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ABSTRACT 

 

Background. The mini-Balance Evaluation Systems Test (mini-BESTest) is a valid tool 

for assessing standing balance in people with spinal cord injury (SCI). Its reliability has 

not yet been investigated with this population.  

Objective. To assess the test-retest and inter-rater reliability of the mini-BESTest in 

adults with SCI in a rehabilitation setting. 

Methods. Twenty-three participants admitted in a rehabilitation center following a SCI 

(mean age = 52.2 years, SD = 14.5; 13/23 tetraplegia; 14/23 traumatic injury) and able to 

stand 30 seconds without help were recruited. They were evaluated twice with the mini-

BESTest to establish the test-retest reliability (interval of 1 to 2 days). One of the two 

sessions was video-recorded to establish the inter-rater reliability (3 physiotherapists). 

Intraclass correlation coefficients (ICC2,1), weighted kappa (Kw) and Kendall’s W were 

used to determine reliability of total score and individual items. Minimal detectable 

changes (MDC) were computed. 

Results. The mini-BESTest total scores showed excellent test-retest (ICC=0.94) and 

inter-rater (ICC=0.96) reliability. Reliability of 50% of the individual items was acceptable 

to excellent (w and W = 0.35 – 1.00). The MDC of the mini-BESTest total score was 4 

points.  

Conclusion. The mini-BESTest is a reliable tool to assess standing balance in adults 

with a SCI. A minimal change of 4 points on the total scale is needed to be confident that 

the change is not a measurement error between two sessions or two raters. 

Key Words: Reliability, mini-BESTest, Balance, Spinal Cord Injuries, Rehabilitation  
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INTRODUCTION 

 

Balance control is a complex phenomenon and must be evaluated comprehensively to 

guide therapeutic interventions and assess improvement. A panel of experts recently 

reviewed all existing standing balance outcome measures and recommended the use of 

the Berg Balance Scale (BBS) and the mini-BESTest with adult populations (Sibley et al, 

2015b). While the BBS is widely used (Bambirra, Rodrigues, Faria, and Paula, 2015; 

Berg, Wood-Dauphinee, Williams, and Gayton, 1989; Sibley et al, 2015b) and is a valid 

and reliable measure to use with the SCI population (Spinal Cord Injury Research 

Evidence, 2016), a ceiling effect limits its applicability for people with less balance deficits 

(Datta, Lorenz, and Harkema, 2012; Jørgensen et al, 2017; Lemay and Nadeau, 2010). 

The BBS has also been criticized for not considering more dynamic components of 

balance such as reactive postural control and balance during gait (Datta, Lorenz, and 

Harkema, 2012; Sibley et al, 2015a). Considering that approximately 38% of individuals 

with a SCI recover the ability to walk one year post injury (Spinal Cord Injury Model 

Systems, 2017), these balance components should be assessed.  

The mini-BESTest is a short version of the BESTest (Balance Evaluation Systems Test) 

designed to comprehensively assess various components of standing balance. It is more 

clinically applicable than its longer version (15 minutes vs 45 minutes) (Franchignoni et 

al, 2015) and assesses 14 items coming from 4 of the 6 BESTest components of standing 

balance: anticipatory postural control (subscale I: 3 items), reactive postural control 

(subscale II: 3 items), sensory orientation (subscale III: 3 items) and dynamic gait 
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(subscale IV: 5 items). Roaldsen, Wakefield, and Opheim (2015) explored the usefulness 

of the mini-BESTest for the rehabilitation of adults with various diagnoses, including SCI. 

They concluded that the mini-BESTest may help clinicians to identify the postural control 

components causing balance impairment and establish targeted interventions, especially 

for people with higher functional levels. 

Regarding the psychometric properties of the mini-BESTest, Jørgensen et al. (2017) 

reported a good internal consistency and construct validity with chronic SCI. They also 

found that the score could differentiate adults with a SCI walking with/without walking aids 

and those having low/high concerns about falling. No ceiling effect was mentioned in any 

previous study (Chinsongkram et al, 2014; Chiu and Pang, 2017; Goljar et al, 2017; 

Hamre, Botolfsen, Tangen, and Helbostad, 2017; Jacome, Cruz, Oliveira, and Marques, 

2016; Jørgensen et al, 2017; Marques et al, 2016; Roaldsen, Wakefield, and Opheim, 

2015; Ross et al, 2016; Schlenstedt et al, 2015). However, the test-retest and inter-rater 

reliability, as well as the minimal detectable change (MDC), have not yet been established 

in adults with SCI in a rehabilitation setting. Thus, the aim of this study was to investigate 

the test-retest and the inter-rater reliability of the mini-BESTest total scores and individual 

items and to determine the MDC for adults undergoing intensive in-patient rehabilitation 

after SCI. Because the overall reliability of the mini-BESTest scores was found to be good 

to excellent among other groups of patients such as Parkinson’s Disease, chronic and 

subacute stroke, multiple sclerosis and the elderly (Dahl and Jørgensen, 2014; Di Carlo 

et al, 2016; Goljar et al, 2017; Hamre, Botolfsen, Tangen, and Helbostad, 2017; Marques 

et al, 2016; Ross, Purtill, and Coote, 2016), it was hypothesized that the test would also 

show good to excellent reliability for SCI adults in a rehabilitation setting.   
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METHODS 

 

Study design 

A prospective observational study was conducted to measure the reliability (test-retest 

and inter-rater) of the mini-BESTest. This article was reported based on 

recommendations of the guideline for reporting reliability and agreement studies 

(GRRAS) (Kottner et al, 2011) and on the COnsensus-based Standards for the selection 

of health Measurement INstruments (COSMIN) (Terwee et al, 2007; Terwee et al, 2012). 

 

Participants 

Adults with a SCI admitted in a public rehabilitation center in Canada were recruited from 

August 2015 to September 2016. All participants had gone through spinal surgery and 

were in-patients undergoing functional rehabilitation aiming to maximize their 

independence at the time of recruitment. Participants met the following inclusion criteria: 

(1) aged between 18 and 75 years old, (2) sustained a traumatic or non-traumatic SCI, 

complete or incomplete (4) able to stand without aid for 30 seconds, (5) spoke French or 

English, (6) tolerated 20 minutes of evaluation with rest periods, (8) able to provide an 

informed consent. Participants were excluded if they had a severe neurological condition 

other than the SCI or a musculoskeletal or medical condition that would interfere with the 

measurements. They were also excluded if they had a psychiatric condition or dementia 

that could alter understanding of the instructions. All participants signed an informed 
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consent form prior to the study, which was approved by the local ethics committee (CRIR-

1082-0515). 

 

Sample size 

The sample size needed for this study was estimated based on an alpha level of 0.05 and 

a power of 0.80. The minimal acceptable level of ICC was set at 0.70 and the predicted 

ICC was 0.90 (confidence interval of ± 0.2). A sample of 19 participants was required to 

establish the test-retest (n=2 sessions) and inter-rater (n=3 raters) reliability (Walter, 

Eliasziw, and Donner, 1998). 

 

Outcome measure 

The mini-BESTest is a 14-item balance measure. Each task is scored on a 3-point scale 

(from 0 to 2) for a maximal total score of 28 and maximal sub-scores of 6 (subscales I, II, 

III) or 10 (subscale IV), with higher scores representing better balance (Franchignoni et 

al, 2010; Horak, 2018). Participants were evaluated wearing their comfortable shoes and 

orthoses if they needed them for safety, except for item #3 (rise up to toes) and #9 (incline 

– eyes closed) for which orthoses would have been restrictive. The mini-BESTest was 

administered according to the official instructions available on the author’s web page 

(Horak, 2018). Deviations from the straight line were considered as imbalance in items 

#10 and #11, as discussed with the author of the test. The same equipment (chair, foam 

surface, incline, box) was used for every participant. For French-speaking participants, 

the test was freely translated by the evaluator because a French version was not yet 

available. 
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Procedure 

After recruitment, demographic information, as well as outcome measures routinely 

conducted by the rehabilitation team, were collected from the participant’s medical file. 

The three raters involved in the assessment were physiotherapists with at least eight 

years of experience in SCI rehabilitation. The three raters undertook the video training 

available on the author’s web page (Horak, 2018). They also participated in three 

sessions (total 3 hours) discussing and practicing the administration and scoring of each 

item to maximize standardization.  

The reliability study was conducted at baseline (inclusion in the study) for half of the 

participants and a few days before discharge for the other half in order to have 

representative levels of balance impairments.  

Test-retest reliability. Rater 1 evaluated all participants using the mini-BESTest twice, 

within a 24 to 48-hour interval. The two evaluations were made at the same period of the 

day to avoid influence of fatigue on the participant’s performance. Participants used the 

same walking device and orthoses (if needed) for both sessions. The rater was blinded 

to their previous ratings. A second person provided close supervision at all times for 

security.  

Inter-rater reliability. One of the two evaluations conducted by rater 1 was recorded by 

two video cameras (two different angles). Raters 1, 2 and 3 looked at the videos to score 

each participant’s performance. Rater 1 watched the videos at least one month after the 

sessions to be blinded to her previous ratings. The scoring of the three raters was made 

independently. 
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Statistical analysis 

Statistical analyses were performed using IBM SPSS Statistics version 24.0 (IBM 

corporation, Armonk, New York). Descriptive statistics and clinical characteristics were 

used to describe the sample. A Shapiro-Wilk test was used for the assessment of 

normality of the distributions of scores and score differences. The significance level was 

set to p< .05.  

Scores from sessions 1 and 2 were used to calculate test-retest reliability and scores from 

the video assessments of raters 1, 2 and 3 were used to calculate inter-rater reliability. 

Intraclass correlation coefficients (ICC2,1) (2-way random analysis of variance (ANOVA), 

absolute agreement, single measurement) with their respective 95% confidence interval 

(95%CI) were computed for total scores and sub-scores. Reliability of sub-scores must 

however be interpreted with caution as the mini-BESTest is unidimensional (Franchignoni 

et al, 2015; Franchignoni et al, 2010) and these divisions, based on a postural control 

systems framework (Horak, Wrisley, and Frank, 2009), have not been validated. ICC 

values greater than 0.70 are recommended as a minimum standard for reliability (Terwee 

et al, 2007) and values greater than 0.80 were considered excellent (Di Carlo et al, 2016). 

The standard error of measurement (SEM) was calculated using each ICC computed 

previously. SEM represents the measurement error expressed in the same unit of 

measurement as the outcome measure itself: 

SEM = SD √(1-ICC) 



RELIABILITY OF THE MINI-BESTEST IN SCI 

 

9 

where SD is the standard deviation of the scores obtained on the mini-BESTest from all 

the observations and ICC is the corresponding reliability coefficient. The minimal 

detectable change (MDC) was then calculated with each SEM: 

MDC95 = SEM x 1.96 x √2 

where 1.96 is the z-value chosen. MDC95 represents the smallest score change, at a 95% 

confidence level, that can be considered a true change and not a measurement error 

alone (Streiner, Norman, and Cairney, 2015). The SEM and MDC95 were also expressed 

in percentage (SEM %, MDC95%) of the maximal score possible on the total mini-

BESTest. 

Reliability of sub-scores and each individual item score on the mini-BESTest was also 

assessed using the quadratic weighted kappa statistic (w, with 95%CI) and the Kendall’s 

coefficient of concordance (Kendall’s W, with p-value) for test-retest and inter-rater 

reliability, respectively. The w observes the agreement between paired scores. A kappa 

value of 1 represents perfect agreement between the two measurements, a value of 0 

indicates no more agreement than that expected by chance and a kappa value of -1 would 

indicate perfect disagreement between measurements (McHugh, 2012). Kendall’s W 

ranks the observation from the different raters and determines how much variability there 

is between the average ranks. Values of w and Kendall’s W were interpreted as the ICCs 

(Di Carlo et al, 2016; Gisev, Bell, and Chen, 2013; Landis and Koch, 1977). 

The kappa statistics and Kendall’s W cannot be produced for items having no variability 

(i.e. same score attributed to every participant).  For these items, the percent agreement 

(%agreement) was calculated as described by McHugh (McHugh, 2012). This author’s 

classification of the level of agreement was also used: 0-4% = no agreement; 4-15% = 
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minimal; 15-35% = weak; 35-63% = moderate; 64-81% = strong; 82-100% = almost 

perfect agreement (McHugh, 2012). 

Finally, the Bland and Altman (B&A) plots of difference against mean with Limits of 

Agreement (LA) were used as a visual demonstration of the agreement between sessions 

and pairs of raters. T-tests were computed to detect the presence of systematic bias, in 

which case the mean difference (d) would be significantly different from 0. The 95%LA 

was calculated as follows (Giavarina, 2015):  

95%LA = mean difference (d) ± 1.96*SD 

where SD is the standard deviation of the differences. 

 

 

RESULTS 

 

Characteristics of participants 

Thirty-two in-patients were approached for recruitment. Six refused to participate for 

personal reasons and two were excluded based on health problems that were among the 

exclusion criteria (ankle sprain and psychological condition). One participant was not re-

assessed because his condition was different (needed to wear an ankle brace). 

Therefore, twenty-three participants with a SCI level between C2 and L5 completed the 

reliability study. Twelve of them were assessed at their inclusion in the study and 11, just 

before discharge from in-patient SCI rehabilitation. Participants’ demographic 

characteristics at the time of assessment are presented in Table 1. Five participants 

needed a walking device to perform the walking items of the mini-BESTest (walker: n=4; 
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two canes: n=1) and two participants needed ankle-foot orthoses. Table 2 presents the 

average total score and sub-scores on the mini-BESTest for each session and rater. 

 

Test-retest reliability 

Relative test-retest reliability was excellent for the mini-BESTest total score (ICC = 0.94) 

(Table 3) and for scores on subscales I, III and IV (ICC = 0.83 – 0.93; Kw = 0.83 – 0.93). 

It was acceptable for the score on subscale II (ICC = 0.72; Kw = 0.71). Absolute reliability 

expressed with SEM is also shown in Table 3. Test-retest reliability coefficients (Table 4) 

were excellent for five items (Kw and % > 0.86), acceptable for three more items (Kw = 

0.61 – 0.78) and below the acceptable levels for six items (Kw = 0.35 – 0.59). There was 

no statistically significant agreement between the two sessions for items #4 and #10 (Kw 

= 0.35 – 0.40, p >0.05). On the B&A plot (Figure 1A), the mean difference between total 

scores attributed on the two different sessions (d = 0) did not differ from zero (p = 1.00) 

and no heteroscedasticity was observed. Moreover, the test-retest reliability of scores 

obtained by the participants evaluated at baseline (ICC = 0.89) and at discharge (0.91) 

was similar, with 95%CI showing a largest range at baseline (0.45-0.98 vs 0.75-0.97).  

 

Inter-rater reliability 

Relative inter-rater reliability was overall excellent for total score (ICC = 0.96; Table 3) 

and sub-scores (ICC = 0.80 – 0.95; W = 0.88 – 0.99). Inter-rater reliability was also 

excellent for 13 of the mini-BESTest individual items (W = 0.83 – 1.00, p < .001; Table 4) 

and acceptable for item #2 (rise to toes) (W = 0.74). B&A plots (Figures 1B, C and D) 

revealed no systematic error for total score attributed by every pair of raters, with mean 
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differences (d =  0.22 - 0.43) not statistically different from 0 (p  0.31). Raters 1 and 2 

showed more agreement with each other than with rater 3 with narrower limits of 

agreement (Figure 1). 

 

Minimal detectable change 

MDC95 of total scores derived from the test-retest ICC and inter-rater ICC were 3.83 vs 

3.43 points respectively. 

 

 

DISCUSSION 

 

To our knowledge, this study was the first to assess reliability of the mini-BESTest in SCI 

adults in rehabilitation. Our hypothesis that the test-retest and inter-rater reliability of the 

mini-BESTest total scores would be acceptable to assess standing balance of this 

population is confirmed. Results are even above recommendations for clinical use (ICC 

> 0.90) (Streiner, Norman, and Cairney, 2015). Our ICC values (total group: 0.94 – 0.96; 

baseline/discharge groups: 0.89 – 0.91) are also comparable to previous studies 

assessing other populations (range 0.71 to 0.99) (Anson, Thompson, Ma, and Jeka, 2017; 

Chiu and Pang, 2017; Dahl and Jørgensen, 2014; Di Carlo et al, 2016; Goljar et al, 2017; 

Hamre, Botolfsen, Tangen, and Helbostad, 2017; Jacome, Cruz, Oliveira, and Marques, 

2016; Jacome et al, 2017; Marques et al, 2016; Ross, Purtill, and Coote, 2016). 

Agreement between raters 1 and 2 was greater than with rater 3. However, every LA (-

4.05 to 3.61) was comparable or inferior to estimated values from previous studies ( 3 
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to 6 points (Huang et al, 2016; Jacome, Cruz, Oliveira, and Marques, 2016; Jacome et al, 

2017; Löfgren et al, 2014; Marques et al, 2016; Ross, Purtill, and Coote, 2016)). With a 

MDC of 3.43 to 3.83 points and LA around 4 points, we are confident that a score change 

of 4 points on the total mini-BESTest is beyond the measurement error alone and 

indicates a true change of the balance status for an individual. A change of 4 points 

corresponds to a 14.3% change on the total scale, which approaches the MDC95 of 10.3% 

(5.74 points out of 56) for the BBS with chronic incomplete SCI (Tamburella, Scivoletto, 

Iosa, and Molinari, 2014). The slightly lower MDC for the BBS might be explained by the 

different population studied (chronic SCI vs sub-acute) and type of ICC used (ICC3,1 vs 

ICC2,1). A change of 4 points is also within the range of the previously calculated MDC for 

the mini-BESTest in neurological populations, i.e. between 2.0 and 8.4 points (Chiu and 

Pang, 2017; Dahl and Jørgensen, 2014; Godi et al, 2013; Hamre, Botolfsen, Tangen, and 

Helbostad, 2017; Lampropoulou et al, 2018; Löfgren et al, 2014; Ross, Purtill, and Coote, 

2016; Tsang, Liao, Chung, and Pang, 2013). Not considering studies with the extreme 

data narrows this range to MDC = 3.0 – 5.3 points, within which our MDC is still situated. 

The lower MDC from Dahl and Jørgensen (2014) could be explained by the methodology 

(ratings from video-recordings only) and the type of ICC used (ICC1,1 and ICC3,1) whereas 

the higher MDC reported by Chiu and Pang (2017) could be a consequence of the 

combination of the lower ICCs (0.80 – 0.81) and the higher SD probably attributable to a 

more heterogeneous study sample. 

 

Four previous studies assessed reliability of individual items of the mini-BESTest (Chiu 

and Pang, 2017; Dahl and Jørgensen, 2014; Ross, Purtill, and Coote, 2016; Tsang, Liao, 
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Chung, and Pang, 2013). Every study found a wide range of reliability values for items 

(kappa (k) and w = 0.21 – 1.00), which is in line with our results (w and W = 0.35 – 

1.00). No item was consistently unreliable across studies, although 3 out of 4 studies 

reported kappa values below 0.70 for items #2 (rise to toes) and #6 (compensatory 

stepping correction – lateral). In the present study, item #6 was also among the less 

reliable items, along with the two other items from the postural response subscale 

(subscale II; test-retest ICC2,1 [95%CI] = 0.72 [0.44-0.87] and inter-rater ICC2,1 = 0.80 

[0.66-0.90]). Löfgren et al. (2014) also observed lower values for this subscale. In fact, 

rater 1 reported that getting patients to lean their body weight correctly with support into 

her hands before releasing the support was difficult, which may have introduced 

inconsistency in how the items were performed between sessions as well as between 

participants. The variability from the rater’s «performance» is, however, not the only 

source of variability because other items like «change in gait speed» and «walk with head 

turns – horizontal» showed even lower test-retest reliability (w = 0.35 and 0.44 

respectively) and require no physical action from the rater.  

 

In line with our results, item #7 (stance; eyes open, firm surface) had coefficient values 

over 0.70 in every previous study (k = 0.81 – 1.00). In our study, though, the higher 

reliability of item #7 is certainly due to its ceiling effect (everyone achieved the maximal 

score on this item). We believe that this ceiling effect on item #7 is a consequence of our 

inclusion criteria (being able to stand 30 seconds without help). This item is included in 

subscale III (sensory orientation) which, along with the other items in this subscale, 

showed the highest test-retest and inter-rater reliability coefficients (ICC, w and W > 
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0.87). Löfgren et al (2014)’s hypothesis that rating a performance based on time, as in 

items from subscale III, is easier than rating one based on qualitative characteristics is 

supported by our results. Indeed, every score based on the number of seconds holding a 

position showed acceptable levels of reliability. The static nature of these items could also 

be an explanation, because almost every item with insufficient levels of reliability involved 

dynamic postural control and belonged to subscales II (postural response) and IV 

(dynamic gait). Dahl and Jørgensen (2014) had similar findings in individuals with stroke.  

 

The reliability of individual items of the mini-BESTest was lower for the test-retest than 

for the inter-rater assessments. Indeed, 50% of the items showed insufficient test-retest 

reliability (w < 0.70) whereas every inter-rater item score was considered reliable (W > 

0.70). This was also observed for the total scores and sub-scores, albeit less than for the 

items. The fact that video-recording was used to assess the inter-rater reliability instead 

of re-testing the participants is the main explanation. Our excellent video-based reliability 

results mean that the rating scale and the rater’s clinical judgment are not responsible for 

the poor test-retest reliability results. The possibility of a learning effect causing the lower 

test-retest results is discarded due to the absence of a systematic change as shown by 

the B&A plots. The variability of the participants’ performance is also left out with the 

video-recording methodology (the exact same performance of the participant is rated). 

Knowing that performance variability in walking balance has already been demonstrated 

in individuals with a chronic SCI (Day et al, 2012) and considering that our participants 

were in a subacute phase of recovery, we believe that a great part of our test-retest 

reliability results was influenced by the participants’ variability in their performance. We 
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could not exclude the possibility that our inter-rater reliability results didn’t include the 

variability of the rater’s instructions and actions (discussed in a previous paragraph).  

However, while we have to consider that the ICCs found in this study could have been 

slightly lower if participants were re-evaluated for inter-rater reliability, our results provide 

a reference value of the measurement error of the mini-BESTest for this clientele. 

 

The choice of an adequate methodology in this study was also a challenge in terms of 

test-retest time-interval. Indeed, 24 to 48 hours was chosen as a time-interval to avoid 

changes in the participant’s condition, considering the rapid neurological recovery of 

some subacute SCI patients. This strategy was efficient because the B&A plots showed 

no systematic improvement of scores. Such a short time-interval is prone to a memory 

bias from the rater, even if our rater didn’t have access to the previous scoring sheets 

(i.e. blinded). However, we know that this possible memory bias was not important 

because the score means for session 2 (rater 1’s re-test) and rater 1’s inter-rater scoring 

(done more than one month later) were very similar (Table 2). 

 

This study has a few other limitations. First, the results can be generalized only to people 

in a subacute phase of SCI. More accurately, these results are applicable to the 

individuals able to stand 30 seconds without help. This inclusion criterion may have 

prevented the lower scores (from 0 to 6/28 points) on the mini-BESTest from being tested 

for reliability. Moreover, while the intention was to include all types of spinal cord lesions 

encountered in a rehabilitation setting, no AIS A nor AIS C and no sacral lesions were 

represented. The fact that a French version of the mini-BESTest (Lemay, Roy, Nadeau, 
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and Gagnon, 2018) was not available at the time of the evaluations is also among the 

limits of this study. Finally, the MDC is one of the several measures used to assess the 

responsiveness of an outcome measure. Further research would be interesting to 

investigate the responsiveness of the mini-BESTest in people with a SCI. 

 

 

CONCLUSION 

 

The findings in this study suggest that the mini-BESTest is a reliable outcome measure 

in individuals with SCI in a rehabilitation setting. A minimal change of 4 points on the total 

score from one session to another, or from one rater to another, is recommended to make 

sure that the change is not a measurement error (MDC).  

 

 

IMPLICATIONS FOR CLINICAL PRACTICE 

 

The MDC value recommended in this study is helpful for clinicians in their analysis of the 

change in their patients’ standing balance. Furthermore, our observations on the reliability 

of individual items of the mini-BESTest suggest that during their training, the evaluators 

may need more practice in administrating dynamic items, especially those of the postural 

response subscale (subscale II). 
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TABLES 

 

 Mean SD Range 

Age (years) 55.2 14.5 24.3 - 73.3 
Time post-surgery (days) 49.3 28.6 8 - 135 
Body mass index (kg m-2) 24.6 3.6 18.7 - 32.5 
LEMS (/50) 44.9 4.3 35 - 50 
10MWT max (m s-1) (n=21) 1.16 0.48 0.44 - 1.92 
6MWT (m) 245.0* - 175 - 440** 
BBS (/56) 50.0* - 39 - 54** 
SCIM-III (/100) 83.0* - 50 - 95** 

 N %  

Male/Female 17/6 74.0/26.0  
Language French/English 20/3 87.0/13.0  
Tetraplegia/Paraplegia 13/10 56.5/43.5  
AIS B/D  1/22 4.3/95.7  
T/NT 14/9 60.9/39.1  

 
Table 1. Demographic characteristics at the time of reliability assessments (n=23).  
LEMS = Lower extremity motor score, 10MWT max = 10-meter walking test at maximal 
speed, 6MWT = 6-minute walk test, BBS = Berg Balance Scale, SCIM-III = Spinal Cord 
Independence Measure version 3, AIS = American Spinal Injury Association Impairment 
Scale (B = Sensory incomplete spinal cord injury, D = Motor incomplete spinal cord injury; 
Kirshblum et al, 2011), T/NT = traumatic/ non-traumatic injury. 
* Median. 
** Interquartile range. 
 
 
 
 

 

Session 1 
mean (SD) 

[range] 

Session 2 
mean (SD) 

[range] 

Rater 1 
mean (SD) 

[range] 

Rater 2 
mean (SD) 

[range] 

Rater 3 
mean (SD) 

[range] 

      
Total mini-BESTest ( /28) 17.5 (5.9) 

[7-28] 
17.9 (5.7) 

[8-28] 
17.6 (5.9) 

[7-28] 
17.4 (5.8) 

[7-28] 
17.8 (6.1) 

[7-28] 

 I Anticipatory ( /6) 3.8 (1.4) 
[1-6] 

3.9 (1.5) 
[1-6] 

3.8 (1.4) 
[1-6] 

3.7 (1.3) 
[1-6] 

3.6 (1.5) 
[1-6] 

 II Postural response ( /6) 3.3 (1.9) 
[0-6] 

3.3 (1.8) 
[0-6] 

3.3 (2.2) 
[0-6] 

3.4 (2.1) 
[0-6] 

3.6 (1.5) 
[1-6] 

 III Sensory orientation ( /6) 5.0 
[5-6]* 

5.0 
[5-6]* 

5.0 
[5-6]* 

5.0 
[5-6]* 

5.0 
[5-6]* 

 IV Dynamic gait ( /10) 5.2 (3.0) 
[0-10] 

5.4 (2.7) 
[1-10] 

5.2 (2.9) 
[0-10] 

5.1 (2.8) 
[0-10] 

5.3 (3.0) 
[1-10] 
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Table 2. Mini-BESTest means of the total scores and sub-scores (n=23).  
Mean total scores and sub-scores on the mini-BESTest obtained on each session and by 
each rater. SD = standard deviation. Maximal score possible in each section and in the 
total mini-BESTest are specified following the respective title.  
*Median [interquartile range] 
 

  ICC2,1 (95%CI) SEM SEM % MDC95 MDC95% 

Test-retest reliability  0.94 (0.87-0.97) 1.40 5.0 3.83 13.7 

Inter-rater reliability 0.96 (0.91-0.98) 1.24 4.4 3.43 12.3 

 
Table 3. Reliability and minimal detectable change of the mini-BESTest total score 
(n=23).  
ICC2,1 = intraclass correlation coefficient, SEM = standard error of measurement, SEM% 
= standard error of measurement expressed in percentage of maximal score, MDC95 = 
minimal detectable change with 95% confidence level and MDC95%= minimal detectable 
change with 95% confidence level expressed in percentage of maximal score. 
 
 

Items 
Sessions 1 vs 2 

(Test-retest) 
Raters 1, 2 and 3 

(Inter-rater) 

 w (95%CI) W (p) 

1. Sit to stand 0.54 (0.18-0.90) 0.92 (<.001) 

2. Rise to toes 0.74 (0.55-0.93) 0.74 (=.001) 

3. Stand on one leg 0.86 (0.72-1.00) 0.98 (<.001) 

4. Compensatory stepping correction - forward 0.40 (-0.44-0.83) 0.92 (<.001) 

5. Compensatory stepping correction - backward 0.61 (0.37-0.85) 0.96 (<.001) 

6. Compensatory stepping correction - lateral 0.59 (0.27-0.91) 0.93 (<.001) 

7. Stance; eyes open, firm surface 100.0%* 100.0%* 

8. Stance; eyes closed, foam surface 0.87 (0.71-1.00) 0.98 (<.001) 

9. Incline eyes closed 1.00 (1.00-1.00) 1.00 (<.001) 

10. Change in speed 0.35 (-0.55-0.75) 0.86 (<.001) 

11. Walk with head turns - horizontal 0.44 (0.05-0.84) 0.83 (<.001) 

12. Walk with pivot turns 0.78 (0.60-0.97) 0.87 (<.001) 

13. Step over obstacles 0.90 (0.80-1.00) 0.93 (<.001) 

14. Timed up & go with dual task 0.50 (0.19-0.80) 0.84 (<.001) 

 
Table 4. Agreement between sessions and raters’ scores on the mini-BESTest 
(n=23). 

w = quadratic weighted Kappa statistic, 95% CI = 95% confidence interval, W = Kendall’s 
coefficient of concordance, p = statistical significance (level of significance set at 0.05).  
*Agreement expressed in percent agreement. 
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FIGURE LEGENDS 

 

Figure 1.  

Bland and Altman plots of agreement between sessions (A) and between raters (B, C, D) 

for the mini-BESTest, where d = mean difference between scores (with standard 

deviation), 1.96*SD = 95% limits of agreement, SD = standard deviation. 
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Figure 1.  
Bland and Altman plots of agreement between sessions (A) and between raters (B, C, D) 
for the mini-BESTest, where d = mean difference between scores (with standard 

deviation), 1.96*SD = 95% limits of agreement, SD = standard deviation. 
 


