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Abstract

Background. Mini- Balance Evaluation Systems Test (mini-BESTest) is a
comprehensive functional scale for assessing dynamic and static balance.
Yet, no prescribed Arabic version of the mini-BESTest is available.
Objectives: This study aimed to translate the mini-BESTest to Arabic,
adapt it, and investigate its psychometric properties in patients with
neurological balance disorders.

Design. A cross-sectional and psychometric testing study.

Methods. Mini-BESTest was translated and culturally adapted according
to the established guidelines, to then obtain face and content validity by an
expert committee. The psychometric properties of the Arabic version of the
scale (mini-BESTest-Ar) were investigated on 56 participants aged 18-71
years. Construct validity was explored by correlating the Arabic Berg
Balance Scale (A-BBS) and Arabic Dynamic Gait Index (A-DGI) with
mini-BESTest-Ar. The relative reliability (test-retest reliability and
internal consistency) and absolute reliability [standard error of
measurement (SEM), minimal detectable change (MDCg and MDC%),
and limit of agreement (LOA)] were estimated. The responsiveness and
accuracy of the test was investigated using receiver operating characteristic
curve. The floor and ceiling effects were also measured.

Results. The mini-BESTest total and sub-scale scores correlated

significantly and positively with A-BBS (r= 0.80-0.62) and A-DGI



(rho=0.79-0.38). The internal consistency and test-retest reliability of the
total score and sub-scale scores were excellent (a ranged 0.96-0.81 and
ICC=0.95-0.81, r= 0.92-0.68). The SEM, MDCgys, MDC% and LOA for
total and subscale scores between baseline and 7-10 days later were (1.19
-0.31), (3.29-0.86), (16.5%-66.8%) and (-5.74-3.53) respectively. The area
under the curve was 0.85. The sensitivity and specificity were 75% at cut-
off score of 21.5. No floor or ceiling effects were found for total score, but
ceiling effects were found in two subscales.

Conclusion. The mini-BESTest-Ar has appropriate face and content
validity and psychometric properties. It can be used for research and
clinical purposes to assess imbalance in patients with neurological
disorders

Key words.

Balance, Mini-BESTest, Psychometric properties, Neurological balance

disorders.



Table of contents

LiSt Of tabIES. ..o I
LAST OF FIQUIES ... ]
List Of @bDreVIatioNns .........cccoiviiieiiece e i
CRAPLEE L. s
8 0o [T 1 o o ISR
CRAPLEE ... 1
B 101 oo [T 1 T o RS 1
1.2 Research QUESLIONS..........ccovieiiie e 4
1.3 Significance of the StUdY.........cccceveiiicii 4
1.4 PUrposes of the StUAY ..o 6
1.5 HYPOTNESES ... 6
1.6 Definition Of TEIMS .....coiiiiie e 7
(@4 T T 0] (=] ol 1 PSSR OSSPRSP
LIterature REVIEW .......cccieiiiiiii ettt
2.1 BalANCE ... 9

2.1.1 Balance OUtCOME MEASUIES ......ceevvveireeieerieesieesiee e eeeeseeesree e 10

2.1.2 The Balance Evaluation Systems Test (BESTest) ................ 12



2.1.3. Mini- Balance Evaluation Systems Test (mini-BESTest)...13

2.1.4 Translation and testing the psychometric properties of mini-

BESTEST ..ot e 14

2.2 SUMIMATY ..ottt ettt ettt et e et e e nbb e e sneeesnees 24
(O T 0] (=] ol 1 1 S PRSPPSO
Subjects and Methods...........ccooiviiii e
3L, SAMPIC ... 25
Sample Size estimation.........cccvvvieiie i 25
INCIUSTON CHITEIIA. ...c.viiieiieie e e 26
EXCIUSION CHITEIIA ... coviiiieie e 26
3.1.1 Ethical Consideration and Consent...........cccoccvvvvevvereeinennnnnn, 27
3.1.2 Sampling Method ... 27
3.2 Procedure of the Study..........cccceeiiiiiiiici e 27
3.2.1 STUAY DESIGN....cciieiiiiiie et 27
3.2.2 Materials and measurement to0IS ..........cccvvevvereneenesienieennn, 27
3.2.3 Protocol of data collection............cccevceevievieiie e, 31
3.2.3.1 Data Collection Period .........cccccovevviiieiiieiii e, 31

3.2.3.2 Participants RECrUITMENT..........ccccceveiierenieese e 31



3.3.1 PrOCEAUIE. ...ttt ettt 31
3.3.1.1 Translation and cross-cultural adaptation ........................ 31

3.3.1.2 Testing the psychometric properties of the mini-BESTest -

A e ————— 33
3.3 Data analySiS.......ccocvieiieiie e e 34
CRAPLEN TV ..
RESUITS ... et beere e
4.1 Participants’ characteristics ................cccccviiiinii i, 40
4.2 Translation and cross-cultural phase .........c.ccccevevieiie v, 42
4.3 PSychometric Properties........coccvviiiiie i 42
CRAPLEN V e
D o111 o] RSP ORR
CRAPLEN V..o
Summary, Conclusion and Recommendations ............ccccccevveeieereesinenn,
SUMMIATY .ttt e et e e st e e e s nse e e e snbe e e s nneeeeenes 62
(©0] 0 10] 1157 o] o [0S OUURSRRPRPR 67
RECOMMENAATIONS .....ccveiiiieie e 67
(@4 gF= 10 (1 gV A 1 SO PRSRPRSRRR

R (=) =] 6= TR



(O T o] 1=] gAY 1 1 S PSPPSR

APPENAICES ..ot aae s
APPENAIX 8.1 i 81
APPENAIX 8.2: .. i 83
APPENIX 8.3 .. 85
APPENAIX 8.4 et 86
APPENAIX 8.5 e 87
APPENAIX 8.6: ...t 96
APPENAIX 8.7 ettt 99
APPENAIX 8.8:.... et 103
APPENAIX 8.9: L. e 104

P AN = Lo T 1oAY 0 Y £ = (o3 A 08



List of tables

Table 1. Mini-BESTest items under each system category 14
Table 2. Literature review of the psychometric properties of Mini-
BESTest Studies 17
Table 3. Participants’ characteristics (n=56) 41
Table 4. Evaluation of I-CVIs with expert's agreement, scales’ items 43
Table 5. Evaluation of I-CVIs with expert's agreement, scales’
instructions 44
Table 6. Construct validity 46
Table 7. Internal consistency, test—retest reliability, and floor and ceiling
effects for the mini-BESTest-Ar (total and domains) 47
Table 8. Standard error and minimal detectable change for mini-BESTest

-Ar 48



List of figures

Figure 1. Steps of translation and cross-cultural adaption. 33
Figure 2. Graphical representation of discrepancies between test 1 and
test 2 using the Bland-Altman technique. 49
Figure 3. Receiver operating characteristic curve for mini-BESTest-Ar.

50



List of abbreviations

ABC Activities- specific Balance confidence Scale
AUC Area under the curve

BBS Berg Balance Scale

BESTest Balance Evaluation Systems Test

BOS Base of Support

COG Center of Gravity

CMT Charcot-Marrie-Tooth

CVI Content validity index

DM1 Myotonic Dystrophy type 1

FRT Functional Reach Test

GBS Gullian Barre Syndrome

GROC Global Rating for Change

K* Modified Kappa coefficient

LOA Limit of agreement

ICF International classification of Functions and Disability

Mini-BESTest Mini- Balance Evaluation Systems Test

MS Multiple Sclerosis
MDCgs Minimal detectable change
OLS One leg stand

PD Parkinson’s disease



rho
ROC
SCI
SD
SEM
TBI
TUG

Pearson correlation

Spearman correlation

Receiver operating characteristics
Spinal cord injury

Standard deviation

Standard error of measurements
Traumatic brain injury

Timed up and go



Chapter |
Introduction



Introduction 1

Chapter |

Introduction
1.1 Introduction

Balance is an essential part in everyday movement and activity
(Hamre et al., 2017). It is defined as the ability to maintain the center of
gravity (COG) within the base of support (BOS) under dynamic and static
situations. Balance or postural control is very complex and influenced by
vestibular, visual, somatosensory, biomechanical, nervous, and cognitive
systems which are affected by numerous types of disorders (Maia et al.,
2013). Meanwhile, balance dysfunctions are prevalent with orthopedic
disorders, vestibular deficits, neurological diseases, and with elderly
people (Pollock et al., 2000; Maia et al., 2013; Sibley et al., 2013).
Accordingly, balance evaluation is a critical part of physical therapy
(Bergstrom et al., 2012).

Numbers of balance assessment tools have been used to detect the
balance dysfunctions such as timed up and go (TUG) test, one leg stance
(OLS) test, berg balance scale (BBS), activities-specific balance
confidence scale (ABC), dynamic gait index (DGI), and functional reach
test (FRT) (Tsang et al., 2013; Oyama et al., 2018).

The previously mentioned outcome measures are focused to assess the

balance deficits and to predict the risk of falling. TUG test, FRT, and OLS
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test are single task tests that are unable to give a comprehensive balance
information and to identify which system impairment causes the imbalance
(Tsang et al., 2013). In addition, BBS lacks for an important domains for
dynamic balance control during activities of daily living that reflect
balance challenges such as standing on inclined surface, reacting to
postural disturbances, and performance of cognitive task while walking
(Franchignoni et al., 2010).

As a result, the need for assessment tool that detect the cause of
balance defect and guide the physical therapy intervention is essential
(Bergstrom et al., 2012). Consequently, Horak et al., 2009 developed a
clinical balance test, Balance Evaluation Systems Test (BESTest), to
differentiate postural control into six underlying subsystems to detect
balance impairment and identify the underlying system at fault. (Horak et
al., 2009; Franchignoni et al., 2010). The BESTest is a performance based
and is classified as a body function and activity instrument according to
international classification of functioning and disability framework (ICF)
domains (Cathy, 2014).

Because the test is slightly extensive, its use in clinical settings may
be limited (Bergstrom et al., 2012). Hence, a short version, mini- Balance
Evaluation Systems Test (mini-BESTest) was established by removing
redundant and unresponsive items from the BESTest. It contains four

subsystems (anticipatory postural adjustments, postural response, sensory
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orientation, and balance during gait) with 14 items and thought to measure
dynamic balance (Franchignoni et al., 2010).

Dissimilar to other balance assessment tools, the mini-BESTest also
measures postural responses and stability in gait and may provide a more
comprehensive examination of postural control for subjects with
neurological disorders. In addition, many studies reported the ability of
mini-BESTest to predict the falling for a wide range of populations with
different types of pathology (Lemay et al., 2019).

Mini-BESTest has shown to have good to high test-retest reliability,
inter-rater reliability, and correlation with BBS. Moreover, ceiling effect
has not been reported for the mini-BESTest (Godi et al., 2013).
Accordingly, mini-BESTest has earned acceptance as balance assessment
tool for both clinical and research purposes (Sofia et al., 2016; Lemay et
al., 2019).

Mini-BESTest has been translated and transculturally adapted to
many languages (Bergstrom et al., 2012; Maia et al., 2013; Sofia et al.,
2016; Goljar et al., 2017; Hamre et al., 2017; Oyama et al., 2018; Lemay
etal., 2019; Bustamante-Contreras et al., 2020; Naghdi et al., 2020; Cramer
et al., 2020), and its psychometric properties remain excellent. However,
the test has not been translated and cross-culturally adapted to Arabic
language yet despite its large applicability and high psychometric

properties
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1.2 Research Questions

1. Is the Arabic version of mini-BESTest (mini-BESTest-Ar)
transculturally appropriate?

2. Is the mini-BESTest-Ar valid (construct validity)?

3. Does the mini-BESTest-Ar achieve relative reliability (test-retest
reliability and internal consistency)?

4. Does the mini-BESTest-Ar achieve absolute reliability
(measurement of error (SEM), minimal detectable of change
(MDCgys and MDC%), and limits of agreement (LOA) between the
mini-BESTest-Ar scores at baseline and the subsequent
administration)?

5. Does the mini-BESTest-Ar represent floor and ceiling effects?

6. Is the mini-BESTest-Ar sensitive and accurate to detect the changes
of balance?

to be used with patients with neurological balance disorders.
1.3 Significance of the study

Most of the common tools that assess patient's balance are developed
in English language. However, for healthcare workers and therapists who
are not native English speakers, translating these tools into other languages
is needed to effectively use these tools while maintaining their validity and

reliability.
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Across the world, Arabic is the native language of between 186-323
million people and it is the 11" most spoken language in the Unit

States (Alghwiri et al., 2016). There are a few tools that have been
translated to Arabic, such as BBS (El-Gilany et al., 2012), ABC (Alghwiri
et al., 2016), fall efficacy scale-international (FES-I1) (Halaweh et al.,
2016), and DGI (Alghwiri, 2014).

While a majority of Arabic speaking physical and occupational
therapists have a basic understanding of written English, it is necessary to
translate the mini-BESTest into the Arabic language to maximize its
validity and reliability and unify the language of this assessment tool. On
the other hand, the absence of an Arabic version may limit the use of the
test in clinical and research settings.

Meanwhile, a comprehensive balance assessment tool is needed to
identify which system contributes to the imbalance in patients with
different disorders with various levels of severity and to guide the decision-

making process.
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1.4 Purposes of the study

1.

Translate and cross-culturally adapt the mini-BESTest to Arabic
language.

Investigate the construct validity of the of mini-BESTest-Ar.
Investigate the relative test-retest reliability and internal consistency
of mini-BESTest-Ar.

Investigate the absolute reliability (measurement of error, MDCgs.
MDC%, and LOA between the mini-BESTest-Ar scores at baseline
and the subsequent administration).

Examine the floor and ceiling effects.

Examine the responsiveness, accuracy, and sensitivity to change for

mini-BESTest-Ar.

as a measure of balance in patients with neurological balance disorders.

1.5 Hypotheses

1.

The mini-BESTest-Ar is culturally appropriate and represents good
face and content validity.

Using the hypothesis testing method, the construct validity was
predicted by a moderate to high positive correlation (>0.5) between
the mini-BESTest-Ar total score, its domains (anticipatory, sensory
orientation, reactive postural control, and dynamic gait) and both A-

BBS and DGI total scores (10 hypotheses). We also hypothesized
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that if 75% to 90% of the 10 hypotheses mentioned above were
confirmed, the construct validity would be good.

3. The mini-BESTest-Ar represents good to excellent relative test-
retest reliability and internal consistency.

4. The mini-BESTest-Ar shows proper measurement of error, MDCogs,
acceptable MDC%, and proper LOA with no proportional error.

5. The mini-BESTest-Ar has no floor and ceiling effects.

6. The mini-BESTest-Ar would have a moderate accuracy with the
area under the curve (AUC) of 0.70 or higher.

as a measure of balance in patients with neurological balance disorders.

1.6 Definition of terms

Content validity: The degree to which items of a measurement tool
reflects the targeted construct (Mokkink et al., 2010).

Construct validity: The extent of a measurement tool to measure the
construct to be measured (Mokkink et al., 2010).

Internal consistency: The extent of the interrelatedness between the items
(Mokkink et al., 2010).

Responsiveness: The ability of a measurement tool to detect changes over
time in the targeted construct (Mokkink et al., 2010).

Absolute reliability: The extent to which the tool is free from

measurement errors (Mokkink et al., 2010).
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Relative reliability: The extent of the association of repeated
measurements by calculating correlation between repeated measures
(Mokkink et al., 2010).

Anticipatory postural adjustments: An active motion of the body’s
center of gravity in anticipation of postural change from position to another
(Horak et al., 2009).

Postural response: An external disturbance induced by the rater’s hands
using push and release technique (Horak et al., 2009).

Sensory orientation: Alteration of visual or somatosensory information to
notice any increase in body sway during standing (Horak et al., 2009).
Stability in gait: Evaluation of balance during gait and when balance is

challenged by different gait alterations (Horak et al., 2009).
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Chapter 11

Literature Review

In this chapter, the definition of balance as well as its objective
measures especially mini-BESTest were explained. Furthermore, the
psychometric properties of mini-BESTest were discussed. In addition, this
chapter included an extensive review of the previous studies focused on
translation, cross-cultural adaptation and testing the psychometric
properties of mini-BESTest.
2.1 Balance

Balance is a popular term used across the health care professionals
with different clinical specialties. It is defined as the ability to maintain the
COG within the BOS under dynamic and static situations. Balance is a
prerequisite of a numerous of postures and activities during the day
(Cramer et al., 2020). Take into consideration that balance is no longer one
system or a group of righting and equilibrium reflexes. In fact, the balance
control results from interacting of many physiological systems and the
understanding of these systems is critical for establishing effective
assessment and rehabilitation of balance dysfunctions (Horak, 2006).
Those systems are: vestibular, visual, somatosensory, biomechanical,

nervous and, cognitive systems (Maia et al., 2013).
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Due to different interacting systems regulating balance, balance
impairment could be caused by any fault in those systems and known as
one of the most popular disorders treated by physical therapist ( Horak et
al., 2009). The impairment may come with orthopedic disorders, vestibular
deficits, neurological diseases and with elderly people. Meanwhile,
neurological disorders such as stroke (Tsang et al., 2013; Winairuk et al.,
2019), multiple sclerosis (MS) (Sofia et al., 2016), Parkinson's disease
(PD) (Bergstrom et al., 2012; Maia et al., 2013), traumatic brain (TBI), and
spinal cord injuries (SCI) (Sofia et al., 2016; Roy et al., 2021) were known
to cause balance problems. Therefore, the use of balance assessment tool
Is crucial, to effectively assess patients and organizing a rehabilitation
program to improve balance for those patients (Lampropoulou et al., 2019).
2.1.1 Balance outcome measures

The evaluation of balance is usually done through using outcome
measures such as BBS which contains 14 items to measure balance and is
commonly used as gold standard for balance assessment. Unfortunately,
BBS cannot identify which system is in fault and causes balance disorder
and that it lacks important dynamic aspects (Winairuk et al., 2019). Also,
BBS has been shown a significant floor and ceiling effects (Oyama et al.,

2018).
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TUG test is a quick assessment of mobility for patients going through
neurological rehabilitation (Bergstrom et al., 2012) it is considered as
single-task assessment and cannot determine which system impairment
caused the imbalance. Moreover, TUG test and BBS were found to have
limited ability to estimate falls in individuals with stroke (Tsang et al.,
2013).

DGI is an 8-items scale used to assess risk of fall and person's
functional stability (Alghwiri, 2014). However, it does not contain static
balance tests, tasks to evaluate the change of posture, and correction
activities (Miqgdad et al., 2017).

FRT is a simple balance test that examine the limit of stability during
standing (Oyama et al., 2018). It is known as a single-task assessment tool
and it has a significant floor and ceiling effect (Tsang et al., 2013).

ABC is self-reported, popular, valid, and reliable tool in assessing
balance confidence, it’s consisting of 16 items with global score ranged
from O to 100 with higher score indicating higher balance confidence
(Alghwiri et al., 2016).

Subsequently, a comprehensive assessment tool is needed to
examine the patients' balance and to identify the systems disorders that lead

to the imbalance.
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2.1.2 The Balance Evaluation Systems Test (BESTest)

BESTest is a balance assessment tool that was developed by(Horak
et al., 2009), the tool was assessed on 22 participants, from both gender,
aged from 50 up to 80 years old. It was applied on patients with PD,
vestibular dysfunctions, peripheral neuropathy, and healthy subjects. For
validity it was correlated with ABC test and as a result the test shown
excellent reliability and very good validity. This test was designed to detect
the underlying impairment and to identify which system contribute to the
imbalance. The test is a performance based and classified as a body
function and activity instrument in ICF domains (Cathy, 2014).

BESTest contains a 36-items to determine specific balance problem
according to 6 subsystems that may restrict balance which are:
biomechanical, stability limits, postural response, sensory orientation,
anticipatory postural adjustment, dynamic balance during gait, and
cognitive effect (Tsang et al., 2013). The BESTest was superior over other
balance measurement tools in individuals with stroke because it does not
show floor and ceiling effects (Winairuk et al., 2019). Unfortunately, the
test application time is from 30 to 35 min which constraint its feasibility to

clinical setting (Oyama et al., 2018).
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2.1.3. Mini- Balance Evaluation Systems Test (mini-BESTest)

For the limited practicality of the BESTest, a short version was
developed to shorten the time of application to 15-20 min. This version
deletes two domains from the original version using Rasch model and
factorial analysis, 115 participants with different balance disorders and
from both gender with mean age of 62.7 were participating in the study.
The results shown that, the new mini-BESTest offers a unique, brief
clinical rating scale for dynamic balance that has excellent psychometric
characteristic (Franchignoni et al., 2010). The remaining domains are:
anticipatory postural adjustments, postural response, sensory orientation,
and gait stability (Winairuk et al., 2019). Those systems provide the
possibility of identifying the affected balance system. The items of each
system category are shown in table 1. The test contains 14-items which
already found in other tests BBS-TUG-DGI (Sofia et al., 2016).

Each item rated on a 3-level ordinal scale ranging from 0 which
states (severe balance impairment) to 2 which states (no balance
impairment) with 28 as a global test score, while a higher score indicates
better balance (Oyama et al., 2018). The required equipment are: standard
chair with arm sets, stopwatch, two shoes boxes, an inclined surface (10°),

and a 10-cm-thick temper foam (Bergstrom et al., 2012).
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Table 1. Mini-BESTest items under each system category

14

I.  Anticipatory ii. Postural iii.  Sensory iv. Stability in
postural adjustment responses orientation gait
1.Sit to stand 4.Compensatory 7.Stance on firm 10.Change in gait

stepping correction-
forward

surfaces, eyes open

Speed

2.Rise to toes

5.Compensatory
stepping correction-
backward

8.Stance on foam,
eyes closed

11.Walk with head
turns, horizontal

3.(a) Stand on one leg- right

leg

6.(a) Compensatory
Stepping correction-
lateral (right side)

9.Stance on incline,
eyes closed

12.Walk with pivot
turns

3.(b) Stand on one leg-left leg

6.(b) Compensatory
stepping correction-
lateral (left side)

13.Step over obstacles

14.TUG with
without dual tasks

and

(Bergstrom et al., 2012)

2.1.4 Translation and testing the psychometric properties of mini-

BESTest

As shown in table 2, the test psychometric properties revealed that

the test is valid and reliable to be used with different neurological disorders

(Maia et al.,, 2013).

It comprehensively provides a neurological

examination for those patients. The content validity of mini-BESTest was

investigated only in the Spanish version using Scale content validity index

(S-CVI) with a value of 0.98 which is considered as acceptable

(Bustamante-Contreras et al., 2020).
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In term of construct validity, low to very high correlations (ranged
from r=0.18 to 0.93) were found between mini-BESTest and BBS (Godi et
al., 2013; Cramer et al., 2020; Dominguez-Olivan et al., 2020).In addition,
moderate to very high correlations (ranged from 0.68 to 1) were found with
DGI (Migdad et al., 2017).

The internal consistency of the test indicates good to very good
consistency with Cronbach’s alpha (a) coefficient for total score ranged
from 0.79 to 0.92 (Tsang et al., 2013; Godi et al., 2013; Lofgren et al.,
2014; Potter et al., 2019; Lemay et al., 2019; Bustamante-Contreras et al.,
2020), and for tests’ domains ranged from 0.77 to 0.94 (Lofgren et al.,
2014; Dominguez-Olivan et al., 2020).

In addition, test-retest reliability for total score was excellent (ICC
> 0.80) (Tsang et al., 2013; Lofgren et al., 2014; Hamre et al., 2017; Potter
et al., 2019; Anson et al., 2019). For tests’ domains, the ICC ranged from
good to excellent (0.65 to 0.99) (Hamre et al., 2017; Winairuk et al., 2019;
Anson et al., 2019; Potter et al., 2019).

Furthermore, investigation of the measurement errors using the
standard error measurement (SEM) and MDC in several studies revealed
that the SEM ranged from 0.74 to 1.88 and MDC from 3 to 4.51 (Tsang et
al., 2013; Lofgren et al., 2014; Jacome et al., 2016; Lemay et al., 2019;
Anson et al., 2019). Moreover, most of the studies reported the absence of

floor and ceiling effects (Godi et al., 2013;
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Tsang etal., 2013; Yingyongyudha et al., 2016; Hamre et al., 2017; Oyama
etal., 2018; Lampropoulou et al., 2019; Duchesne et al., 2020; Beauchamp
et al., 2021). On the other hand, floor effect was found in one study
(Winairuk et al., 2019) and ceiling effect for two subscales (reactive
postural control and sensory orientation) was reported by Potter et al., 2019
(Potter et al., 2019).

In the term of test accuracy using the receiver operating
characteristic (ROC) curve, the cutoff points ranged from 16 to 21.5 with
sensitivity from 52% to 93%, specificity from 43% to 81%, and AUC from
0.64 to 0.92 (Tsang et al., 2013; Godi et al., 2013; Yingyongyudha et al.,
2016; Schlenstedt et al., 2016; Jacome et al., 2016; Anson et al., 2019;
Duchesne et al., 2020; Magnani et al., 2020). Based on that, the mini-
BESTest is receiving acceptance to be used in clinical and research settings

(Lemay et al., 2019).
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Table 2. Literature review of the psychometric properties of Mini-BESTest Studies

17

Both sexes

Author & year Sample Internal Intra-rater Reliabilit | Validity Measuremen | Floor | Cutoff ROC Bland
Consistenc | Reliability y (r, rho) t and points Altma
y ICC (r, rho) error Ceilin n
g
1- (Leddy et al, |24 _ ICC=0.92 _ With _ No 20 AUC=0.8 | __
2011) Mean age Domain1=0.83 BESTest floor or 6
(PD) 68.2+9.3 Domain2=0.87 r=0.95 ceiling Se=88%
Both sexes Domain3=0.72 Sp=78%
Domain4=0.72
2- (Bergstrom et al., | 18 _ . _ Concurrent | __ No _ _ _
2012) PD age (46-80) : with BBS floor or
(Swedish version) | Stroke age (66- rho=0.89, ceiling
90) With TUG
Both sexes rho=-0.83,
FES
rho=0.26
3- (Godietal., 2013) 99 a =.90, .91 ICC=0.96 _ Convergent | SEM=1.26 No Accordin | AUC=0.9 |
(Patients with | mean age 66.1 with  BBS | MDCgs= floor g to|2
balance disorders) +13.1 r=0.85 and | 3.5 and GROC Se=94%
Both sexes r=.58 ceiling Sp=81%
effect
4- (Haakonsen | 24 . ICC=0.94-0.9 | . MDCgs <4 . . . .
, 2013) Both sexes 9
(Stroke) and
ICC=0.97-0.9
9
5- (Maiaetal, | 35 . ICC= 0.95 to | RASCH model: Mini-BESTest exhibits appropriate construct validity, response stability,
2013) Older:73.8+7. 0.99 and discriminatory capacity
(Brazilian version) | 4
PD: 66.5+£10.3
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6- (Tsang et 106 a=0.89,0.93,0.94 | ICC-0.97 With Chedoke- | MDCgs - 3 No 175 | AUC=0.64 | __
al., 2013) Mean age MCMaster  stroke floor Se= 64%
(Chronic stroke) assessment score and Sp=64.2%
57.1+11 rho=0.53, and foot ceiling
Both score rho= 0.64, effect
sexes MAS= rho = -0.22
and ABC=rho=0.50
7- (Lofgren et | 27 a =0.88 ICC=0.80 . SEMtotal=1.2 | . Measurement
al., 2014) Mean age | Domains=0.77 to SRDtotal=3.4 error highest
(PD) 73 0.88 SRD%=12.1 for the
Both SEM postural
sexes domains=0.68- Conversely,
0.79 the
SRD measurement
domains=0.8to error was
2 lowest  for
SRD%=13.1%- sensory
26.7% orientation
8- (Jacome et | 46 ICC-0.88 With ABC rho=0.55 | SEM=1.2 _ 21.5 | AUC=0.74 | No
al., 2016) Mean age MDCgs =3.3 Se=68 systematic
(COPD) 75.947.1 MDC%=14.9% Sp=65 bias with
Both mean
sexes difference
ranging from
-0.7t00
9- (Schlenstedt | 85 . _ _ o o <19 | AUC=0.65 | __
etal., 2016) | Mean age Se=0.52,
(PD) 68.127.5 Sp=0.70
Both

SEXEes
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10- (Sofia et al., | 122 a =]I1CC=0.96 Concurrent: with BBS | __ No floor or|__ | __ _
2016) Mean age | 0.83 r=0.85, ceiling
(Greek version) 67+18 Convergent validity with
years TUG r=-0.74,
Both sexes With FRT r =0.61, with
FES-I r=-0.52
11- (Yingyongyudha | 200 . o o . No floor and | 16 | AUC=0.84 |
et al., 2016) Mean age ceiling effect SE=85%
(Healthy elderly) 70.3£7.3 Sp=75%
Both sexes
12- (Goljar et al., | 159 RASCH Analysis: confirming the validity of three version and the equivalence of their adaptations
2017) Mean age
(Italian version) 71+10.6
Both sexes
13- (Hamre et al., | 42 _ ICC =0.85,0.84 Concurrent: with FES-1 | SEM=1.78, | No floor or|__ | __ _
2017) Mean age Domain1=0.78,0.77 rho =-0.50 1.88 ceiling
(Norwegian Version) | 71.7+14.8 Domain2=0.65,0.73 SDCgs
Both sexes Domain3=0.86,0.85 =4.94,5.22
Domain4=0.83,0.82
14- (Madhavan et al., | 41 _ _ With BBS r=0.72, _ _ 18.5 | AUC=0.80 | __
2017) Mean age: With 10MWT r=0.57 Se=93%
(Stroke) 59.4 Sp=64%
Both sexes
15- (Miqdad et al., | 30 _ . Convergent with DGI r | . | .
2017) Mean age ranged from =0.68 to 1
(Elderly) 62.23+4.38

Both sexes
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16- (Oyama et al., | 18 a o Conccurrent: . No . .
2018) Mean  age | =0.80 with BBS floor or
(Japanese version) 59.1+27 | t0 0.87 rho=0.66 ceiling
Both sexes FRT rho=
-0.36
17- (Anson et al., | 58 o ICC=0.84 _ SEM=1.4 _ AUC=0.54 |
2019) Mean age MDCgs = 4
(Adults with history of falls) 78.1+7.01
Both sexes
18- (Chan et al, |21 _ ICC=0.98 Convergent: _ _ _ o
2019) mean age Domainl1=0.98 With Lower
(ISCI) 56.8+14.0 Domain2=0.94 extremity
years Domain3=0.95 strength r=0.73.
Both sexes Domain4=0.97 Concurrent with
COP r = 0.48-
0.71
19- (Lampropoulou | 21 _ ICC=0.96 Convergent SEM=1.53 No _ Mean difference =
et al., 2019) Mean age with TUG r= - | MDC=4.25 floor or —0.143 £ 0.73
(Chronic stroke) | 63 +16 0.82 ceiling very good agreement
Both sexes FES-1r=-0.73 in the measurements
FRT r=0.68
20- (Lemay et al., |20 a ICC=0.98 . SEM=1.05- No . Adequate
2019) Mean  age | =0.89- 1.63 floor or agreement, confirms
(French version) 56.4+17.14 0.92 MDCg5=2.91- | ceiling the absence of of
Both sexes 4.51 systematic errors
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21- (Potter et al., | 32 a =0.89 ICC=0.97. Convergent: with | SEM No floor _ _
2019) Mean age Domainl= disease severity | total=1.32, effects,
(MS) 55.84+14.01 0.85 rho=-0.70to0 -0.84 | MDC but
Both sexes Domain2=0.90 With ABC rho | total=3.74 ceiling
Domain3=0.92 =0.651t00.79 SEM1=0.51 effects
Domain4=0.92 MDC1=1.43 were
SEM2=0.66 found for
MDC2=1.90 two
SEM3=0.34 subscales
MDC3=0.98
SEM4=0.83
MDC4=2.38
22- (Winairuk et | 70 . ICC=0.98 Concurrent: with | SRM=1.28 Floor AUC=0.71 |
al., 2019) Mean age Domain1=0.95 BBSr=0.95 MDCgs = 3.35 effects Se=0.93
(Subacute stroke) | 55.42+12.11 Domain2=0.97 were Sp=0.43
Both sexes Domain3=0.95 found
Domain4=0.98
23- (Bustamante- | 50 a =0.84 _ Content validity | No floor _ _
Contreras et | Mean age 11 items I-CVI or ceiling
al., 2020) 69.14+8.65 =1, and 3 items =
(Spanish version) | Both sexes 0.92. S-
CVI=0.98
24- (Cramer et | 50 a =0.90 _ Convergent: with | No floor _ Sufficient
al., 2020) mean  age BBS rho=0.93 or ceiling agreement
(German version) | 64.58+13.34 With TUG rho =- between
Both sexes 0.85 all test, the
biases
were -5.36
or 4.92
25- (Dominguez- | 30 a _ FES-I,r=-0.18 | SEMtotal=0.74 | No floor _ _
Olivan et al., | Mean age total=0.79 MDCtotal=2.04 | and
2020) 7316.2 1=0.94 BBS, r=0.18 SEM1=0.29 ceiling
(Elderly) Both sexes | 2=0.80 MDC1=0.79
3=0.84 SEM?2=0.43
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4=0.88 MDC2=1.19
SEM3=0.39
MDC3=1.07
SEM4=0.35
MDC4=0.97
26- (Duchesne et | 59 _ Convergent: _ No floor | 21.5 AUC=0.87
al., 2020) Mean age With TUG rho= - and
(DM1) 50.6+12.5 0.76, ceiling
Both sexes 10mwWT rho
=0.48,
6MWT rho=0.82
27- (Lopesetal., | 370 _ _ _ _ 215 AUC=0.66
2020) Mean age Se=70.7%
(PD) 65.8 11 Sp=55.1%
Both sexes
28- (Magnani et | 264 _ _ _ _ Cutoff | AUC=0.68
al., 2020) Mean age points | t0 0.79
(Elderly) 65.242.9 from | Se=58%
Both sexes 17 t078%
to25 Sp=68%ito
74%
29- (Naghdi et | 30 . Discriminative: | . . .
al., 2020) Mean age with stroke
(Persian version) | 54.2+16.1 mean =19.4 and
Both sexes SD5.4.

Healthy
subjects
mean=24.8 and
SD=2.3,
P>0.001
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30- (Beauchamp et | 50 . SEMtotal=1.1 No floor and AUC according to |
al., 2021) Mean age MDCtotal=3.2 ceiling MCID=0.77
(Stroke) 60.8+9.4 SEM1=0.4, Se=95.1%
Both sexes MDC1=1 Sp=55.6%
SEM2=0.7
MDC2=1.8
SEM3=0.4
MDC3=1
SEM4=1
MDC4=2.6
31- (Royetal., 2021) | 23 ICC = SEM=1.40 . . No heteroscedasticity was
(SCh) Mean age 0.94 MDC=4 observed
55.2+14.5 MDC%=13.7 no systematic error for
Both sexes total score

ICC; inter class correlation, r; Pearson’s correlation, rho; Spearman correlation, ROC; Receiver operating characteristics, Se; Sensitivity, Sp; Specificity, SRD; Smallest real difference, SEM;
standard error of measurements, MDC; Minimal Detectable change, SDC; Smallest Detectable change, AUC; Area under the curve, a; Cronbach’s alpha, PD; Parkinson’s disease, MS; Multiple
sclerosis, TBI; Traumatic brain injury, 1-SCI; Incomplete spinal cord injury, COPD; Chronic obstructive pulmonary disease, DM1;Myotonic dystrophy type 1, BBS; Berg balance scale, TUG;
Timed up and go, FES-I; Fall efficacy scale international, MAS; Modified Ashworth scale, ABC; Activities-specific balance confidence, FRT; Functional reach test, DGI; Dynamic gait index, 10
MWT; 10 meter walk test, EBMWT; 6 minute walk test, COP; Measure of center of pressure, I-CVI; Items content validity index, S-CVI; Scale content validity index.
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2.2 Summary

As shown in the literature review, mini-BESTest is a comprehensive
tool to investigate static and dynamic balance on numerous populations and
has high psychometric properties. Also, mini-BESTest was translated to
various languages and earned acceptance in both clinical and research
purposes. Yet the test has not been translated to Arabic language to be used

on Arabic population.
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Chapter 111

Subjects and Methods
3.1. Sample

A convenience sample of 56 patients of both sexes were recruited
for this study. Age was ranged from 18— 75 years old ( Lemay et al., 2019).
Participants with various neurological disorders that causing balance
dysfunctions were the targeted populations.
Sample Size estimation

According to Osborne et al., 2004, there are no absolute rules for the
sample size required to validate constructs or study tools due to the
different types of tools and the number of their items (Osborne etal., 2004).
Guidelines for the respondent-to-item ratio ranged from 5:1, 10:1, 15:1, or
30:1 (Pedhazur, 1997). In accordance with the classic rule established by
Kline, 2011 of using 2 to 20 subjects for each item, the authors decided to
use 4 subjects for each item (4:1) with a total sample of 56 participants
(Anthoine et al., 2014).

Meanwhile, test-retest reliability was analyzed in a subsample of the
first consecutive 56 participants. This sample size was determined
according to the study by (Bonett, 2002) who established that a minimum
of 21 individuals were necessary to estimate an ICC of 0.9 with a 95%
confidence interval width of 0.231 ( a« =0.05 and required number of

sessions=2), also according to GROC results for stable patients.
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For a possible 30% of withdraw, the sample was increased to 29
participants.
Inclusion criteria
1- Participants representing different neurological conditions such as
MS, stroke, PD, SCI and, TBI were recruited to ensure heterogeneity
of balance impairment (Sofia et al., 2016)

2- Ability to walk 6 m with or without a cane (Franchignoni et al.,
2010).

3- To be able to meet for testing on two occasions with 7-10- day
interval (EI-Gilany et al., 2012).

4- Able to follow commands and instructions (Lemay et al., 2019).

5- Age from 18 to 75 years old (Lemay et al., 2019).

6- Ability to provide consent form.

Exclusion criteria

1- Non ambulatory patients.

2- Potential participants with medical conditions that could interfere
with the evaluation process or may affect the results of the evaluation
for causes other than balance disfunction, such as: participants with
unstable or acute medical conditions and/or with balance
impairments due to vestibular or visions disorders (Lemay et al.,

2019).
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3- Pregnancy and recent surgery to the lower limbs that could restrict

the performance of the standing and walking activities included in

the scale (Lampropoulou et al., 2019).
3.1.1 Ethical Consideration and Consent

This study was approved by Ethics Review Boards of the Collage of
Medicine- King Saud University (No. E-20-4835) (Appendix 1) and Prince
Sultan bin Abdul-Aziz Humanitarian City (No. 25/MSc/2020) (Appendix
2). The participants were informed about the study and signed an informed
consent form prior to their participation (Appendix 3). In addition, the
permission was taken from the main developer of the mini-BESTest
(Appendix 4).
3.1.2 Sampling method
Convenient sampling method was used during this study.
3.2 Procedure of the study
3.2.1 Study Design
A cross sectional and psychometric testing study.
3.2.2 Materials and measurement tools

The measurement tools that were used in this study include: mini-
BESTest -Ar (Appendix 5) , the Arabic version of Berg balance scale (A-
BBS) (El-Gilany et al., 2012) (Appendix 6), the Arabic version of dynamic
gait index (A-DGI) (Alghwiri, 2014) (Appendix 7), and global rating of

change (GROC) (Childs et al., 2005) (Appendix 8).
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Mini-BESTest

The mini-BESTest comprises of 14-items focusing on dynamic
balance. Items are divided into four sub-scores: anticipatory postural
adjustments (three items), reactive postural control (three items), sensory
orientation (three items), and dynamic gait (five items) (Franchignoni et
al., 2010). Each task rated on a 3-level ordinal scale ranging from 0 (severe
balance impairment) to 2 (no balance impairment) with 28 as a maximal
test score, and higher score indicates better balance. The test takes 15
minutes to administer (Lemay et al., 2019).
The A-BBS

The BBS is a quantitative and most used assessment tool for assessing

balance and risk of falling in patients with neurological conditions and
elderly. It has been translated to Arabic and its excellent intra-rater
reliability (ICC= 0.97) and inter-rater (ICC= 0.95). In addition, it is valid
with total matrix variance of 72.9% (EIl-Gilany et al., 2012). The scale
contains 14 items to test either static or dynamic balance. It requires 10-20
minutes for administration. The scoring for each item is from 0 to 4, where
a score of 0 states “inability to complete the task™, and a score of 4 states
“independent in completing the task (Berg et al., 1992).

The global score is 56 points. The score from 0-20 represents balance

impairment and high risk of fall, from 21-40 reflects acceptable balance
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and moderate risk of falling, and from 41-56 states good balance and low
risk of falling (Berg et al., 1992).
The A-DGI

The DGl is utilized to assess the functional stability and risk of falling.
It is a common gait assessment tool because of its little need for space and
equipment, and its ability to be applied on patients with different
conditions. The 8-items DGI tests the gait on flat surfaces, gait with speed
changes, horizontal head turns, vertical head turns, gait and pivot turn,
stepping over and around obstacles, and navigation of stairs (Alghwiri,
2014).

The DGI is 4-point ordinal scale from 0 to 3, where O states the
lowest and 3 states the highest. The total score equals 24, where a score of
19 or less states risk of falling, while a score of 22 or more states safe
ambulation. The test takes15 minutes to complete. The Arabic version of
DGI is reliable with 1CCs; = 0.98; 95% CI, 0.97-0.99 and valid by
moderately correlating with the Glasgow coma scale (rho =0.39, P < .01)

and Beck depression inventory (rho =—0.50, P =.01) (Alghwiri, 2014).
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The GROC

The GROC is a scale used to assess patients' overall perceptions of
Improvement since the beginning of treatment. The GROC ranges from -7
to 0 to +7, where -7 represents a very great deterioration, O represents about
the same, while +7 represents a very great improvement. The GROC has
been extensively used as an external reference standard to discriminate
between assessment tools and has high reliability (ICC= 0.90) and
significant correlation with numerical rating scale (r = 0.49).

Patients with a score of more than +3 were considered improved,
those with a score of between +3 and -3 were considered stable, and those
with a score of less than -3 were considered deteriorated (Fritz et al., 2001).
Equipment

The equipment used for the application of the mini-BESTest were a
foamy material (Airex foam, medium density), a chair without armrests or
wheels, a step of average height, a 10-degree incline ramp (at least 60 cm
x 60 cm) to stand on, stopwatch, a box (23 cm height), and a 3 meters
distance measured out and marked on the floor with tape (from chair). For
the BBS application: a chair with armrests, a bed, a timer, a step with height

of 22 cm, and a ruler of 5, 12 and 25 cm were used.
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3.2.3 Protocol of data collection
3.2.3.1 Data Collection Period
Data were collected through the period between September 2020 to July
2021.
3.2.3.2 Participants Recruitment

The participants were recruited from the inpatient and outpatient
physical therapy clinic at Prince Sultan bin Abdul-Aziz Humanitarian city

in Riyadh based on the inclusion and exclusion criteria.

3.3.1 Procedure
This study was conducted in two phases

1- Translation and cross-cultural adaptation based on the guidelines of
(Beaton et al., 2000).

2- Testing psychometric properties of mini-BESTest -Ar.
3.3.1.1 Translation and cross-cultural adaptation
The guidelines consist of 6 steps.
Step 1: The mini-BESTest was translated from English to Arabic (forward)
by two independent bilingual translators who were native Arabic speakers.
Then, a written report of the two versions was provided (T1 and T2).
Step 2: The two forward translations were compared and single consensus
Arabic version of mini-BESTest was produced (T12) then Arabic mini-

BESTest was constructed by the expert committee.
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Step 3: A backward translation to English was undertaken by two
independent native English speakers (BT1 and BT2), and they were
blinded of the original version of mini-BESTest. After that, their two
versions of the back-translation were submitted to the committee.

Step 4: An expert committee reviewed all reports, and they gave their
grading on each item the content validity index (CVI) to test the face and
content validity.

step 5: The pre-final version was piloted to 5 therapists to test on 10
patients with different balance disorders. Following a pretest in the clinic
by five physiotherapists (experience ranging from 3 to 12 years) on
neurological patients, minor adjustments were made to improve the
instructions to the patient. Also, their suggestions for every item were
asked and a final debriefing decision was sent to the developer for
comments.

Step 6: After receiving and reviewing all comments, the panel experts were
determining the final Arabic version of the mini-BESTest (mini-BESTest

-Ar).
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s N * Two native Arabic language translators N
Step 1: « Two Translations (T1 & T2)

Forward Translation * Into Arabic language
- / + Written reports Y,
[ Step 2: « Synthesize T1 & T2 to T12 )
g Synthesis ) » Written reports
. » Two native English translators h
Step 3: * Two translations (BT1 & BT2) from T12
Back transltaion version
- / » Written reports W,
. . *» Review all reports N
| Step 4: * Methodologist, language professionals,
. . health professionals and translators
‘\ Expert committee review ) o BT st
) ’ « Written reports J
( Step 5: A * The prefinal version was tested for face b
Presentation validity by 5 therapists and tested on 10
- / patients Y
‘/ Step 6: * The panel experts determined the final
§ Submission Arabic version of the Mini-BESTest.

Figure 1. Steps of translation and cross-cultural adaption.

3.3.1.2 Testing the psychometric properties of the mini-BESTest -Ar

At the first session, the participants conducted a screening sheet as a

part of baseline assessment to determine if they met the exclusion/inclusion

criteria. The information related to demographic variables such as age,

weight (kg), height (cm), and body mass index (BMI) (kg/cm?) were

collected. Weight and height were used to calculate the BMI (Visscher et

al., 2006). The following tests were applied to eligible participants: the

mini-BESTest-Ar, A-BBS, and A-DGI.

At the second session , after 7 to 10 days, the participants were asked to

complete a GROC scale (El-Gilany et al., 2012), as a criterion for
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“stable” conditions, and mini-BESTest-Ar was applied once again.
During the test, the participants were asked to wear comfortable
clothing and footwear and take their medications according to their usual
schedule. The evaluation room was kept quiet to ensure that the
participants' performance was not hampered. Prior to testing, the
participants were given analytical information and demonstrations for each
activity, and they were allowed to relax as much as they needed. Each
session was 30 to 90 minutes. Because the data was collected during the
Covid-19 pandemic, every precautions were taken to keep the participants
and researcher safe (World Health Organization, 2020).
3.3 Data analysis
Content validity

Content validity was assessed using CVI and modified kappa

coefficient (K*). The index contains four-point Likert scale arranged as

following: 1=Not relevant, 2=Somewhat relevant (item need some
revision), 3= Quite relevant (relevant but need minor revision), and
4=Highly relevant. The whole items and instructions of the test were
assessed for their relevance and clarity by five experts. They had
experience with research methodology and neurology.

The experts were asked about their comments and recommendations

to improve the quality of Arabic version of the test. After that, the ratings
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of the scale were recorded as 1 if the relevance scale was 3 or 4, or O if the
relevance scale was 1 or 2. Following that, the item-CVI (I-CVI) was
calculated using the formula I-CVI = (agreed items/ number of experts)
and the I-CVI is considered excellent if its value is 0.78 or above
(Bustamante-Contreras et al., 2020).

Both scale-level CVI/universal agreement (S-CVI/UA) and scale-
level CVI/average agreement (S-CVI/Ave) were calculated as quantitative
data for scale-level content validity. The S-CVI/UA computed by formula
S-CVI/Ave = (sum of UA score/ number of items) (Yusoff, 2019). Also,
the S-CVI/Ave was calculated using the formula: S-CVI/Ave = sum of I-
CVI scores / number of items. It considered acceptable if its value is 0.90
or more (Bustamante-Contreras et al., 2020).

Moreover, to assess the K*, the probability of chance (P;) was
computed using the equation P = [N/A (N - A)] *0.5N where N = number
of experts and A = Number agreeing on good relevance. Later, the K* was
computed using:

k* = (I-CVI - Py)/(1 - P.) (Polit et al., 2007).
Construct Validity

The construct validity of the mini-BESTest-Ar was investigated using
the hypothesis testing method to predict a moderate to high correlation (r
>(.5) with A-BBS and A-DGI. The validity was measured using Pearson’s

correlation coefficient (r) if the data was normally distributed or
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spearman’s ranked correlation (rho) if the data was skewed. Where values
of r and rho from 0.0 to 0.25 was considered as little correlation, 0.26 to
0.49 was indicated as low correlation, 0.50 to 0.69 equals moderate
correlation , 0.70 to 0.89 was high correlation, and very high correlation
was from 0.90 to 1.00 (Roach, 2006). Construct validity was also classified
as very good if more than 90% of the 10 hypotheses were verified, good if
75% to 90% of the hypotheses were confirmed, and moderate if 40% to
74% of the hypotheses were confirmed (Devoogdt et al., 2011).
Relative reliability
Relative reliability was determined by calculating:
1. Internal consistency
The internal consistency of mini-BESTest-Ar was tested using o

coefficient at baseline; the accepted value was 0.70. Moreover, values
between 0.70-0.80 indicate good internal consistency, while values above
0.80 was considered as very good internal consistency (Munro, 2005).
2. Relative test-retest reliability using intraclass correlation coefficient

Test-retest reliability was tested using a 2-way analysis of variance
random-effect, absolute agreement intraclass-correlation (ICC;1), with
good and excellent reliability being, respectively, indicated by values of
0.60 to 0.80 and more than 0.80. Pearson’s correlation (r) was also used to
assess test-retest reliability. Where poor reliability equals value below

0.50, and moderate to good reliability equals value ranged from 0.51 to
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0.75, while excellent reliability equals values above 0.75 (Roach, 2006).
The initial assessment and a re-assessment were taken approximately at the
same time and under the same conditions in a time frame of 7-10 days
(Godi et al., 2013; Sofia et al., 2016).
Absolute reliability
Absolute reliability was determined by calculating:
1. Measurement error

SEM was calculated using the formula: SEM =(SDx[V(1-ICC)]),
where SD was the sample standard deviation and ICC was the test—retest
ICC. True change in mini-BESTest -Ar that is beyond the measurement
error was quantified using the MDCgs. MDCgys was estimated using the
following formula: MDCgs = SEM x1.96 x\2 (Tsang et al., 2013). The
MDC also was calculated as a percentage (MDC%) by the formula:
MDC%= (MDCgys / mean) x 100, where “mean” is the mean of the scores
acquired in the second testing sessions. An MDC% under 30% was
acceptable (Jacome et al., 2016).

2. Bland-Altman plot

Finally, using a Bland-Altman plot, the LOA between the mini-
BESTest-Ar scores at baseline and the subsequent administration were
visually examined. The reliability was assessed using only the data of
patients who were categorized as stable (GROC scores of -3 to +3) (Fritz

et al., 2001).
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Responsiveness, accuracy, and sensitivity to change of mini-BESTest-Ar
ROC:

By creating a ROC curve from the change scores between the 7-10
days follow-up and the baseline, the sensitivity to change, or
responsiveness, of the mini-BESTest-Ar was investigated. The ability of
mini-BESTest-Ar to distinguish patients who improved from those who
stayed stable based on the GROC was measured using the AUC. AUC
values range from 0.5, which indicates little diagnostic accuracy, to 1,
which indicates complete diagnostic accuracy. We predicted that the mini-
BESTest-Ar would have an AUC value of 0.70 or higher. The sensitivity
(patients who improved, true positive) and specificity (patients who stayed
stable, true negative ) values were determined (Winairuk et al., 2019).
Cutoff values were calculated by maximizing sensitivity and specificity by
selecting the smallest value of (1- sensitivity)> +(1- specificity) 2
(Schlenstedt et al., 2016).

Floor and ceiling effects

Floor and ceiling effects were present if more than 20% of

respondents achieved the lowest or highest possible total score (Tsang et

al., 2013; Winairuk et al., 2019).



Subjects & methods 39

All the analyses were conducted using Statistical Package of Social
Science (SPSS, Inc., Chicago, IL) version 18.0. The level of significant
was set at P <0.05. Descriptive statistics were estimated for demographic
variables (sex, age, height, weight, BMI, level of education, and residence)
and medical condition. The data were investigated for normal distribution

using Kolmogorov—-Smirnov test.
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Chapter IV
Results

4.1 Participants’ characteristics

Table 3 represents the participants’ characteristics. The
anthropometric data are normally distributed (P >0.05) except age
(P<0.05). Furthermore, the two trials of mini-BESTest-Ar (at baseline and
after 7-10 days) and A-BBS scores are normally distributed (P >0.05). The
A-DGI values are skewed (P<0.05). Fifty-six participants with different
neurological conditions were recruited with median and range of age of 34
and 53 respectively (min.:18, max.:71 year). The mean £ SD of BMI was
26.6 + 5.6. Most of the participants (67.9%) were men. About 35.7% were

diagnosed with stroke followed by TBI (28.6 %) and SCI (14.3%).
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Table 3. Participants’ characteristics (n=56)

Variables Median Range (min-max)

Age 34 53 (18-71)
Mean SD

Height (cm) 167.9 10.4

Weight (kg) 75.5 15.9

BMI (kg/cm? 26.6 5.6

Frequency %

Sex Men 38 67.9
Women 18 321

Level of education Iliterate 4 7.1
Elementary 2 3.6
Intermediate 3 5.4
Secondary 24 42.9
Bachelor’s degree 20 35.7
Master’s degree 3 54

Residence Central region 21 37.5
Southern region 16 28.6
Northern region 3 5.4
Eastern region 8 14.3
Western region 8 14.3

Medical condition Stroke 20 375
TBI 16 28.6
SCI 8 14.3
MS 4 7.1
PD 1 18
GBS 1 1.8
Spinal Bifida 1 1.8
Meningitis 1 1.8
Lateral Sclerosis 1 1.8
Cranioma 1 1.8
CP 1 18
CMT 1 1.8

Mean+SD (min-max)
Mini-BESTest1-Ar (n=56) 20+5.4 (6-28)
Mini-BESTest2-Ar (n=29) 20+5.8 (8-27)

A-BBS (n=56) 47.5+7.3 (13-56)
Median (range)
A-DGI (n=56) 22 (3-24)

All data represented as mean and standard deviation SD, or frequency and percentage %, except for age and DGI
represented as median and range. min-max: minimum-maximum, n number of participants, BMI: body mass index,
TBI: traumatic brain injury, SCI: spinal cord injury, MS: multiple sclerosis, PD: Parkinson’s disease, GBS: Guillain
Barre Syndrome, CP: cerebral palsy, CMT: Charcot-Marie-Tooth, Mini-BESTest1-Ar: total score of Arabic Mini-
BESTest at baseline, Mini-BESTest 2-Ar: total score of Arabic Mini-BESTest after 7-10 days, A-BBS: total score
of Arabic Berg Balance scale, A-DGI: total score of Arabic Dynamic Gait Index .
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4.2 Translation and cross-cultural phase

Standard Arabic was used in the mini-BESTest-Ar to ease
worldwide distribution and better understanding. Most semantic
differences between the two Arabic versions produced during stage 1 were
due to the use of synonyms or phrases with comparable meanings. The
experts committee advised that the term "dynamic speed" be replaced with
“walking speed”. The test's units were all changed to the worldwide metric
system (feet to meters, inches to centimeters). The final version was
deemed to be unambiguous, and it was thought to be appropriate and
applicable for Arabic speakers to use. The main developer examined and
approved the back translated English version (Appendix 9).
4.3 Psychometric Properties
Content Validity

The results of content validity elaborated excellent I-CVI for all
items (I-CVI=1). The S-CVI was excellent, with values of 1 for both (S-
CVI/Ave) and (S-CVI/UA). The P, value was 0.031 for all items and K*

for each item was excellent (>0.74) (Table 4 and 5).
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Table 4. Evaluation of I-CVIs with expert's agreement, scales’ items

Item Expertl | Expert2 | Expert3 | Expert4 | Expert5 | Expert in | I- Pc K* | Evaluation
agreement | CVI
1. 1 1 1 1 1 5 1 .031 |1 | Excellent
2. 1 1 1 1 1 5 1 .031 |1 | Excellent
3. 1 1 1 1 1 5 1 .031 |1 | Excellent
4. 1 1 1 1 1 5 1 031 |1 | Excellent
5. 1 1 1 1 1 5 1 031 |1 | Excellent
6. 1 1 1 1 1 5 1 .031 |1 | Excellent
7. 1 1 1 1 1 5 1 031 |1 | Excellent
8. 1 1 1 1 1 5 1 031 |1 | Excellent
9. 1 1 1 1 1 5 1 .031 |1 | Excellent
10. 1 1 1 1 1 5 1 .031 |1 | Excellent
11. 1 1 1 1 1 5 1 031 |1 | Excellent
12. 1 1 1 1 1 5 1 031 |1 Excellent
13. 1 1 1 1 1 5 1 031 |1 Excellent
14, 1 1 1 1 1 5 1 031 |1 | Excellent
S-CVI 1
Proportion relevance 1 1 1 1 1

I-CVI = item-level content validity index; P. = probability of a chance computed by formula: P; = [N/A(N - A)]*0.5N where N = number of experts and A =
Number agreeing on good relevance; K* = modified kappa coefficient k* = (I-CVI - P)/(1 - P¢), @ As stated by (Cicchetti & Sparrow, 1981);(Fleiss, 1981)
about the criteria for K*, 0.40 to 0.59 = fair, 0.60 to 0.74 = good, and >0.74 excellent.



Results 44

Table 5. Evaluation of I-CVIs with expert's agreement, scales’ instructions

Instructions Expertl | Expert2 | Expert3 | Expertd | Expert5 | Expertinagreement I-CVI | Pc K* | Evaluation
Pt. status 1 1 1 1 1 5 1 031 |1 Excellent
Instruments 1 1 1 1 1 5 1 031 |1 Excellent
Grading 1 1 1 1 1 5 1 031 |1 Excellent
1. 1 1 1 1 1 5 1 031 |1 Excellent
2. 1 1 1 1 1 5 1 031 |1 Excellent
3. 1 1 1 1 1 5 1 031 |1 Excellent
4. 1 1 1 1 1 5 1 031 |1 Excellent
5. 1 1 1 1 1 5 1 031 |1 Excellent
6. 1 1 1 1 1 5 1 031 |1 Excellent
7. 1 1 1 1 1 5 1 031 |1 Excellent
8. 1 1 1 1 1 5 1 031 |1 Excellent
9. 1 1 1 1 1 5 1 031 |1 Excellent
10. 1 1 1 1 1 5 1 031 |1 Excellent
11. 1 1 1 1 1 5 1 031 |1 Excellent
12. 1 1 1 1 1 5 1 031 |1 Excellent
13. 1 1 1 1 1 5 1 031 |1 Excellent
14. 1 1 1 1 1 5 1 031 |1 Excellent
S-CVI/Ave 1
Proportion relevance 1 1 1 1 1

I-CVI = item-level content validity index; P. = probability of a chance computed by formula: P; = [N/A(N - A)]*0.5N where N = number of experts and A =
Number agreeing on good relevance; K* = modified kappa coefficient k* = (I-CVI - Po)/(1 - P¢), @ As stated by (Cicchetti & Sparrow, 1981);(Fleiss, 1981)
about the criteria for K*, 0.40 to 0.59 = fair, 0.60 to 0.74 = good, and >0.74 excellent.
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Construct (Convergent) Validity

The total score of mini-BESTest-Ar, as well as its four domains
demonstrated high to moderate significant positive correlation with A-
BBS. The r value was 0.80 for the total score. Regarding the domains, r
value ranged from 0.81 (Sensory orientation) to 0.62 (Dynamic gait).
Furthermore, as shown in table 6, there was a moderate to high positive
correlation between A-DGI and total score of mini-BESTest-Ar score as
well as its four domains except sensory orientation domain (rho=0.38, P=
0.004). Fortunately, these results confirmed 90% of our predefined 10

hypotheses indicating that mini-BESTest-Ar had good construct validity.
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Actual : rho = 0.75**

Mini-BESTest-Ar Instrument for | Correlation coefficient | Hpotheses

domains correlation (r, rho) confirmed?

Anticipatory domain Expected: > 0.5 Yes
Actual: r= 0.63**

Reactive postural control Expected: > 0.5 Yes

domain Actual: r= 0.63**

Sensory orientation | A-BBS Expected: > 0.5 Yes

domain Actual: r = 0.81**

Dynamic gait domain Expected: > 0.5 Yes
Actual: r= 0.62**

Mini-BESTest-Ar Total Expected: > 0.5 Yes
Actual r =0.80**

Anticipatory domain Expected: = 0.5 Yes

A-DGI Actual: rho=0.53**

Reactive postural control Expected: > 0.5 Yes

domain Actual: rho=0.62**

Sensory orientation Expected: > 0.5 No

domain Actual: rho=0.38*

Dynamic gait domain Expected: > 0.5 Yes
Actual: rho = 0.79**

Mini-BESTest -Ar Total Expected: > 0.5 Yes

The correlation between mini-BESTest -Ar domains and total score with A-BBS and A-DGI; *P value
is significant at <0.05; ** P value is significant at <0.001

Relative reliability

Internal Consistency and Test-Retest Reliability

Internal consistency of the mini-BESTest-Ar was excellent (o0 =

0.96). The four domains of mini-BESTest-Ar showed very high internal

consistency ranged from o= 0.81 for reactive postural control to = 0.94 for

anticipatory domain. With 29 participants, high test-retest reliability was
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obtained for the total mini-BESTest-Ar (ICC,,1=0.95, 95% CI=0.88- 0.98)

and for the four domains.

The 1CC,; ranged from 0.81 to 0.94 for reactive postural control

domain and anticipatory domain respectively. The four domains had

moderate to high test-retest reliability, with r =0.68, P =0.00 for reactive

postural control and r =0.90, P =0.00 for anticipatory domain. Furthermore,

Pearson's correlation for total score (r = 0.92, P = 0.00) yielded excellent

results (Table 7).

Table 7. Internal consistency, test—retest reliability, and floor and ceiling
effects for the mini-BESTest-Ar (total and domains)

Variable Internal Test re-test | Test Floor | Ceiling
Consistency | (ICC) retest | effect | effect
(0) (r)
ICC | 95%CIl |r No. (%)
Anticipatory 0.94 0.94 |0.86-0.97 | 0.90** |1(1.8)|4(7.1)
domain
Reactive 0.81 0.81 | 0.60-0.91 | 0.68** |8 12
postural control (14.3) | (21.9)
domain
Sensory 0.93 0.93 |0.85-0.97 | 0.87** |1(1.8) |32
orientation (57.1)
domain
Dynamic gait | 0.93 0.93 |0.84-0.97 | 0.88** |1(1.8)|9(16.1)
domain
Mini-BESTest - | 0.96 0.95 |0.88-0.98 | 0.92** |1(1.8)|1(1.8)
Ar Total

o. Cronbach alpha, ICC: Inter class correlation; Cl: 95% confidence interval; r: Pearson
correlation. *P value is significant at <0.05; ** P value is significant at <0.001
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Absolute reliability

1. Measurement error

The SEM for total mini-BESTest-Ar was 1.19, with an acceptable
MDCgs of 3.29 points and an MDC % of 16.45 %. The SEM for each
domain varied from 0.31 (sensory orientation) to 0.88 (reactive postural
control). The MDCgys ranged from 0.86 (sensory orientation) to 2.43
(reactive postural control) across the four domains. Table 8 shows that the

MDC % was acceptable for all domains except anticipatory and reactive

postural control.

Table 8. Standard error and minimal detectable change for mini-BESTest

-Ar
Variable SEM MDCogs MDC%
Anticipatory 0.38 1.05 30.6%
Reactive postural control 0.88 2.43 66.8%
Sensory orientation 0.31 0.86 16.6% (Acceptable)
Dynamic gait 0.49 1.35 17.3% (Acceptable)
Mini-BESTest-Ar Total 1.19 3.29 16.5% (Acceptable)

MDC: minimal detectable change; SEM: standard error of measurement
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2.Bland-Altman plot

Figure 2 illustrated that the Bland-Altman analysis of the mean
differences between repeated measurements [the mean difference of the
mini-BESTest-Ar total score between the two tests was -1.103+£2.4 (-5.73
to 3.53)] produced a distribution of differences that was within the limits
of agreement and did not differ significantly from zero (t=-2.51, p > 0.05).
The line of equality (zero) was contained in the 95% CI (-2.0 to -0.20) of
the mean difference between the second and first testing sessions, showing

that there was no systematic error or proportional bias between sessions.

Mini-BESTest-Ar
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Figure 2. Graphical representation of discrepancies between test 1 and test 2 using the
Bland-Altman technique. Bland-Altman Plot showing the difference between (vertical axis) vs.
the mean (horizontal axis) for measurements taken in the test and retest sessions. The mean
difference (n=29) is represented by the solid gray line in the middle (mean difference = -1.103).
The black strong solid lines reflect the highest and lowest limits of agreement (mean +
1.96xSD) between two sessions. The 95% CI of the mean difference between the two testing
sessions is represented by the upper and lower dashed lines. The line above 0 (the line of
equality) is represented by the thin solid black line in the middle.
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Responsiveness, accuracy, and sensitivity to change of mini-BESTest-Ar
ROC:

The sensitivity of mini-BESTest-Ar was tested with 29 participants.
An AUC value of 0.85 (standard error 0.05; 95% CI, 0.74-0.96) was
obtained after constructing the ROC (Figure 3). This value demonstrated
moderate accuracy and was greater than we hypothesized and significant
at 0.05 alpha level. Cut off points value were 21.5 with sensitivity of 75 %

and specificity of 75%.
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Figure 3. Receiver operating characteristic curve for mini-BESTest-Ar
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Floor/Ceiling Effect

There was no floor effect for either the total mini-BESTest-Ar or the
domains. All domains had no ceiling effect except reactive postural control
and sensory orientation domains where 12 (21.4%) and 32 (57.1%)
participants respectively obtained the maximum possible score. For the
total scale only one participant achieved the maximum and minimum

possible scores as shown in Table 7.
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Chapter V
Discussion

This study aimed to translate and cross-culturally adapt the mini-
BESTest to Arabic language and to evaluate its psychometric properties
for patients with neurological balance disorders. The results of face and
content validity and psychometric properties are adequate. This study
reported the sensitivity and specificity of the mini-BESTest-Ar which can
assist rehabilitation professionals and researchers in interpreting their
results.

In the validation of an instrument, reflection of population of interests
Is critical (de Vet et al., 2011). So that, we recruited different neurological
conditions to ensure the heterogeneity of the sample. Hence, the results
may be generalized to an enormous group of people with neurological
diseases.

Beaton et al. (Beaton et al., 2000) presented a six-stage approach for
transcultural adaptation and translation of self-reported measures, which
they used in their research. One important distinction between self-reported
and observational clinical assessments is that instructions for self-reported

measures are directed at the person being
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evaluated, whereas instructions for clinical measurement instruments like
the mini-BESTest are primarily directed at the rehabilitation professional
performing the evaluation. The adoption of standardized language by
rehabilitation experts is important to maximize the validity and reliability
and unify the language of this assessment tool.

Only a few adjustments such as the use of international metric
measurements were made during stage 5 based on the feedback from the
participating physical therapists. The therapists thought the Arabic version
was understandable and comparable to the original. These findings are
consistent with past translation studies (Sofia et al., 2016; Lemay et al.,
2019; Bustamante-Contreras et al., 2020; Cramer et al., 2020).

Measuring scale’s content validity is crucial for enhancing the
construct validity of an instrument (Yusoff, 2019). Polit et al., 2007
confirmed that three experts are the minimum needed for a content
validation effort (Polit et al., 2007). The number of experts in our study
(experts = 5) was appropriate. The values of I-CVI, S-CVI, and S-CVI/UA
were equal 1 for each which are considered excellent. The value of S-CVI
in this study is higher than Spanish version (S-CVI = 0.98)(Bustamante-
Contreras et al., 2020). Excellent K* was achieved due the adequate
number of experts, as if the number of experts increases the possibility of

chance agreement decreases.
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Fortunately, 90% of our predefined 10 hypotheses was confirmed
indicating that mini-BESTest-Ar had good construct validity. The results
revealed high correlation between mini-BESTest-Ar total score and A-
BBS. These results nearly concurs with preceding validity studies
correlated mini-BESTest with BBS (Tsang et al., 2013; Godi et al., 2013;
Sofiaetal., 2016). On the other hand, the r value was higher than Japanese
version (r = 0.66) (Oyama et al., 2018) and lower than the values reported
by Lampropoulou et al., 2019 (r=0.92), Winairuk et al., 2019 (r=0.95), and
Cramer et al., 2020 (r=0.93). The discrepancy may be due to variety of
balance disorders collected in this study to ensure the test's applicability in
a wide range of abnormalities (Sofia et al., 2016; Hamre et al., 2017;
Lemay et al., 2019).

In terms of test domains, there were a moderate to high correlations
between the four domains of the mini-BESTest-Ar and the A-BBS.
However , the r values are lower than those reported by Potter et al., 2019
who found excellent correlations between the total score of BBS and each
domain of the mini-BESTest, the rho ranged from = 0.82 (Reactive

Postural Control) to 0.94 (Stability in Gait) (Potter et al., 2019).
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Specifically, there were moderate to high correlation between the
total and domains scores of mini-BESTest-Ar and A-DGI except sensory
orientation domain (rho=0.38). This is because, the DGI doesn’t include
items to test the static balance such as: stand with eyes open and eyes
closed for evaluating the risk of falling (Miqgdad et al., 2017).

Only one study tested the correlation between the mini-BESTest and
DGI in elderly people with r = 0.80, 0.83, 0.84, and 1 for normal
participants, paresis, parkinsonism, and vertigo patients respectively which
was much higher than ours (Miqdad et al., 2017).

Mini-BESTest, on the other hand, showed moderate to high
correlation with ABC (Tsang et al., 2013; Jacome et al., 2016; Potter et al.,
2019), as well as significant correlation with TUG (Bergstrometal., 2012;
Sofia et al., 2016; Lampropoulou et al., 2019; Duchesne et al., 2020;
Cramer et al., 2020).

This study revealed excellent internal consistency of mini-BESTest-
Ar. The a value for total score was 0.96 which confirms the homogeneity
of the test. This finding correlates with the already reported values in
numerous studies with different samples with a ranged from 0.89 to 0.96
(Di Carlo et al., 2016). Moreover, in this study, the value of o was higher
than that of Greek, German, and Spanish (0=0.88,0.90,and 0.85
respectively) (Sofia et al., 2016; Cramer et al., 2020; Bustamante-

Contreras et al., 2020). The four domains of mini-BESTest demonstrated
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very good internal consistency which is similar to previous studies with a
ranged from 0.77 to 0.94 (Lofgren et al., 2014; Dominguez-Olivan et al.,
2020).

In term of test-retest reliability, mini-BESTest-Ar showed excellent
reliability with 1CC,; = 0.95, 95% CI= 0.88- 0.98 for total score which
nearly equal to the previous studies (Sofia et al., 2016; Potter et al., 2019),
Potter et al., 2019). However, mini-BESTest-Ar’s ICC is higher than the
value reported by Anson et al., 2019 (ICC = 0.84, 95% CI 0.73-0.90)
(Anson et al., 2019).

Regarding the reproducibility of the test domains, the values of ICC
were varied from 0.81 to 0.94 which are higher than those reported in
Norwegian study (0.53-0.87) (Hamre et al., 2017), lower than ICC values
reported by Winairuk et al., 2019 (0.95 — 0.98) and Naghdi et al., 2020,
and nearly equal to ICCs estimated by Potter et al., 2019 (0.85 — 0.92).

The absolute reliability is possibly the most important reliability test
for clinical uses (Hamre et al., 2017). In our study it’s represented with
SEM, MDCgs5, MDC%, and LOA.. For the mini-BESTest-Ar total score, the
SEM and MDCgs generated during our study fall well within the range of
what was previously reported in the systematic review by Di Carlo et al.,
2016 (SEM=0.86 —1.26) and (MDCgs= 3 - 4.1) (Di Carlo et al., 2016). In
French version, the SEM = 1.05 and MDCgs =2.91 (Lemay et al., 2019)

and for the Norwegian version the SEM =1.78 and 1.88 (Hamre et al.,
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2017), which are nearly comparable to our value. In addition, our results
were supported by the results of potter et al., 2019 (SEM = 1.32, MDCgs =
3.74), and recently by a study applied on stroke patients with the SEM =
1.1 and MDCys = 3.2 (Potter et al., 2019; Beauchamp et al., 2021).

Regarding to the tests” domains, our results were similar to Potter et
al., 2019, higher than Dominguez-Olivan et al., 2020 , and slightly lower
than Beauchamp et al., 2021 (Potter et al., 2019; Dominguez-Olivan et al.,
2020; Beauchamp et al., 2021).This may be explained by differences in
protocols between the studies.

Our MDCgs value (3.29) was near to the value of 3 reported by Tsang
et al., 2013 and confirms that a change between 3 and 5 points on this scale
Is required to be considered as a real change (Tsang et al., 2013).
Subsequently, the small SEM of total score of mini-BESTest-Ar
suggesting that it is a precise test with little measurement errors (Potter et
al., 2019). The MDC values provide clinicians with useful parameters for
interpreting changes in patients' functions and setting goals. The MDC%
(16.45%) was acceptable and higher than the reported MDC% in patients
with COPD (14.9%) and in patients with spinal cord injury (13.7%)

(Jacome et al., 2016; Roy et al., 2021).
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The homoscedasticity of variations between scoring, seen on the
Bland-Altman plot proves the absence of systematic errors and supports
the use of an absolute versus relative MDCgs (Lemay et al., 2019).
Meanwhile, Bland-Altman plot was performed since that high correlation
do not necessarily imply an agreement (Cramer et al., 2020). Our results
are compatible with previous studies (Jacome et al., 2016; Lemay et al.,
2019; Cramer et al., 2020).

With AUC=0.85, it was higher than we anticipated. In a systematic
review by Di Carlo et al., the ROC was used in nine studies to distinguish
between different populations such as Parkinson's disease, stroke, and the
elderly. Our values fall well within the AUC range of 0.64 to 0.91,
sensitivity of 62 % to 89 %, and specificity of 64% to 81% (Di Carlo et al.,
2016).

One study on myotonic dystrophy patients had similar value as in this
study (AUC =0.87) (Duchesne et al., 2020). Meanwhile, two studies
measured the ability of mini-BESTest to distinguish between improved and
unchanged stroke patients have lower values of AUC (0.71 to 0.77)
(Winairuk et al., 2019; Beauchamp et al., 2021), with sensitivity of one
study of 93% and specificity of 43% which are unsimilar to our values

(Winairuk et al., 2019).
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Two studies were conducted to assess the ability of mini-BESTest to
determine the fall status on COPD and PD patients had an AUC ranged
0.65 — 0.74 with sensitivity starting from 52% to 68% and specificity
starting from 65% to 70% (JAcome et al., 2016; Schlenstedt et al., 2016).

Additionally, we found no floor effect for the total and domains scores
of mini-BESTest-Ar which is consistent with earlier researches in different
populations (Sofia et al., 2016; Hamre et al., 2017; Lemay et al., 2019;
Bustamante-Contreras et al., 2020; Cramer et al., 2020). Mini- BESTest,
on the other hand, demonstrated a floor effect at baseline only in a 2019
study on patients with subacute stroke, and authors justified this by that
mini-BESTest containing some items that are more difficult to do by
patients with subacute stroke (Winairuk et al., 2019).

In line with our findings, a research of MS patients conducted in 2019
revealed ceiling effects in two domains: reactive postural control (37.5%)
and sensory orientation (53.1%)(Potter et al., 2019). Based on the
literature, they suggested that the clinicians should apply the whole test on
the patients; because few patients did well in some domains but not in the

entire test (Potter et al., 2019).
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Furthermore, in our study, only one participant received the minimum
and maximum total mini-BESTest-Ar score. These results may be due to
the recruitment of participants who are independently ambulatory with
different walking capabilities (Lemay et al., 2019; Potter et al., 2019).
Limitations

Several limitations of this study need to be acknowledged. The
sample size was relatively small, even though it was higher than previous
studies (Leddy et al., 2011; Bergstrom et al., 2012; Maia et al., 2013;
Lofgren et al., 2014; Jacome et al., 2016; Hamre et al., 2017; Oyama et al.,
2018; Potter et al., 2019; Cramer et al., 2020; Naghdi et al., 2020). Due to
the relatively small sample size, we were unable to test further
psychometric properties such as confirmatory factor analysis. Another
issue was the convenience sample that was used, which affected the extent
of the results produced.

Furthermore, the sample was drawn from a single Arab country
(Saudi Arabia) however, this will have a minor impact on the
generalizability of the results because the mini-BESTest was translated and
adapted using Modern Standard Arabic, which is the language used in
books, newspapers, magazines, media, formal speech, and
communications, as well as the most common form of Arabic taught in
primary schools in all Arab countries. Finally, the participants were

ambulatory, which may have contributed to the lack of a floor effect;
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additionally, results could not be generalized to patients with cognitive and
severe neurological disabilities.
Clinical implications

This study provided a comprehensive, valid, reliable, and sensitive
tool to assess balance and help decision making for Arabic patients with

neurological balance impairment.
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Chapter VI

Summary

Summary
Background

Balance is an essential part in everyday movement and activity and
is controlled by interacting of different physiological systems, which are
influenced by numerous types of disorders which may cause balance
impairments. Mini-BESTest is an assessment tool developed to
comprehensively assess balance and detect which balance system fault
leads to imbalance. Mini-BESTest is a short form of the BESTest which
integrates clinical balance tests already in use with new items.

Its easiness in use, capability to detect the affected system of balance
control, and the good psychometric properties make it a valuable tool for
balance assessment. The test contains four domains: anticipatory postural
adjustments, postural response, sensory orientation, and gait stability with
14-items. Each item rated on a 3-level ordinal scale ranging from O (severe
balance impairment) to 2 (no balance impairment) with 28 as a global test
score. The higher score indicates better balance.

Mini-BESTest has been validated on different populations and
translated to various languages. However, no prescribed Arabic version of

the mini-BESTest is available.
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Objectives
This study aimed to:

1. Translate and cross-culturally adapt the mini-BESTest to Arabic
language.

2. Investigate the construct validity of the of mini-BESTest-Avr.

3. Investigate the relative test-retest reliability and internal consistency
of mini-BESTest-Ar.

4. Investigate the absolute reliability (measurement of error, MDCgs.
MDC%, and LOA between the mini-BESTest-Ar scores at baseline
and the subsequent administration).

5. Examine the floor and ceiling effects.

6. Examine the responsiveness, accuracy, and sensitivity to change for
mini-BESTest-Ar.

Method

Mini-BESTest was translated and culturally adapted according to the
established guidelines by Beaton et al., 2000, to then obtain face and
content validity by an expert committee. It was piloted to 5 physical
therapists for word comprehension and pre-tested on 10 patients with
different neurological disorders. Psychometric properties of the mini-
BESTest-Ar were investigated on a convenience sample of 56
participants aged from 18 to 71 year: 38 men and 18 women. They were

recruited from Prince Sultan bin Abdul-Aziz Humanitarian city. The
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collected data were statistically treated using IBM SPSS (version 18); a
statistically significant level was set at 0.05. Data were represented as
mean + SD for normally distributed variables, and as median and range
for non-normally distributed variables.

To confirm the construct validity of mini-BESTest-Ar, it was
correlated with A-BBS-and the A-DGI. According to the normality test,
either Pearson or Spearman correlations were used.

Relative reliability was determined by calculating (1) Internal
consistency using Cronbach a, (2) Test-retest reliability using ICC; and
Pearson’s/Spearman’s correlation with 7- 10 days interval.

Absolute reliability with, SEM, MDCg, MDC% and LOA were
examined. Furthermore, the diagnostic accuracy: AUC, cut-off point,
sensitivity, and specificity of mini-BESTest-Ar were estimated using ROC
curve. Finally, floor and ceiling effects were measured.

Findings.
The results showed:
1. The translation process was completed without any difficulties. The
comprehension and relevance of the scale were confirmed.
2. The experts committee advised to replace "dynamic speed” by
“walking speed”. The test's units were all changed to the worldwide

metric system (feet to meters, inches to centimeters).
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3. Fifty-six participants with different neurological conditions were
recruited with median and range of age of 34 and 53 respectively
(min.:18, max.:71 year).

4. The mean = SD of BMI was 26.6 + 5.6. Most of the participants
(67.9%) were men. About 35.7% were diagnosed with stroke
followed by TBI (28.6 %) and SCI (14.3%).

5. The results of content validity elaborated excellent I-CVI for all
items (I-CVI=1). The S-CVI was excellent, with values of 1 for both
(S-CVI/Ave) and (S-CVI/UA). The P value was 0.031 for all items
and K™ for each item was excellent (>0.74)

6. The total score of mini-BESTest-Ar, as well as its four domains
demonstrated high to moderate significant positive correlation with
A-BBS: r=0.80 for total. For domains, r value ranged from 0.81
(Sensory orientation) to 0.62 (Dynamic gait).

7. Regarding the A-DGI, there was a moderate to high positive
correlation with the total mini-BESTest-Ar score and its four
domains except sensory orientation domain (rho=0.38, P= 0.004).

8. The results confirmed 90% of our predefined 10 hypotheses
indicating that mini-BESTest-Ar had very good construct validity.
The total score of mini-BESTest-Ar showed excellent internal

consistency (o =0.96), while for its domains, it ranged from 0.81
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(reactive postural control domain) to 0.94 (anticipatory domain).
The test-retest reliability of the total score was (ICC;, 1= 0.95, 95%
Cl=0.88- 0.98). For domains, the ICC,; ranged from 0.81 (reactive
postural control domain) to 0.94 (anticipatory domain). The four
domains had moderate to high test-retest reliability, with r values
=0.68, P =0.00 and 0.90, P =0.00 for reactive postural control and
anticipatory domain  respectively.  Furthermore, Pearson's
correlation for total score yielded excellent results (r = 0.92, P =
0.00).

9. The mini-BESTest-Ar showed SEM=1.19, MDCg=3.29, and
MDC%=16.45%. The SEM for the domains varied from 0.31
(sensory orientation) to 0.88 (reactive postural control). The MDCogs
ranged from 0.86 (sensory orientation) to 2.43 (reactive postural
control) across the four domains. The Bland-Altman analysis
showed no measurement errors or proportional bias.

10.The sensitivity of mini-BESTest-Ar was tested with 29 participants.
An AUC value of =0.85 which confirm moderate accuracy. With
cutoff point=21.5, the sensitivity =75% and specificity =75%.

11. No floor effect was reported for the total and domains’ score of
mini-BESTest-Ar. All domains had no ceiling effect except reactive

postural control (21.4%) and sensory orientation domains (57.1%).
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For the total scale only one participant achieved the maximum and
minimum possible scores.
Conclusion
The mini-BESTest-Ar is comprehensible and clear. Excellent
psychometric properties verify that mini-BESTest-Ar could be applied to
Arabic adult patients with different neurological balance disorders in
rehabilitation and research settings.
Recommendations

1. It is highly recommended to validate the mini-BESTest-Ar on a
specific balance disorder with more homogenous sample to confirm
its validity to measure dynamic and static balance.

2. Further studies with considerably larger sample size are
recommended to investigate other psychometric properties such as
confirmatory factor analysis.

3. Further studies may include severe cases such as non-ambulatory
patients or ambulatory with different assistive devices other than the
cane, cognitive disorders, and pervious to rehabilitation program. It
was supposed to measure balance periodically during rehabilitation

using mini-BESTest to measure its ability to detect changes.
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mandale responding to IRB's periodie request amd surveillonce result. Deawing your altendion 1o the

Tallpwing:

Fepe Lol2
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Aawendmiend of the project with the required modification to providing Perdodical repart Tor
thiz project specinlly when study extension is required or espiry before study eamplelion

Al unforeseen events that might affiect comtinued ethical acceplability ol the project shauld be
repoeted 10 the IRE as spon a3 poasible

Amny serivus unexpected ndverse events should be reported within 48 hours (2 days)

Personal idanti fying data should only be collecied when oceazary for research.

Secondary disclosure of persenal deatlfinble data is not allowed.

Manitaring: prajects may be suhject to an audii by the [RE ol nny time,

The I'lis respansible for the storge nnd retention of original data pertaining 1o 1he project for
a minamurn period of five (5} years.

Data should be slored securely so that & few awmbhorized users ore permiticd secess 1o the
dlalabases

The IRD registered with the 1IR3 KACST Registralion Mo, 11-01-R-000, 18 is autharized fo conduct the
cthical review of clinic studies and operates I accordance with [CH-GCP Guidelines and all
applicable nationalBocn] and instittional repulsions and guidelines which govern Good Clisical

Practices,

For Future Comespondence, please quote the project nuember and project title obove and you are
requesiesl to keep IRB informed about youwr stedy progres and submilt projeet propress repart every
six (6} months, A final report showld be provided upon completion of the study.

Wisle you s success in your rescarch project.

Wours sincerely,

>

Frof. Khalid Al-Hoheann
Chalrman-TRLE
Sultin Bin Ahdulaziz Homonitarion City

Paga 2al2
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Appendix 8.3: Informed consent
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Appendix 8.4: Permission from the main developer of the test

Fay Horak 10:27 pm
ID 439204063, Edward King <aw sl 4 :

Sounds like a great idea to translate the MiniBESTest into
Arabic. Once you do that and | approve the
backtranslation, we can published it with your contact info
on the BESTest.us website.

Thank you, | will do that. Thank you! Will do.

<& v Replyto All
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Appendix 8.5: Mini-BESTest-Ar
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Appendix 8.8: GROC

LifeConnections Health Center

Murturing health through the human connection
Services dellversd by Morth First Street Medical Group

GLOBAL RATING OF CHANGE SCALE (GROC)

Thank you for the opportunity to assist in your rehabilitation. The following rating scale allows us to
review the overall outcome of your condition with physical therapy intervention. It allows us to
review your physical therapy cutcome, which helps guide our treatment to better serve our pafients
in the future, The Global Rating of Change (GROC) has been well documented and extansively
used in research as an outcoma measure as well as fo compara oulcome Measures.

Please rate the overall condition of your injured body part or region FROM THE TIME THAT YOU
BEGAN TREATMENT UNTIL NOW [Check only one):

[ A very great deal warse (-7) About the same (D) [ A very great deal better (7)

[ A great deal worse (-6) | A great deal better (6)
[ Quite a bit worse (-5) T Quite a bit better (5)
™ Moderately worse (-4) T Moderately belter (4)
| Somewhal worse (-3) Somewhal better (3)

[ A little bit worse (-2) | & little bit better (2)

[ A tiny bit worse (-1) A tiny bit better (1)

From: Jaeschke R, Singer J, Guyatt GH. Measurement of health status. Ascertaining the minimal clinically important
difference. Control Clin Trials 1989: 407-15.

* 3571 North First Street, Suite 200 * San Jose, CA 95134 -
* Phone: 424.2000 - Fax: 408.321.8710 -
www.ciscolifeconnections.com
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Appendix 8.9: Approval of the backward English translation from the
main developer of the test

Subject: Re: Arabic version and the back translation of the Mini-BESTest

Thanks for the reminder.
It is really excellent so | approve the translation. However, we no longer suggest Temper foam as it is
difficult to get and expensive so Airex foam 2 inches thick works fine.

104



Arabic Abstract



g..lJ.I.J\ galidiwall 105

s ) palii)

SOA () sl bl Sl Udla 5 Ui ysamall 31 sill dadail i HLSA) ey Cnl) A1
BoRedn e Aduidie aa i Y el mag o Slall

ARl e HLEN 483 5 ¢ yraaal) ) sl Aadail apds i) des i ) Al ) cdan CilaaY)
gmand) 03153 Sl sl e e 4 e Spadl aailiad e @Bl 5 oy el

Ay e sSend) Gaibiadl) il y dpadate 4l Auad al) £ 8

Dlaall (85 A el ARl e 483 i1 5 il () sl Aadail api HUAAS a5 Ay
& jidia (56)le JLiaY! (e all Aaill 4y yia Soull (aibiadl) (e $oaill o5 Ler J sanall
aa lact = ol i (315l 185 Sla; 38) a5 (crmandl o) 5l bl lacial (e () ila AS jidia g
Lle 71-18 o

Dliad (e A padl daiill 5 ¢ )53l (7 ) DA (e A pad) daiil) pe ALl Baall (ul o
o(Flus S ) alasialy Al LAY 5 (O sme ) Bl ) alasiinly Saalipall oSl 55a
(Osmw) By (ICC) (Anlall bl ¥ Jales aladiuly SLEAY) 3ale) 44 jlay LAl
b emlll) Uasdl alaaiay Gubdll  Uaddl s 505k (e llaall bl Gl o3 @IS
(Ol 2331 5 ((MDCogs) %95 48 Jlas aa il o (5231 2l 5 ((SEM) skl
il il Gl 3 LS (ROC) Jifiusdll Jpaedii pailimds e aladiinly laiual) (i o5 LS
gl

Al cudagi ) adee Sy 4l sad (e S ge il graa (5 G50 0 JLERY) aa i)
e Ayl A3l & gane ge Udlag) 5 Wileas) aall ¢ ) sl dadail api JURT (e A sal)
¢(rh0=0.95) Sselnall Lhall jd5e (e 4 jall Al xa 5(r=0.80) 0 5l z o ksl

(Bl ¢ yelal G5 (0.81-0.38) dxili o ) Adamaa Jag) 5 3 cdasi ) Ao Hall Guliall g



g..\JA.J‘ gedAiwall 106

(1CC=0.95)g sanall JLidY) sdle) di sk pladiuly B ¢ (@ =0.96)3bee Llal
. (r=0.90-0.68 5 1CC=0.94-0.81) sc _ill Lunliall (r=0.92
(MDCg5=3.29) _ill (e oY) asll 5 ((SEM= 1.19) bl 3 ) Uadll) i LS
eiall it Aalial) s a8 Y Gkl 3 elbadl dsas axe glall 2B Jolas S
gl il Ll 9475=4ue 5ill 5 %75= dauluall ae 21,5 Juadll 4l 2 (AUC=0.85)
LAY e e 8 Ganliie S AN pilias g K15 can 5y D8

4 e sSaw paliad jraall ) sill ekl apd HLEaY Ay jell daall o ekl zlisiuy)
s jlaall 5 & ganll 8 daladin dpenl o Lae (i) bl jall 43l 138 5 5 lias
) (a yall e A )

Ayl Sl (ailiaddl ¢ raadl ¢ ) sl dadail s Ll o) sl AR clall)

‘5.\..4:1\ Q‘}\)ﬂ\ &L\\.,\\‘).L:..'A\



200 gmadl) A yall ASLad))

g2 dloll Es

A3 )
King Saud University L= e:‘l’-‘j s

Al Aglall o glall 440<

@A\dﬁiﬂ\e)h(wﬁ

oaibadll Jalat g AL (sl ; haal) ) il dakil andl AR (e A el Adiail)
mand) 0 il il jhadal o pa A A e sSad)
rahall 3l 8 iiealall ds e J seanl) cilillaial YleSin) Al )l o34 Cuadd
sAallal) Lgtias |

s gl pl )l ¢

b oo Ga) SIS

) ) caad

Cald daal Calde /o

1443 H-2022 G



