hatayama, 2008). Only two meta-analyses could be conducted and we were 521 

limited to undertaking narrative syntheses of regression and prognostic estimates due to major 522 

heterogeneity between studies in their methods and analytical approaches. Furthermore, 523 

publication bias could only be formally assessed using the Egger test and funnel plots for the 524 

17 studies included in the SMD meta-analysis. While comparisons of means need to be 525 

interpreted with great caution given the non-parametric distribution of balance times, we 526 

decided to report the SMD meta-analysis with caveats as it was the most commonly presented 527 

association. Finally, we focused on balance time in relation to fall risk and did not consider 528 

other potentially relevant measures of one-legged balance such as postural sway.  529 

4.6 Implications and future steps 530 
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Although the one-legged balance test has been recommended as a screening tool for falls in 531 

clinical settings outcomes(Kozinc et al., 2020; Michikawa et al., 2009; Nickelston, 2014), we 532 

have not found consistent evidence to support this. The results of our review highlight the need 533 

for caution and suggest limitations to the use of the one-legged balance test for this purpose in 534 

both clinical and research settings. Many studies scored poorly on the Newcastle-Ottawa risk 535 

of bias scale (see Appendix B), due to inadequate reporting of balance and fall ascertainment, 536 

temporality, low comparability of adjusted estimates and statistical analyses. High-quality 537 

longitudinal studies that measure one-legged balance performance before fall reporting periods 538 

is crucial to establish temporality of association and minimise the potential impact of reverse 539 

causality.  540 

Despite the poor quality of most studies, associations between one-legged balance test and risk 541 

of recurrent or injurious falls may be an important avenue of further research. For example, 542 

there were robust associations between one-legged balance time and injurious fall risk in the 543 

SNAC-K study; whether this is due to the nature of injurious falls or the high quality of cohort 544 

data used is not clear. Further investigation of various fall outcomes within the same study 545 

sample is necessary to inform translation of this research. If these associations remain, 546 

prevention efforts could improve efficiency by targeting those at risk of recurrent or injurious 547 

fall outcomes(Peeters et al., 2007). 548 

Few studies examined if associations between balance and falls differed between men and 549 

women or at different ages, which is a key consideration when translating findings to clinical 550 

settings. One promising avenue for further exploration is the indication that one-legged balance 551 

with eyes closed, a more challenging test, may better identify fall risk in younger individuals, 552 

while the eyes open test may be a more appropriate test for older adults. This is supported by 553 

findings from Cho and Kamen(1998) and El-Sobkey(2011), which reported that balance with 554 

eyes closed but not opened was associated with falls in younger adults (mean age: 66.5) and 555 

that balance with eyes open but not closed was associated with falls in older adults (mean age 556 

74.5); replication of these analyses in larger, population-representative studies is required. 557 

Stratification of the meta-analysis by age (<75, ≥ 75 years) suggested that associations were 558 

stronger in younger adults. Although the one-legged balance test is commonly used in those 559 

aged 65+, there may be a floor effect at older ages, particularly for those who may be at highest 560 

risk of falling. This may partially explain why one-legged balance had poor prognostic 561 

accuracy in predicting falls. 562 
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Although our review identifies the most common elements of one-legged balance measurement 563 

protocols, further work is needed to identify and standardise a protocol for use in research and 564 

clinical settings.  Factors to consider include number of trials, leg choice, trial duration, 565 

continuous timing, body position of arms and raised leg, and criteria for stopping the timed 566 

trial. Moving forward, it is equally crucial that all studies who report on one-legged balance 567 

tests provide details  of the protocol used to better facilitate standardisation and comparison 568 

across studies. 569 

A key advantage of the one-legged balance test is its ability to isolate balance ability, in contrast 570 

to other measures such as the time-up-and-go, walking speed or chair rise. However, 571 

attenuation of estimates after adjustment suggests that other non-balance factors may better 572 

explain fall risk. For example, Power et al. (2014) suggested that there was strong evidence 573 

that tests that incorporated  balance and mobility (e.g. Timed Up and Go, sit to stand or walking 574 

speed  assessment) could predict falls, with weaker evidence for measures of standing balance 575 

and functional reach. While there is utility in examining isolated measures of balance to 576 

understand the mechanism of association with falls (Montero-Odasso and Speechley, 2018), a 577 

combined risk prediction tool that incorporates balance, mobility and fall history may be 578 

preferable.  Fall risk screening guidelines have recommended a two-factor approach of fall 579 

history and a measure of balance or gait ability (American Geriatrics Society, 2001). If no 580 

single test is sufficient to meaningfully predict falls(Gates et al., 2008; Lusardi et al., 2017), 581 

further research is needed to create an accurate multifactorial screening tool.” 582 

CONCLUSIONS 583 

This systematic review identified 55 papers from 51 study samples that examined the 584 

association between one-legged balance performance and fall risk. Study quality was 585 

consistently low across papers, limiting our ability to establish any clear conclusions. Despite 586 

previous advocacy for the one-legged balance test as a feasible and inexpensive screening tool, 587 

we found limited support for this, particularly in studies that temporally distinguished one-588 

legged balance and falls (i.e. longitudinal design). As the global population continues to age, 589 

the absence of robust empirical evidence on the association between one-legged balance and 590 

falls highlights the need to prioritise high quality studies in this area. Our review highlights 591 

crucial gaps in the existing literature that must be addressed to inform translation of balance 592 

assessments into effective screening tools to help address the rising prevalence of falls in an 593 

ageing population.  594 
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Figure 1. PRISMA flow chart outlining identification of eligible studies 
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a SD or SE not reported; prognostic imputation model used  

TUG Timed-up-and-go 

Figure 2. Forest plot showing standardised mean difference in one-legged balance times between fallers (1+ fall) and non-fallers. 
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Figure 3. Risk of any fall (1+): A. Odds ratio per 1s increase in balance time; B. Odds ratio per low balance cut-point; 
C. Relative risk per low balance cut-point (see study details in Appendix F) 
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a adjusted model not reported and not significant 

 

Figure 4. Odds ratios of recurrent falls (2+ falls) in those with low one-legged balance times 

compared to single or non-fallers (0-1 falls)
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of analyses 
(cross-sectional 

or 

longitudinal) 
 

a
 

Quality 

score 

(0-7) 

Andresen, 2006  

USA 

 

African American 

Health cohort study 

998 (58.2%) 

 

56.8  4.4, nr 

Continuous (0-30s) 

 

Analysed categorical 

(unable or 3s; 3-

29s; 30s) 

Not stated  

Retrospective 

(2 years) 

 

 

Prospective 

(2 years) 

 

Self-reported in interview 

 

 

 

 

Received annual phone calls 

0 falls; 1+ falls 

 

0 or non-

injurious falls; 

1+ injurious falls 

 

0 falls; 1+ falls 

Cross-sectional 

 

 

Cross-sectional 

 

 

Longitudinal 

5 

Ansai, 2016 

Brazil 

67 (67.2%) 

 

nr  nr, 80+ 

Continuous (0-30s) Open Retrospective 

(3 months) 

Self-reported questionnaire 0 falls; 1+ falls Cross-sectional 3 

Arai, 2020  

Japan 

399 (52.4%) 

 

71.7  4.2, 65-79 

Continuous 

(0-120s) 

Open Retrospective 

(12 months) 

Self-reported questionnaire 0 falls; 1+ falls Longitudinal 

 

5 

Beauchet, 2010  

France 

1759 (51.0%) 

 

70.7  4.6, 65-95 

Binary 

(<5; 5s) 

Moved arms (yes/no) 

Not stated Prospective 

(12 months) 

Received monthly phone 

calls 

0 falls; 1 fall; 2+ 

falls 

 

Longitudinal 4 

Bergland, 2004  

Norway 

307 (100%) 

 

80.8  nr, 75-93 

Continuous (0-nr) 

 

Analysed binary 

(median cut-off; not 

stated) 

Open Prospective 

(12 months) 

Submitted falls diary every 

3 months 

0 or non-

injurious falls; 

1+ injurious falls 

Longitudinal 7 

Blain, 2021  1471 (67.0%)  Continuous Not stated Retrospective Self-reported questionnaire 0 falls; 1+ falls Cross-sectional 4 
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France  

72.4  5.1, 65-nr 

(0-10s) 

 

Analysed binary 

(<6.5;  6.5s) 

(12 months)  

Bongue, 2011  

France 

1759 (51%) 

 

70.7  4.6, 65-95 

Continuous (0-60s) 

 

Analysed binary 

(Dominant leg:  

<12.7; 12.7s 

Non-dominant leg:  

<7.6; 7.6s) 

Open Prospective 

(12 months) 

Received monthly phone 

calls 

0 falls; 1+ falls Longitudinal 7 

Briggs, 1989  

USA 

71 (100%) 

 

72.3  7.0, 60-86 

Continuous 

(0-45s) 

Open 

+ Closed 

Retrospective 

(12 months) 

Self-reported in interview 

 

0 falls; 1+ falls Cross-sectional 3 

Buatois, 2006  

France 

189 (43.7%) 

 

70.0  4.0, 65+ 

Binary 

(<5; 5s) 

Open Prospective 

(16 months) 

Responded to questionnaire 

every 4 months 

0 falls; 1 fall; 2+ 

falls 

Longitudinal 4 

Buatois, 2010  

France 

1618 (49.3%) 

 

70.3  4.5, 65+ 

Binary 

(<5; 5s) 

Not stated Retrospective 

(mean 255 

months) 

Self-reported questionnaire 0-1 falls; 2+ falls Longitudinal 4 

Cho, 1998  

Country not stated 

 

16 (75%) 

 

74.5  nr, 65-87 

Continuous 

(0-30s) 

Open 

+ Closed 

Retrospective 

(2 years) 

Clinician referral of 

recurrent fallers 

0-1 falls; 2+ falls Cross-sectional 1 

Choy, 2007  

Australia 

456 (100%) 

 

nr  nr, 20-80 

Binary 

(<10; 10s) 

 

Analysed categorical 

(stable, unsteady, 

unstable) 

Open 

+ Closed 

Retrospective 

(12 months) 

 

Self-reported questionnaire Continuous # of 

falls 

 

Cross-sectional 1 

Choy, 2008  

Australia 

254 (100%) 

 

nr  nr, 40-80 

Binary 

(<10; 10s) 

 

Analysed categorical  

(stable=3 successful 

trials; unsteady =1-2 

successful trials;  

Open Retrospective 

(12 months) 

 

Self-reported questionnaire Continuous # of 

falls 

 

Cross-sectional 1 
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unstable=0 

successful trials. 

Where 10s = success) 

Crenshaw, 2020  

USA 

120 (100%) 

 

77.1  7.5, 65-nr 

Continuous 

(0-30s) 

Not stated Prospective 

(12 months) 

Complete biweekly falls 

questionnaires; received 

reminder letters and phone 

calls if questionnaires were 

missing for a month 

0 falls; 1+ falls Longitudinal 

 

5 

Depasquale, 2009  

USA 

58 (67.2%) 

 

80.8  6.7, 65-94 

Continuous 

(0-30s) 

Open Retrospective 

(2 years) 

Self-reported in interview 

 

0 falls; 1+ falls Cross-sectional 2 

de Rekeneire, 2003  

USA 

 

Health, Aging & Body 

Composition Study 

3050 (51.5%) 

 

nr  nr, 70-79 

Continuous 

(0-30s) 

Analysed categorical  

 (0, 1, 2) 

Not stated Retrospective 

(12 months) 

Self-reported questionnaire 

 

0 falls; 1+ falls Cross-sectional 1 

Delbaere, 2006  

Australia 

 

Sydney Memory and 

Ageing Study 

494 (54%) 

 

77.9  4.1, 70-90 

Continuous 

(0-10s) 

Not stated Prospective 

(12 months) 

Submitted monthly falls 

diaries 

0-1 non-injurious 

falls; 1 injurious 

or 2+ falls 

Longitudinal 5 

Ek, 2019  

Sweden 

 

SNAC-K 

2808 (62.3%) 

 

73  10.3, 60+ 

Continuous 

(0-60s) 

 

Analysed binary (<5; 

5s) 

Open Prospective 

(5 years) 

ICD-10 codes via linked 

health records 

0 or non-

injurious falls; 

1+ injurious falls 

Longitudinal 7 

Ek, 2019  

Sweden 

 

SNAC-K 

3112 (63.7%) 

 

73.9  10.6, 60+ 

Continuous 

(0-60s) 

 

Analysed binary (<5; 

5s) 

Open Prospective 

(4, 10 years) 

ICD-10 codes via linked 

health records 

0 or non-

injurious falls; 

1+ injurious falls 

Longitudinal 7 

El Sobkey, 2011  

 

Kingdom of Saudi 

Arabia 

48 (60.4%) 

 

66.5  6.3, 60-85 

Continuous 

(0-45s) 

Open 

+ Closed 

Retrospective 

(12 months) 

 

Self-reported in interview 

 

0 falls; 1+ falls 

 

Continuous # of 

falls 

Cross-sectional 

 

Cross-sectional 

2 

Eto, 2018  

Japan 

159 (64.8%) 

 

74.3  6.3, 65+ 

Continuous 

(0-120s) 

Open Retrospective 

(12 months) 

 

Self-reported questionnaire 0 falls; 1+ falls Cross-sectional 3 
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Gerdhem, 2005  

Sweden 

984 (100%) 

 

75  0, 75-75 

Continuous 

(0-30s) 

 

Sum of 4 conditions 

analysed (0-120s) 

Open 

+ Closed 

Retrospective 

(1.010.05 years) 

 

Self-reported questionnaire 

0 falls; 1+ falls 

 

1 fall; 2+ falls 

Longitudinal 

 

Longitudinal  

6 

Hasegawa, 2019  

Japan 

 

Frail Elderly in the 

Tamba Sasayama-

Area study 

672 (66.8%) 

 

72.8  5.9, 65+ 

Continuous 

(0-nr) 

Open Retrospective 

(12 months) 

 

Self-reported questionnaire 0 falls; 1+ falls Cross-sectional 4 

Hashidate, 2011  

Japan 

30 (50%) 

 

nr  nr, 65+ 

Continuous (0-nr) Open Retrospective 

(12 months) 

Self-reported in interview 

 

0 falls; 1+ falls Cross-sectional 1 

Heitmann, 1989  

USA 

110 (100%) 

 

73.6  7.2, 60-89 

Continuous 

(0-30s) 

Open 

+ Closed 

Retrospective 

(12 months) 

Self-reported questionnaire 

 

0 falls; 1+ falls Cross-sectional 2 

Ikegami, 2019  

Japan 

 

Obuse study cohort 

412 (50.7%) 

 

nr  nr, 50-89 

Continuous 

(0-60s) 

Analysed per 1SD 

Not stated Retrospective 

(12 months) 

Self-reported in interview 

 

Continuous # of 

falls 

 

Cross-sectional 4 

Jalali, 2015  

Iran 

448 (46.7%) 

 

73.8  6.3, 65+ 

Continuous 

(0-nr) 

Analysed binary 

(12.7; >12.7s) 

Open Retrospective 

(12 months) 

Self-reported in interview 

 

0-1 falls; 2+ falls Cross-sectional 4 

Kwan, 2011  

Taiwan 

280 (42.9%) 

 

74.9  6.4, 65-91 

Continuous 

(0-30s) 

Open Retrospective 

(12 months) 

Self-reported questionnaire 

 

0 falls; 1+ falls Cross-sectional 3 

Lim, 2016 

South Korea 

 

Chungju Metabolic 

Disease Cohort study 

5368 (55.8%) 

 

67.7  4.9, 40+ 

Continuous 

(0-30s) 

 

Analysed categorical 

(gender & age-

specific quartiles) 

Not stated Retrospective 

(12 months) 

Self-reported questionnaire 0 falls; 1+ falls Cross-sectional 3 

Lin, 2004 

Taiwan 

1200 (41%) 

 

73.4  nr, 65+ 

Continuous 

(0-nr) 

Open Retrospective 

(12 months) 

 

Prospective 

Self-reported in interview 

 

0 falls; 1+ falls 

 

 

0 falls; 1+ falls 

Cross-sectional 

 

 

Longitudinal 

6 



 39 

(12 months) Reported each fall by 

postcard & received phone 

call every 3 months 

Macrae, 1992  

USA 

94 (69.1%) 

 

73.2  0.8, 60-89 

Continuous 

(0-30s) 

Open Retrospective 

(12 months) 

Self-reported in interview 

 

0 falls; 1+ falls Cross-sectional 3 

Mahoney, 2019  

USA 

 

Central Control of 

Mobility in Aging 

study 

289 (53%) 

 

76.7  6.4, 65-93 

Continuous 

(0-30s) 

Not stated Prospective 

(2417 months) 

Received phone call every 

2-3 months 

0 falls; 1+ falls Longitudinal 6 

Moreira, 2005  

Brazil 

 

Network for Studies 

on Frailty in the 

Brazilian Elderly 

773 (64%) 

71.9  5.9, nr 

Continuous 

(0-60s) 

Not stated Retrospective 

(12 months) 

Self-reported in interview 0 falls; 1+ falls Cross-sectional 4 

Muir, 2010  

Canada 

 

Project to Prevent 

Falls in Veterans 

182 (30%) 

 

79.9  4.7, 60+ 

Binary 

(<10; 10s) 

Open Prospective 

(12 months) 

 

Submitted monthly falls 

diary & received phone call 

every fall 

 

0 falls; 1+ falls 

 

0 or non-

injurious falls; 

1+ injurious falls 

 

Longitudinal 

6 

Mulasso, 2017  

Italy 

192 (62%) 

 

73  6.2, 65+ 

Continuous 

(0-60s) 

Not stated Retrospective 

(12 months) 

 

Self-reported questionnaire 0 falls; 1+ falls Longitudinal 6 

Nevitt, 1989  

USA 

325 (81.8%) 

 

nr  nr, 60+ 

Continuous 

(0-nr) 

 

Analysed binary (<2; 

2s) 

Not stated  

Prospective 

(12 months) 

Submitted weekly falls 

postcards and were 

contacted if missing 

postcard 

0-1 falls; 2+ falls Longitudinal 6 

Niam, 1999  

Singapore 

68 (67.2%) 

 

71.7  8.1, 60-89 

Continuous 

(0-60s) 

Open Retrospective 

(12 months) 

Self-reported in interview 

 

0 falls; 1+ falls Cross-sectional 1 

Park, 2020  

South Korea 

39 (74.4%) 

 

79  5.3, 65-nr 

Continuous 

(0-45s) 

Open Retrospective 

(12 months) 

Self-reported in interview 

 

0 falls; 1+ falls Cross-sectional 

 

4 
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Porto, 2020  

Brazil 

 

101 (77.2%) 

67.6  5.0, 60-nr 

Continuous 

(0-30s) 

Not stated Prospective 

(12 months) 

Received monthly phone 

calls 

0 falls; 1+ falls 

 

1 fall; 2+ falls 

Longitudinal 

 

Longitudinal 

7 

Rossat, 2011  

France 

7643 (50.5%) 

 

70.9  4.6, 65+ 

Binary 

(<5; 5s) 

Not stated Retrospective 

(12 months) 

 

Self or proxy-reported 

questionnaire 

0 falls; 1 fall; 2 

falls; 3+ falls 

 

Continuous #of 

falls 

 

 

Cross-sectional 

4 

Sampaio, 2013  

Japan & Brazil 

114 (80%) 

 

71.8  4.3, 65+ 

Continuous 

(0-30s) 

Not stated Retrospective 

(12 months) 

Self-reported questionnaire 

 

0 falls; 1+ falls Cross-sectional 3 

Shimada, 2009  

Japan 

455 (67.1%) 

 

81.4 7.8, 65+ 

Continuous 

(0-120s) 

 

Analysed continuous 

and binary (3; >3s) 

Not stated Retrospective 

(12 months) 

Self or proxy-reported 

questionnaire 

0 falls; 1+ falls Cross-sectional 4 

Shimada, 2011  

Japan 

213 (61%) 

 

80  7.1, 65+ 

Continuous 

(0-120s) 

Not stated Retrospective 

(3 months) 

Self or proxy-reported 

questionnaire 

0 falls; 1+ falls Cross-sectional 2 

Shinohara, 2020  

Japan 

109 (84.4%) 

 

76.9  6.5, 65-nr 

Continuous 

(0-30s) 

Not stated Retrospective 

(12 months) 

Self-reported questionnaire 0 falls; 1+ falls Cross-sectional 

 

2 

Shin, 2012  

South Korea 

 

356 (66.6%) 

 

71.6  4.9, 65+ 

Continuous 

(0-20s) 

Open 

+ Closed 

Retrospective 

(12 months) 

Self-reported questionnaire 

 

0 falls; 1+ falls Cross-sectional 4 

Swanenburg, 2013  

Switzerland 

146 (69.9%) 

 

55  22, 20-94 

Continuous 

(0-nr) 

Analysed binary 

(<30; 30s) 

Not stated Retrospective 

(12 months) 

Self-reported in interview 

 

0-1 falls; 2+ falls Cross-sectional 1 

Thomas, 2005  

United Kingdom 

30 (53.9%) 

 

80.4  6.7, 65+ 

Continuous 

(0-nr) 

Analysed binary 

(1.02; >1.02) 

Not stated Retrospective 

(12 months) 

Self-reported in interview; 

verified with medical notes 

and records 

0-1 falls; 2+ falls Cross-sectional 4 

Tinetti, 1988  

USA 

 

336 (55%) 

 

78.3  5.1, 75+ 

Binary 

(unable to stand 

unsupported on one 

leg; able) 

Open Prospective 

(12 months) 

Submitted bimonthly falls 

diaries & received 

bimonthly phone calls 

0 falls; 1+ falls Longitudinal 5 
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Yale Health and 

Aging Project 

Toulotte, 2006  

France 

 

40 (100%) 

 

68.8  5.6, 60+ 

Analysed # of times 

foot touched ground 

in 30s 

Open 

+ Closed 

Retrospective 

(2 years) 

Self-reported in two 

independent blinded 

interviews 

0 falls; 1+ falls Cross-sectional 4 

Vellas, 1997  

USA 

 

Albuquerque Falls 

Study 

316 (59%) 

 

72.7  6.1, 60+ 

Binary 

(<5; 5s) 

Open Prospective 

(3 years) 

 

Submitted bimonthly falls 

postcards & initiated phone 

call every fall 

0 falls; 1+ falls 

 

0 or non-

injurious falls; 

1+ injurious falls 

Longitudinal 7 

Vellas, 1998  

USA 

 

Albuquerque Falls 

Study 

405 (59%) 

 

74  6.7, 60+ 

Binary 

(<5; 5s) 

Not stated Prospective 

(2 years) 

 

Submitted bimonthly falls 

postcards & initiated phone 

call every fall 

0 falls; 1+ falls 

 

0 or non-

injurious falls; 

1+ injurious falls 

Longitudinal 

 

 

Longitudinal 

6 

Welmer, 2017  

Sweden 

 

SNAC-K 

2495 (61.9%) 

 

72  9.8, 60+ 

Continuous 

(0-60s) 

Open Prospective 

(3, 5, 10 years) 

ICD-10 codes via linked 

health records 

0 or non-

injurious falls; 

1+ injurious falls 

Longitudinal 7 

Yamada, 2010  

Japan 

171 (78.4%) 

 

80.5  5.6, 65+ 

Continuous 

(0-nr) 

Open Prospective 

(12 months) 

Submitted monthly falls 

postcards 

0 falls; 1+ falls Longitudinal 5 

Yamada, 2012  

Japan 

252 (76.6%) 

 

78.3  6.8, 65+ 

Continuous 

(0-60s) 

Open Retrospective 

(12 months) 

 

Self-reported in interview 

 

0 falls; 1+ falls 

Cross-sectional 

 

Longitudinal 

5 

Yamada, 2020  

Japan 

 471 (79.6%)  

 

72.3  7.3, 50-nr 

Continuous 

(0-nr) 

Open Retrospective 

(12 months) 

Self-reported questionnaire 0 falls; 1+ falls Longitudinal 

 

5 

ICD International Classification of Diseases; SNAC-K Swedish National Study on Ageing and Care in Kungsholmen; USA United States of America 
a Cross-sectional refers to analysis of balance and falls measures assessed at the same time. Longitudinal refers to analysis, where balance is assessed at baseline and falls are 

assessed after a given follow-up period. 

For further study details, see Supplementary Table 1. 
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Table 2. Median balance time (seconds) by fallers and non-fallers 

Author Sample 

size 

Balance time in 

fallers (s) 

Median (Q1, Q3) 

Balance time in 

non-fallers (s)  

Median (Q1, Q3) 

P-value 

Shimada et al. (2011) 213 3 (IQR=4.0) 4 (IQR=6.0) 0.31 

Sampaio et al. (2013)   Japan  40 15.2 (6.1, 29.0) 24.1 (9.2, 30.0) 0.56 

                 Brazil  74 13.9 (3.9-23.3) 12.7 (6.5, 26.2) 0.54 

Ansai et al. (2020) 67 2.3 (1.4, 6.7) 3.1 (1.1, 9.4) 0.53 

Heitmann et al. (1989) 110 4.62 (nr) 4.24 (nr) >0.05 

Niam & Wee (1999) 68 nr nr >0.05 

Eto & Miyauchi (2018) 159 nr nr 0.10 

Hashidate et al. (2011) 30 nr nr >0.05 

Arai et al. (2020) a 399 nr nr 0.12 

POOLED MEDIAN DIFFERENCE:   1.0 (-1.2, 8.9) b 

Q1= 25th percentile; Q3: 75th percentile; nr=not reported; IQR: interquartile range (Q3 – Q1) 
a Longitudinal study; all other studies are cross-sectional 

b A positive difference indicates that non-fallers have longer balance time than fallers, while a negative difference 

indicates that fallers have longer balance times than non-fallers  
 2 
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 3 

Table 3. Prognostic accuracy of balance test in predicting falls  

Author Cut-

point 

Sensitivity 

(%) a 

Specificity 

(%) b 

Positive 

Predictive 

Value (%) c 

Negative 

Predictive 

Value (%) d 

AUC 

(95% CI) e 

ANY FALL (cross-sectional) 
Depasquale & Toscano 

(2009) 

<6.5 48.3 89.7 82.4% 63.4% 0.766 

  Eto & Miyauchi (2018) <55.4 - - - - 0.533 

Lin et al. (2004) - - - - - 0.640 

Rossat et al. (2010) <5s 20.8 f 88.1 f 29.8 f 82.1 f - 

Shimada et al. (2009) <3 51 61 - - - 

ANY FALL (longitudinal)     

Beauchet et al. (2010) 

        dominant 

 

 <5s 

 

34.5 f 

 

73.0 f 

 

37.5 f 

 

70.3 f 

 

- 

Bongue et al. (2011) 

        non-dominant   

  

 <7.6s 

 

46.0 f 

 

65.3 f 

 

38.4 f 

 

72.0 f 

 

0.56 (0.53,0.59) 

        dominant <12.7s 60.9 f 49.1 f 36.0 f 72.7 f 0.55 (0.53,0.58) 

Beauchet et al. (2010) g 

Bongue et al. (2011) g 

Moved 

arms 
50.6 f 59.7 f 37.2 f 72.0 f - 

Buatois et al. (2006) <5s 28.1 f 65.2 f 25.8 f 67.7 f - 

Crenshaw et al. (2020) per 1SD - - - - 0.56 

Gerdhem et al. (2005) per 1s - - - - 0.55 (0.51-0.60) 

Lin et al. (2004) per 1s - - - - 0.527 

Muir et al. (2010) <10s 74.4 f 46.2 f 50.9 f 70.6 f - 

Tinetti et al. (1988) Unable 56.5 f 61.4 f 40.9 f 90.4 f - 

RECURRENT FALLS (cross-sectional) 
Jalali et al. (2015) h <12.7 83.5  63  47.6 90.4 - 

  Swanenburg et al. (2013) <30 61.1 f 52.5 f 28.2 f 81.6 f - 

Rossat et al. (2010)  <5s 26.6 f 87.2 f 12.1 f 94.7 f - 

 Thomas & Lane (2005) <1.02 67 (39-86) 89 (67-97) - - - 

RECURRENT FALLS (longitudinal) 

Beauchet et al. (2010) <5 33 71.2 14.3 88.1 - 

 Moved 

arms 

55.9 58.2 16.2 90.1 - 

Buatois et al. (2006) <5s 16.7 f 90.3 f 15.4 f 91.1 f - 

Buatois et al. (2010) <5s 42.1 f 68.2 f 12.9 f 91.3 f - 

Gerdhem et al. (2005) <5s 28.8 f 89.1 f 14.5 f 95.1 f - 

INJURIOUS FALLS (longitudinal) 
Vellas et al. (1997) <5 - 36 76 31 - 
a Proportion of fallers who had a positive screening test (e.g. balance time < cut-point) (Parikh et al., 2008) 
b Proportion of non-fallers who had a negative screening test (e.g. balance time  cut-point) (Parikh et al., 2008) 
c Proportion of those with a positive screening test (e.g. balance time < cut-point) who have a fall (Parikh et al., 

2008) 
d Proportion of those with a negative screening test (e.g. balance time  cut-point) who do not have a fall (Parikh 

et al., 2008) 
e Area under the curve 
f Calculated using available data from paper 
g Same sample; values for moved arms identical in both papers  
h Values calculated from sample size; sensitivity, specificity, positive predictive value, and negative predictive 

value are incorrect in paper 


