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Context/Objective: Incomplete spinal cord injury (iISCl) causes deficits in balance control. The Mini-Balance
Evaluation Systems Test (mini-BESTest) is a comprehensive measure; however, further testing of its
psychometric properties among the iSCI population is needed. We evaluated the mini-BESTest’s test-retest
reliability, and concurrent and convergent validity among individuals living with iSCI for more than one year.
Design: Cross-sectional study.

Setting: Rehabilitation hospital.

Participants: Twenty-one individuals with chronic motor iSCI (14 females, mean age 56.8 = 14.0 years).
Interventions: None.

Outcome Measures: Participants completed the mini-BESTest at two sessions spaced two weeks apart. At the
second session, participants performed tests of lower extremity muscle strength and quiet standing on a force
platform with eyes opened (EO) and eyes closed (EC). Intraclass correlation coefficients (ICC) evaluated test-
retest reliability. To evaluate concurrent and convergent validity, Pearson’s correlation coefficient (r) quantified
relationships between mini-BESTest scores and measures of center of pressure (COP) velocity during EO and
EC standing, and lower extremity muscle strength, respectively.

Results: Test-retest reliability of the mini-BESTest total score and sub-scale scores were high (ICC = 0.94-0.98).
Mini-BESTest scores were inversely correlated with COP velocity when standing with EO (r=0.54-0.71, P <
0.05), but not with EC. Lower extremity strength correlated strongly with mini-BESTest total scores (r= 0.73,
P < 0.001).

Conclusion: The mini-BESTest has high test-retest reliability, and concurrent and convergent validity in
individuals with chronic iSCI.
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Introduction

Maintaining one’s balance during everyday movements
is a complex skill that involves the coordination of
several dynamic sensorimotor processes.! Horak sum-

falls: static stability, underlying motor systems, func-
tional stability limits, verticality, reactive postural

marized the complex interactions underlying balance
control in the Systems Framework for Postural
Control, subsequently revised by Sibley et al..>* This
framework describes nine essential resources that are
imperative for maintaining balance and preventing
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control, anticipatory postural control, dynamic stability,
sensory integration, and cognitive influences.** The
Systems Framework for Postural Control provides
health care professionals with a means to conceptualize
balance control, ideally guiding the comprehensive
assessment and treatment of balance deficits in
rehabilitation.
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Spinal cord injury (SCI) causes interruption of the
sensorimotor processes underlying balance control,
resulting in balance deficits to varying degrees. The con-
sequences of balance deficits extend beyond a high rate
of falls and fall-related injuries to include a fear of
falling, restriction of activity, and decreased social inter-
action.” In order to improve balance control and conse-
quently increase the safety of movement for individuals
living with SCI, health care professionals must first
identify the underlying impairments contributing to
balance deficits, and subsequently target those impair-
ments in rehabilitation. Therefore, valid, reliable and
comprehensive measures of balance are needed in SCI
rehabilitation.®

Presently the Berg Balance Scale (BBS) is one of the
most commonly used balance measures among physical
therapists.” This measure is also frequently used in SCI
rehabilitation as it is included in the Standing and
Walking Assessment Tool of the Rick Hansen SCI
Registry® and the NeuroRecovery Network.” Although
the construct and concurrent validity of the BBS
among individuals with SCI has been established,®'" it
lacks predictive validity as the measure cannot predict
which individuals with SCI will and will not fall.'"!?
Further, a recent systematic review demonstrated that
the BBS did not assess all domains of the Systems
Framework for Postural Control suggesting limited
comprehensiveness.’ Of particular note is the absence
of an evaluation of reactive postural control in the
BBS.® Intact reactive responses, such as taking a reactive
step, are essential for preventing a fall.'>°

One of the only clinical scales that includes an evalu-
ation of reactive postural control is the mini-Balance
Evaluation Systems Test (mini-BESTest); this measure
was also found to be the most comprehensive balance
scale previously used with the incomplete SCI (iSCI)
population.® The mini-BESTest assesses balance
control in four areas (i.e. sub-scales): anticipatory pos-
tural adjustments, reactive postural control, sensory
orientation, and dynamic gait.'® It consists of 14 stand-
ing and walking tasks scored on a three-point ordinal
scale. In addition to being comprehensive, the mini-
BESTest has high clinical utility; however, further
testing of its psychometric properties among the SCI
population was recommended prior to use in clinical set-
tings.® Recently, psychometric evaluation of the mini-
BESTest among individuals living with SCI was investi-
gated in two studies.'” Jorgensen et al. demonstrated that
the mini-BESTest had high internal consistency, no
floor or ceiling effects, and high convergent validity
among individuals with chronic iSCI (ie. >1 year
post-injury).!” Convergent validity was demonstrated
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by moderately high correlations between scores on the
mini-BESTest and scores on other activity-level out-
comes that measure similar constructs: the BBS,
Timed Up and Go, Spinal Cord Independence
Measure, and gait speed.'”'® Further they demonstrated
that the mini-BESTest could discriminate between com-
munity walkers with iSCI who were and were not depen-
dent on gait aids, as well as between participants with a
low versus high concern about falling; though total
mini-BESTest scores could not discriminate between
infrequent and recurrent fallers.'” Roy et al. reported
that the total score and sub-scale scores of the mini-
BESTest had excellent inter-rater and test-retest
reliability (i.e. intraclass correlation coefficient (ICC)
>0.8) among individuals with sub-acute iSCI, with the
exception of the test-retest reliability of the reactive
postural control sub-scale (ICC = 0.72)."

The studies by Jergensen et al. and Roy et al. pro-
vided valuable insight into the psychometric character-
istics of the mini-BESTest for the SCI population;
however, the measure’s test-retest reliability in the
chronic SCI population has not been established;
reliability is critical for clinical use.” Moreover, the
concurrent validity of the mini-BESTest has not been
evaluated in any stage of recovery post-SCI, meaning
mini-BESTest scores have not been shown to correlate
with a “gold standard” measure of balance control.?!
Force platform-based measures of postural sway are
considered to be a gold standard measure of postural
control in standing,22 and to be more sensitive to vari-
ations in balance performance than clinical balance
scales, such as the BBS.>*?* Measures of postural
sway, such as the velocity of one’s center of pressure
(COP) during quiet standing, are the most commonly
used biomechanical measures of balance control in
research studies involving individuals living with SCI.®
These measures have proven valid and reliable in the
motor iSCI population.”*

The purpose of this study was to further investigate
the psychometric properties of the mini-BESTest
among individuals living with chronic motor iSCIL
Specifically, our objectives were twofold: (1) to evaluate
the test-retest reliability of the mini-BESTest; and (2) to
evaluate the measure’s concurrent and convergent val-
idity by examining correlations of the mini-BESTest
scores to force platform-based measures of postural
sway and lower extremity muscle strength, respectively.

Materials and methods

Individuals with motor iSCI attended two testing ses-
sions spaced two weeks apart at the Lyndhurst Center,
Toronto Rehabilitation Institute-University Health



Network (UHN). Approval for this study was obtained
from the Research Ethics Boards of the UHN and the
University of Toronto. Participants were recruited
through flyers advertising a longitudinal study evaluat-
ing the efficacy of a balance intervention for people
living with motor iSCIL.?* Individuals were included in
the study based on the following criteria: >18 years of
age; traumatic or non-progressive non-traumatic cause
of injury; injury or onset of neurological symptoms
occurred >1 year prior; injury rated C or D on the
American Spinal Injury Association Impairment Scale
(AIS); moderate level of trunk control (i.e. ability to
reach forward > 5 cm with an outstretched arm in stand-
ing); and no condition, other than their SCI, that
affected walking or balance ability (e.g. stroke).
Individuals were excluded from the study if they had
severe contractures or spasticity in the lower extremities
that interfered with maintaining an upright posture in
standing.

Eighteen participants with iSCI were required for the
first study aim: evaluating the test-retest reliability of the
mini-BESTest among individuals with motor iSCI. The
targeted sample size was calculated in Microsoft Excel
(Microsoft Corp., Redmond, WA) using previously
reported intraclass correlation coefficients (ICC) for
the test-retest reliability of the mini-BESTest examined
in individuals with sub-acute SCI (ICC = 0.94) and
other populations (ICC = 0.92).'%-?*?" The sample size
was calculated with 95% confidence and assumed two
observations per participant would be recorded.?”
Nineteen participants were required for the second
study aim: evaluating the concurrent validity of the
mini-BESTest. Correlations between scores on the
mini-BESTest and postural sway measures have not
been previously investigated in individuals with iSCI;
thus, the required sample size for the second study aim
was estimated using reported correlations between
scores on the BBS and measures of postural sway in
individuals with iSCI.?* The targeted sample size was
calculated in MedCalc (MedCalc Software, Ostend,
Belgium) using an estimated r value of 0.60, an alpha
of 0.05 and desired power of 0.80.

At the first testing session, the mini-BESTest was
administered by a registered physical therapist. The
measure’s standardized instructions were followed for
its administration and scoring. At the second testing
session, participants completed the mini-BESTest as
well as measures of postural sway during standing and
lower extremity muscle strength. The measures of pos-
tural sway were administered by the research team,
while like the mini-BESTest, the manual test of lower
extremity muscle strength was administered by a
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registered physical therapist. The same physical thera-
pist completed all assessments, with the exception of
the assessments for one participant, which were com-
pleted by the study’s back-up physical therapist.”> The
two physical therapists were trained together in the stan-
dardized administration of the mini-BESTest and
manual muscle testing. Consistency between therapists
was confirmed by having the therapists complete an
assessment with the same study participant on the
same day. They obtained the same score on the mini-
BESTest and their total strength scores differed by
only 1.5 points out of a total possible score of 120
points.

Postural sway was collected during two conditions of
quiet standing, eyes open (EO) and eyes closed (EC).
Force plate measures of postural sway are valid and
reliable in the iSCI population.”* Participants were
asked to stand on a dual force plate (each plate
measured 251 x 502 mm, AccuSway Dual, Advanced
Mechanical Technology Inc., Watertown, NY, USA)
for a minimum of 30s and a maximum of 150 s in
each condition. As the reliability of postural sway
measures are known to increase with increasing
sample duration, we aimed to collect data for up to
150 s.® However, participants were instructed to end
the trial if they began to fatigue. The data were collected
with a sampling frequency of 2000Hz (Cortex ver. 4,
Motion Analysis Corp., Rohnert Park, CA, USA).
Participants were instructed to place their arms across
their chest and position their feet in a pre-determined
position on the force plates based on data of young
and older adults.”® Participants were assisted into this
standardized position as required. Participants donned
a safety harness (Robertson Harness Inc., Ft. Collins,
CO, USA), which did not provide any body weight
support, attached to a ceiling fixture during the
measurement of postural sway.

Lower extremity muscle strength is known to influ-
ence the mobility of individuals with iSCI and the
ability to recover balance after a perturbation.>**! For
these reasons, lower extremity muscle strength scores
were collected for the evaluation of convergent validity.
Manual muscle testing was used to evaluate the strength
of 12 lower extremity muscle groups bilaterally: hip
flexors, hips extensors, hip abductors, hip adductors,
hip external rotators, hip internal rotators, knee
flexors, knee extensors, ankle dorsiflexors, ankle plan-
tarflexors, ankle inverters, and ankle evertors.
Standardized testing positions were used with partici-
pants in supine, side-lying, or sitting positions depend-
ing on the strength of each muscle group against
gravity or resistance. Muscle strength was graded on a
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scale from 0 to 5 with a score of 0 indicating the absence
of a muscle contraction and a score of 5 indicating
normal muscular strength.** The highest possible score
for lower extremity strength was 120 (12 muscle
groups X 2 lower extremities X maximum score/
muscle group of 5). Manual muscle testing is a valid
and reliable method of evaluating strength in individuals
with iSCL*

Falls were prospectively tracked for an 8-month
period as part of the larger longitudinal study and are
reported here for descriptive purposes.”” Following the
second testing session, participants were asked to com-
plete a fall survey (online or paper-based) within 24 h
of having a fall, which was defined as an event in
which one comes to rest unintentionally on the
ground, floor, or another lower level.* A researcher
contacted the participants every three weeks during
the follow-up period to ensure the occurrence of falls
was being documented.

Data analysis

Descriptive variables, mini-BESTest scores, lower extre-
mity strength scores, and COP parameters were reported
as mean (standard deviation (SD)). Individuals who
experienced at least one fall were considered fallers,
whilst those who did not experience any falls were con-
sidered non-fallers.

The ground reaction force and COP analog data were
filtered using a 4th-order Butterworth low-pass filter
with a cutoff frequency of 4 Hz. Each 150-second trial
was divided into five 30-second segments for further
analysis: COP data were de-meaned for each segment;
mean COP velocity was calculated by dividing the
total trajectory by the window length in both anterior-
posterior (AP) and medial-lateral (ML) directions.
These segments were analyzed as some participants
were unable to perform quiet standing in the EC con-
dition for the entire duration of the trial.

We evaluated the test-retest reliability of the mini-
BESTest total score and sub-scale scores (i.e. anticipat-
ory postural adjustments, reactive postural control,
sensory orientation, and dynamic gait) using a two-
way ICC for absolute agreement.** An ICC = 0.75
meets the minimum value to be considered acceptable
for clinical use.*”

To evaluate concurrent validity, Pearson’s correlation
(r) was calculated between mini-BESTest total scores
and measures of postural sway (i.e. COP velocity in
the AP and ML directions). The measures of postural
sway were also correlated to scores on the sensory orien-
tation sub-scale of the mini-BESTest, as two of the three
items of this sub-score are performed with eyes closed.
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To evaluate convergent validity, Pearson’s correlation
coefficient (r) was calculated between mini-BESTest
total scores and the scores of lower extremity muscle
strength. The Kolmogorov—Smirnov test of normality
was used to confirm the assumption of normality of
mini-BESTest scores and measures of postural sway.

Results

Twenty-one individuals with iSCI participated in this
study; see Table 1 for participant demographics.
Fourteen (66.7%) participants experienced at least one
fall during the 8-month follow-up period; these individ-
uals were classified as fallers.

Test-retest reliability

Total scores and sub-scale scores of the mini-BESTest
showed high test-retest reliability and exceeded the
threshold value for clinical use; ICC values ranged
0.94-0.98 (Table 2).

Concurrent validity

For the EO condition of quiet standing, total mini-
BESTest score and the sensory orientation sub-scale
score had moderately high to high inverse correlations
with COP velocity in both the AP and ML directions
(r =0.48-0.71). The correlations were higher for the
measures of COP velocity in the ML direction (see
Table 3 and Fig. 1). Hence, those with higher scores
on the mini-BESTest tended to show less postural
sway during quiet standing with eyes open. In contrast,
for the EC condition, there were no significant corre-
lations between mini-BESTest scores (total score or
sensory orientation sub-scale scores) and COP velocity
(Table 3). Three participants were unable to perform
quiet standing with EC; therefore, the analysis of this
condition included 18 participants.

Convergent validity

Lower extremity strength showed a strong correlation
with mini-BESTest total scores (r = 0.73, P < 0.001)
(see Fig. 2).

Discussion
The findings reported in this study support the use of the
mini-BESTest with the chronic iSCI population in clini-
cal practice, in accordance with the prior work of
Jorgensen and colleagues.'” We demonstrated that the
mini-BESTest possessed high test-retest reliability, con-
current validity and convergent validity among individ-
uals living with motor iSCI for more than one year.
The mini-BESTest is the most comprehensive clinical
scale of balance control that has been used with the SCI
population, and it has high clinical utility and is valid
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Table 1 Participant characteristics.

Age Level of Years post- Mini-BESTest LE Strength
Code Sex (years) injury Cause of injury injury Faller (/28) (/120)
1 F 61 C3 Surgery 1.0 Y 10 83.5
2 M 64 T6 Staph Infection 6.8 Y 6 80
3 F 54 T10 Surgery 1.0 N 4 75
4 F 32 C4 Stenosis 35 Y 25 92
5 M 70 T Osteomyelitis 1.8 N 19 104.5
6 M 60 C5 Bike fall 3.2 Y 25 115
7 F 43 T6 Meningioma 3.9 N 24 102.5
8 F 87 T4 Meningioma 2.6 N 22 94
9 F 57 c2 Transverse myelitis 29 Y 17 88
10 F 59 C1 Fall 1.1 N 4 815
11 M 49 T5 Tumor resection 21.1 Y 1 76
12 F 55 C5 Fall 9.1 Y 20 94
13 F 38 T4 AVM 1.3 Y 5 74.5
14 F 54 C4 Car accident 134 Y 14 78.5
15 M 56 L1 Virus 16.3 N 0 66.5
16 F 56 L5 Surgery 1.2 Y 20 725
17 F 69 T4 Virus 4.8 N 3 72
18 M 88 Cé Blood Clot 5.3 Y 15 83.5
19 F 38 T11 Gym accident (fall) 6.8 Y 26 91
20 M 51 C3 Gym accident 7.9 Y 15 97

(trampoline)

21 F 53 C4 Gym accident (fall) 38.6 Y 18 76
Mean (SD) or 14 F 56.9 7.3(9.0) 14 14.0 (8.7) 85.6 (12.5)
count 7M (14.0)

Notes: Mini-BESTest, Mini-Balance Evaluation Systems Test; LE, lower extremity; AVM, arteriovenous malformation.~ denotes neurological

level of injury.

and reliable.® Hence, one could argue that the mini-
BESTest is the preferred clinical tool for evaluating
balance control among individuals with motor iSCI.
Although the BBS is often used in SCI rehabilitation,®
it is a less comprehensive measure of balance control
and has a greater ceiling effect than the mini-
BESTest.*!%!” The mini-BESTest is not without its
limitations, however. For example, it does not include
evaluation of balance control during sitting; hence it is
not an appropriate measure for lower functioning indi-
viduals with SCI who cannot stand independently.
Indeed, the Standing and Walking Assessment Tool of
the Rick Hansen SCI Registry, which includes the
mini-BESTest as an optional measure primarily for
research, recommends introducing the mini-BESTest
once an individual can stand and step with a gait aid

Table 2 Evaluation of test-retest reliability.

ICC 95% ClI P value
Anticipatory 0.98 0.95-0.99 <0.01
Reactive 0.94 0.84-0.97 <0.01
Sensory 0.95 0.87-0.98 <0.01
Dynamic 0.97 0.93-0.99 <0.01
Total 0.98 0.95-0.99 <0.01

Notes: Intraclass correlations of the mini-BESTest scores. ICC,
intraclass correlation; Cl, confidence interval.

and no more than moderate physical assistance of
another person (i.e. Stage 2B).® In contrast, it is rec-
ommended that the BBS is used once an individual
can sit independently (i.e. Stage 1B).® Further, the
ordinal scale used to score the mini-BESTest items is
crude. With only three levels of response per item, the
measure may be lacking sensitivity. Prior work has
reported a change of 5 points on the mini-BESTest to
represent the minimal detectable change in individuals
with chronic iSCI?® and 4 points for those in the sub-
acute phase of injury;'” however, future research
should focus on a thorough evaluation of responsive-
ness, or sensitivity to change, of the mini-BESTest in
this population.

Table 3 Evaluation of concurrent validity.

Condition Direction Total () P value Sensory () P value

EO AP —0.56* 0.01 —0.48* 0.03
ML -0.71*  <0.01 —0.64* <0.01

EC AP -0.04 0.86 -0.23 0.36
ML 0.07 0.78 —-0.10 0.70

Notes: Pearson’s r between mini-BESTest scores and center

of pressure (COP) velocity in anterior-posterior (AP) and
medial-lateral (ML) directions. EO, eyes open; EC, eyes closed.
*P < 0.05.
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The lack of significant correlations between mini-
BESTest scores and postural sway in the EC condition
may be explained by previous work that demonstrated
a greater postural unsteadiness and heavier reliance on
vision to maintain balance in individuals with iSCI com-
pared to healthy controls.*>*® Arora ef al. demonstrated
that when participants with iSCI closed their eyes during
quiet standing, performance on measures of postural
sway varied with scores on measures of somatosensation
(i.e. cutaneous pressure sensitivity and propriocep-
tion).’® We did not collect objective information con-
cerning participants’ sensory function in this study,

Mini-BESTest vs LE Strength
120

110
100
90 e

80 ) °

LE MMT Score (/120)

70 =
o r=0.733

60
0 5 10 15 20 25 30
Mini-BESTest Score (/28)

® Fallers © Non-fallers
Figure2 Convergent validity: Correlation of mini-BESTest total

scores to lower extremity manual muscle testing scores. LE,
lower extremity; MMT, manual muscle testing.
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which may have provided greater insight into the lack
of correlation between mini-BESTest scores and pos-
tural sway with eyes closed.

Mini-BESTest scores have been shown to be predic-
tive of falls among older adults and people living with
other neurological conditions. Prior work conducted
with individuals with Parkinson’s disease and older
adults found high predictive validity of mini-BESTest
scores for the occurrence of falls.>’** Among a study
sample of individuals who had experienced a stroke,
the mini-BESTest was able to discriminate between indi-
viduals with and without a history of falling.* In pre-
vious work with the SCI population, mini-BESTest
total scores did not differ between individuals with
iSCI who were and were not recurrent fallers.'’
Likewise, in our study those participants classified as
fallers scored similarly on the mini-BESTest (mean =
15.5 (8.4), range 1-26) as those who did not fall
(mean = 11 (10.2), range 0-24) (Table 1).

The causes of falls among the SCI population are
multi-factorial in nature.” A variety of biological, behav-
ioral, socio-economic and environmental factors inter-
act to influence the likelihood of falls among
individuals with SCI.>*° Hence, it seems unlikely that
a single tool or scale, like the mini-BESTest,'® would
be able to accurately predict fall risk. Indeed, a recent
qualitative study involving semi-structured interviews



with hospital administrators suggested that fall risk
screening tools currently used in Canadian rehabilita-
tion hospitals are inadequate for the SCI population.*!
Although the mini-BESTest may not accurately predict
fall risk amongst the SCI population, the scale provides
a comprehensive, valid and reliable tool to quantify
balance control in clinical environments, which may
assist with treatment and discharge planning.

One limitation of this study is the greater proportion
of female participants, which does not reflect the
Canadian SCI population.** Participants were recruited
for a study investigating balance training,>> which may
explain the higher enrollment of females. Older
women and women who have experienced a stroke
have been found to have a greater fear of falling com-
pared to men in these studies.***® A fear of falling
may motivate participating in a balance training study.

Conclusion

We demonstrated that the mini-BESTest possesses high
test-retest reliability, concurrent validity, and convergent
validity among individuals living with chronic motor
iSCI. As the mini-BESTest has adequate psychometric
properties, high clinical utility, and is a comprehensive
balance measure, it is a valuable and useful tool for
iSCI rehabilitation.
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