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Abstract—Mini- Balance Evaluation Systems Test 

(mini-BESTest) is a newly developed functional scale which 

combines clinical balance tests already in use, with new items. 

Its easiness in utility and its ability to detect the affected system 

of balance control, make it a valuable tool for balance 

assessment. However, its unavailability in Greek language lead 

to the need for the cross-cultural adaptation of the scale into 

Greek, which is the main aim of this study. The mini-BESTest 

was adapted according to international guidelines of forward 

and backward translation by four bilingual translators and was 

piloted to 10 patients with various balance problems, and to 5 

licensed physiotherapists for its wording comprehension. The 

final Greek version (mini-BESTestGR) was tested for its 

reliability and validity on 122 patients with balance disorders 

(47 men 75 women, 67±18 years). Two raters administered the 

scale for its inter-rater reliability and twice in 10 days period for 

the test-retest reliability. Concurrent (criterion) validity of the 

scale was assessed by correlation of the scale to the Greek Berg 

Balance Scale (BBSGR). The construct (convergent) validity was 

assessed by correlation of the mini-BESTestGR with the Timed 

Up and Go test (TUG), the Functional Reach Test (FRT), and 

the Greek Falls Efficacy Scale-International (FES-IGR). The 

translation process was completed without difficulties and the 

scale was characterized as safe, simple and easy to be 

administered. It also showed excellent test-retest (ICC= .966) 

and inter-rater reliability (ICC= .997) and very strong internal 

consistency (Cronbach’s alpha= .833). Correlation with the 

BBSGR was very strong (r= .858, p<0.001), while moderate to 

strong were the correlations of the mini-BESTestGR to the TUG 

(r=-.746, p<0.001), the FRT (r=.616, p<0.001), the FES-IGR 

(r=-.527, p<0.001). In conclusion, the excellent psychometric 

properties of the mini-BESTestGR opens the way for its utility on 

Greek patients with various balance deficits. 

 

Index Terms—balance, mini-BESTest, validation, reliability.  

        

 

I. INTRODUCTION 

The mini-BESTest is a newly developed measurement tool 

that appears to be gaining ground in assessing balance [1].  

The mini-BESTest appears to prevail over other tests, as it 

measures both dynamic and static balance simultaneously, by 

incorporating new balance tasks to tests that are already found 

in other scales and by organizing them in four categories. 

These categories are relevant to the four systems of balance 
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control (preparatory adjustments, reactive posture control, 

sensory orientation and dynamic gait), thus providing the 

possibility of detecting the system of balance control that is 

affected [2]. Its phychometric properties show a valid and 

reliable mean of balance evaluation in various neurological 

conditions [3] as well as acceptable sensitivity and specificity 

for predicting fall risk in stroke [4] and Parkinson’s disease 

[5]-[7]. Compared to Berg Balance Scale which constitutes a 

popular and well established balance tool [8], the 

mini-BESTest seems to lack of a ceiling effect in patients 

with various levels of severity, indicating a better ability to 

discriminate between participants [4], [9].  

The mini-BESTest however, despite its wide applicability 

to people with various balance disorders, has a restricted 

clinical utility to foreign populations, unless a cross cultural 

adaptation of the scale is available. The mini-BESTest has 

been already adapted to Swedish [10], Portuguese [11], and 

French (www.bestest.us). The results showed strong 

correlation with the BBS and excellent reproducibility when 

it was administered by different raters and at repeated 

measures, thus indicating very good validity and reliability 

properties. The scale however, has not yet been cross 

culturally validated into Greek. The main aim therefore, of 

the present study was to officially translate and 

cross-culturally adapt the mini-BESTest into Greek.  

 

II. METHODS 

This study followed two main phases. The first phase was 

consisted of the translation process and the second, consisted 

of the psychometric evaluation of the adapted scale. The 

study was approved by the ethics review board of the 

Scientific Committee of the Technological Educational 

Institute (TEI) of Western Greece.   

 

A. Translation of the mini-BEST into Greek  

The translation of the mini-BESTest into Greek was 

conducted according to international guidelines suggested by 

Sousa and Rojjanasrirat [12] and following permission by Dr. 

Horak.  

The translation process consisted of five stages. In stage I, 

the mini-BESTest was translated from English into Greek 

(forward) by two independent bilingual translators who were 

native Greek speakers. In stage II, the two forward 

translations were synthesized to produce the first consensus 

Greek version of the mini-BESTest. In stage III, this synthesis 

version was translated back into English by two bilingual 

independent translators who were English native speakers 

and blinded to the original English instrument. In stage IV, a 
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second synthesis of the backward translations was undertaken, 

to produce the pre-final Greek version of the mini-BESTest. 

Finally, in stage V, the pre-final version was piloted to 5 

licensed physiotherapists and 10 patients with balance 

impairments, to test comprehension of the translation. All 

participants find the translated scale clear, with no difficulty 

in the meaning of the scale’s items and their instructions. 

Accordingly, no further changes had to be made to the 

wording of the translation, and the final Greek version of the 

mini-BESTest was concluded (mini-BESTestGR) (Appendix 

1).   

The two translators, at the stage of forward or backward 

translation, consisted of one health professional knowing the 

balance concept and one professional translator with a deep 

knowledge of the cultural and linguistic nuances of the target 

language but unaware of the content of the mini-BESTest. 

Instructions for conceptual rather than literal translation were 

given to all translators.  

During the whole process of translation, a committee 

consisted of the translators and the principal investigator of 

the study received guidance by the instructors of the original 

instrument, to resolve discrepancies or ambiguities and 

improve the final version of the scale.  

 

B. Psychometric Testing of the mini-BESTestGR 

Sample: Greek ambulant patients with balance 

impairments and with no cognitive problems, from four main 

cities of mainland Greece (Athens, Patras, Aigio, Korinthos) 

were invited to voluntarily participate in the study by signing 

an informed consent form. Participants were recruited during 

the period from June 2012 to November 2014. Participants 

with cognitive impairments having problems with the 

apprehension of the scale commands, non ambulatory 

participants who would be unable to complete most of the 

balance tasks, those at an acute stage of any disease (i.e. acute 

stroke) with an unstable health condition between repeated 

measures for reliability assessment, children and pregnant 

women were excluded from the study.  

Outcome Measures: The final Greek version of the 

mini-BESTest (mini-BESTestGR) was correlated with the 

Greek version of the Berg Balance Scale (BBSGR), the 

Functional Reach Test (FRT), the Timed Up and Go test 

(TUG) and the Greek version of the Falls Efficacy 

Scale-International (FES-IGR) questionnaire. The BBS was 

chosen as the most widely used balance tool with established 

psychometric characteristics [13], [14], available in Greek 

[15], and thus appropriate for testing the criterion validity. It 

consists of dynamic balance tasks similarly to the  

mini-BESTest and it is an easily administered assessment 

tool. The Timed Up and Go Test (TUG) and the Functional 

Reach Test (FRT) are of the most frequently used in clinical 

and research settings, as they are simple balance tests which 

are chosen due to their very good reliability and their ability 

to predict falls respectively [16]-[18]. The Falls Efficacy 

Scale-International (FES-I) questionnaire [19] was used as a 

means of self-reported balance by the participants. Its 

excellent psychometric characteristics in exploring the fear of 

fall in everyday living activities and its availability in the 

Greek language [20] made it appropriate for assessing 

convergent validity of the mini-BESTestGR.  

Procedure: All measurements were administered to 

outpatients settings (i.e. patient’s homes). Documenting the 

demographic characteristics, and completing the FES-IGR,  

constituted the initial part of the assessment. The functional 

balance tests (BBSGR, mini-BESTestGR, TUG, FRT) were 

then undertaken. After completion of the BBSGR, a 10minutes 

break was taken before the administration of the 

mini-BESTestGR, to eliminate fatigue caused by the tasks. 

Patients had been advised in advance to wear comfortable 

clothes and flat shoes. Similarly to other studies, all 

measurements were repeated 7-10 days after the first testing, 

in order to assess the test-retest reliability while two 

independent raters (physiotherapists) scored the patients to 

assess the inter-rater reliability [10], [11], [20]. To assess the 

criterion validity, the mini-BESTestGR was correlated with 

the BBSGR previously assessed as having very good 

(construct) validity with Greek imbalanced patients [15]. To 

assess the construct validity (specifically the convergent 

validity), the scale should agree with the ratings selected 

independently by other measurement scales that are related to 

the construct that it is measured [21]. Thus, the 

mini-BESTestGR was correlated with other balance tests such 

as the TUG, the FRT, and the FES-IGR questionnaire. Ceiling 

and floor effects of the mini-BESTestGR were examined to 

assure good scores discrimination between patients with 

various levels of severity [4].  

Data Analysis: Criterion and construct validity were 

investigated by using Spearman’s correlation coefficient (rs) 

with values between 0.0-0.25 as little if any association, 

0.26-0.49 low association, 0.50-0.69 moderate association, 

0.70-0.89 high association and 0.90-1.00 very high 

association [22]. Relative reliability was assessed by 

computing the consistency of the two measurements using 

Intraclass Correlation Coefficient (ICC2,2) where values 

<0.5 indicate poor reliability, 0.51-0.75 moderate to good 

reliability and >0.75 excellent reliability  [23]. The internal 

consistency reliability was measured with the Cronbach's 

alpha coefficient with accepted value of 0.70, values between 

0.70 and 0.80 to demonstrate good internal consistency and 

values above 0.80 to indicate very good internal consistency 

[22]. Ceiling and floor effects were considered as percentage 

score of more than 20% of the participants at the highest and 

lowest score, accordingly. Skewness of scores distribution, as 

further estimator of ceiling & floor effect, was presented at 

total scores [4]. All data were presented as mean ± standard 

deviation (mean±SD), and statistical significance was set at 

p≤0.05. Statistical analysis was performed with SPSS 

(version 24.0, SPSS for Windows, Chicago, SPSS Inc).  

 

III. RESULTS 

A. Sample characteristics 

A group of one hundred and twenty two patients (47 men, 

75 women, age 67±18 years) with balance impairments 

voluntarily participated in the study. Demographic data of the 

sample as well as the mean score of the mini-BESTestGR 

according to gender, and etiology of balance deficit are 
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presented in Table 1. 

B. Reliability 

Inter-rater reliability (ICC=.997, 95% Confidence Interval 

(CI) .996 to .998) and test-retest reliability (ICC=.996, 95% 

CI .951 to .976) were both excellent for total score. Inter-rater 

reliability for each item ranged from ICC=.585 to ICC=.997, 

while test-retest reliability for each item ranged from 

ICC=.811 to ICC=.924 (Table 2). Internal consistency of the 

14 items of the scale was high (Chronbach’s a=.883).  

 

 

C. Validity 

The mini-BESTestGR was significantly and positively 

correlated with the BBSGR (r=.858, p<.001) (Fig. 1a) and with 

the FRT (r=.616, p<.001) (Fig. 1b), whereas negative 

correlations were yielded with the TUG test (r=.-746, p<.001) 

(Fig. 2a) and the FES-IGR questionnaire (r=-.527, p<.001) 

(Fig. 2b) indicating good validity properties. 

 

 

D. Ceiling & Floor Effects 

Three percent of the participants (14/122) scored the best 

score (28/28), while 1% (1/122) showed the lowest possible 

score (0/28) on mini-BESTestGR. The distribution of the 

scores showed minor negative skewness (-0.612). 

Comparison of ceiling and floor effects with the other balance 

scales are showed in Table 3.   

 

 

 

Table 1: Demographic characteristics of the sample 

(n=122) 
 

Characteristics Percentage     

(number) 

Mean 

Score±SD 

(range) 

Sex 

    Male 

    Female  

Condition causing Balance 

Impairment 

    Imbalance (age related) 

    Musculoskeletal 

    Stroke 

    Multiple Sclerosis 

    Parkinson 

    Traumatic Brain Injury 

    Cerebellum                                            

inflammation   

    Blindness 

    Cerebrum inflammation 

    Hydrocephalus 

    Drop Foot  

    Chorea Huntington 

  

39% (47) 

61% (75) 

 

 

38% (46) 

18% (22) 

17% (21) 

7%   (9) 

7%   (9) 

3%   (4) 

 

3%   (3) 

3%   (3) 

2%   (2) 

1%   (1) 

1%   (1) 

1%   (1) 

 

18± 7 (2 - 28) 

18± 6 (0 - 28) 

 

 

19±5 (8-28) 

16±5 (3-24) 

17±8 (0-27) 

19±5 (12-56) 

15±4 (8-20) 

23±7 (13-27) 

 

8±10 (1-19) 

18±6 (11-23) 

23±7 (18-28) 

24±0 (24-24) 

26±0 (26-26) 

16±0 (16-16)  

 

Table 2: Inter-rater and test-retest reliability analysis for 

each of the 14 items of the mini-BESTestGR (n=122). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*p<0.001 

    Intraclass Correlation Coefficient 

Item      Inter-rater     Test-retest 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

0.979* 

0.990* 

0.979* 

0.994* 

0.990* 

0.997* 

0.974* 

0.996* 

0.997* 

0.934* 

0.941* 

0.585* 

0.987* 

0.996* 

0.896* 

0.811* 

0.924* 

0.841* 

0.882* 

0.828* 

0.873* 

0.865* 

0.941* 

0.857* 

0.842* 

0.886* 

0.882* 

0.846* 

 

 

 

 

 

 

 
a)  

 
b)   
Figure 1: Correlation of total scores of the Greek 

mini-BESTest (mini-BESTestGR) with a) the Greek Berg 

Balance Scale (BBSGR), and b) the Functional Reach Test 

(FRT) (n=122).  
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a)  

b)   
Figure 2: Correlation of total scores of the Greek 

mini-BESTest (mini-BESTestGR) with a) the Timed Up & 

Go (TUG) test and b) the Greek Falls Efficacy 

Scale-International (FES-IGR) (n=122). 

 

 
 

 

Table 3: Comparison of floor, ceiling effects and 

skewness among the Greek mini-Balance Evaluation 

Systems Test (mini-BESTestGR), the Greek Berg Balance 

Scale (BBSGR), the Timed Up & Go (TUG) test, the 

Functional Reach Test (FRT) and the Greek Falls 

Efficacy Scale International (FES-IGR) (n=122).   

*Not applicable 

Measurement 

Outcome 

Mean  

Score 

±SD 

Skewness Floor Effect  

(% of participants 

with lowest score)  

(n of patients) 

Ceiling Effect  

(% of participants with 

highest score)  

(n of patients) 

Mini-

BESTestGR 

BBSGR 

TUG 

FRT 

FES-IGR 

 

18±6 

48±8 

16±9 

20±7 

33±12 

 

-0.612 

-2.102 

  2.865 

  0.228 

  0.748 

 

1% (1) (score 0/28) 

1% (1) (score 6/56) 

_* 

2% (2) (score 6cm) 

5% (6) (score 16/64) 

 

3% (4) (score 28/28) 

8% (10) (score 56/56) 

_* 

_* 

2% (2) (score 64/64) 

 
 

 

 

IV. DISCUSSION 

This study aimed to cross culturally adapt and validate the 

mini-BESTest into Greek for patients with various balance 

impairments. The translation process was completed without 

any difficulties and all items and instructions were considered 

as clear and comprehensible by physiotherapists and patients. 

Thus the final Greek version of the mini-BESTest has been 

undertaken a full psychometric testing.  

The first results of the psychometric properties testing of 

the mini-BESTestGR for people with various balance deficits 

showed that the mini-BESTestGR has excellent inter-rater and 

test-retest reliability and good validity properties.  

Its ability in giving stable results over time and between 

raters is also been reported by other cultural adaptation 

studies [11] thus arguing towards a clinically reproducible 

tool for balance assessment. Excellent reliability correlations 

were not only revealed in the total scores of the scale but also 

in the scores of every item. Other translation studies have not 

tested the reliability of each item over time and between 

raters, however, the values found in our study are close 

enough to those reported for the English original scale [24]. 

The high internal consistency of the mini-BESTestGR 

indicates the homogeneity of the scale and is in line with the 

study of Löfgren et al. [25] which tested the consistency of 

the scale in patients with Parkinson disease.  

The mini-BESTestGR also showed high criterion validity 

when it was correlated with the BBSGR the most widely used 

balance scale. These results come in agreement with a 

plethora of validation studies in various neurological 

conditions such as in Parkinson disease [6] and or in stroke 

[4], [10] proving that the mini-BESTestGR is assessing 

balance as it was initially constructed. A moderate to high 

convergence validity of the mini-BESTestGR which was 

revealed following correlation with TUG, FRT and FES-I 

scales prove the construct validity of the scale. The moderate 

correlation of the mini-BESTestGR with the FES-IGR 

questionnaire, may be expected due to the subjected way that 

the FES-I assesses balance, while the mini-BESTestGR 

assesses balance objectively, via tasks performance.   

The mini-BESTestGR did not present any ceiling or floor 

effects. Indeed, it showed less skewness compared to the 

BBSGR which becomes a common outcome in all studies 

which compare the two scales [4], [11], [15]. These results 

prove that the mini-BESTest has better ability to distinguish 

different levels of balance performance compared to BBS. 

This may be explained by the more demanding tasks that the 

mini-BEST has, hence avoiding the cluster of scores at high 

levels of the continuum. 

Overall, the results showed very good psychometric 

characteristics of the scale when it was administered to 

ambulant patients with balance impairments. The sample 

recruitment from four of the biggest cities of the Greek 

mainland gave the advantage of a wide representation of the 

Greek imbalanced population, however, the absence of 

randomized criteria for sampling could be a limitation of the 

present study. An argument could also be made against the 

variety of the balance conditions included in the present 

study, and a suggestion of more homogeneous sample 

conditions could be made, although this variety of balance 

deficits was chosen in order to apply the validation process to 

a wider range of abnormalities.  

The present study has many and important clinical 

implications. This is the first study to perform a complete 

official cross cultural adaptation of the newly developed scale 

of mini-BESTest into Greek. This gives the great advantage 

to the Greek clinical environment, to have available in Greek 

language one of the most reliable and valid tools of balance 

assessment. Its superiority to other tools lies in that it offers 

the advantage of detecting the exact system of balance control 

that is affected thus leading to case specific treatments. 

Further research on assessing the ability of the 

mini-BESTestGr in detecting changes following treatment 
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would be of great value for the clinical utility of the scale.  

 

V. CONCLUSIONS 

In conclusion, the translation process led to a final Greek 

version of the mini-BESTest that was characterized by 

patients and raters as clear, and comprehensible. The 

mini-BESTestGR is now available for use through this article 

(Appendix 1) and on the official BESTest site 

(www.bestest.us). Furthermore, the psychometric testing on 

patients with various balance impairments, revealed it as a 

tool with excellent test-retest and intra-rater reliability as well 

as good criterion and convergent validity. Thus, the 

mini-BESTestGR can now be applied to Greek adult patients 

with balance deficits. Further research on specific 

neurological conditions and in combination with a 

rehabilitation program would be beneficial to define the 

responsiveness and the minimal and clinically important 

difference of the scale for each disease.   
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APPENDIX 

Appendix 1: Greek final version of the mini-Balance 

Evaluation Systems Test.  
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