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Abstract

Introduction. The aim of the study was to examine the ceiling effect of Berg Balance Scale (BBS) and Mini-BESTest (MBT)
and to determine the most difficult items of the two scales in a group of functionally fit older adults.
Methods. The total of 26 community-dwelling older adults were enrolled to the study. Their functional status and agility were
evaluated with the 10-meter walk test and Four-Square Step Test, respectively, followed by the BBS and MBT. The descriptive
statistics were used for data analysis.
Results. The participants’ functional status and agility were higher than the reported normative values for the age group. The
results of BBS indicated a very high ceiling effect; as many as 73.1% of participants obtained the highest score. When tested
by MBT, only 3.8% reached the highest score of the scale. The ceiling effect difference between BBS and MBT was statistically
significant (p < 0.001). The most difficult item was 360° turning for BBS and Timed Up and Go test with a cognitive task for MBT.
Conclusions. The MBT presents a significantly smaller ceiling effect and is therefore more suitable for assessing balance
even for balance trained older adults. The most difficult items of the two scales, i.e. 360° turning and Timed Up and Go test with
a cognitive task, may be used as a short screening tool.
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Introduction
Balance deficits can arise from impairments of the somatosensory, musculoskeletal, visual, and vestibular systems [1],
and have a significant negative impact on mobility and functional independence. Furthermore, impaired balance increases
the fall risk in older adults, as well as in individuals with chronic neurological conditions such as Parkinson’s disease, stroke,
or multiple sclerosis [2–4]. Approximately 30% of community-dwelling adults aged 65 years and older fall annually
[5] and the fall rates increase up to 50% in individuals older
than 80 years, while persons with chronic neurological conditions such as Parkinson’s disease, stroke, or multiple sclerosis fall even more frequently, with annual fall rates reaching
up to 70% [3, 5]. The most common and effective intervention
to improve balance and decrease the risk of falls is multicomponent, balance-specific exercise [5, 6].
A variety of measures have been developed to assess
balance and to monitor balance changes over time. Several
of these measures have been evaluated for their ability to predict the risk of falls. One of the most commonly used measures is Berg Balance Scale (BBS) [7]. It was originally designed
to assess the balance and risk of falls in community-dwelling
older adults [8], older adults living in nursing homes, and people after an acute stroke [9]. The psychometric properties of
BBS for community-dwelling older adults have been reported,
exhibiting excellent test-retest (inter-class correlation coefficient (ICC) = 0.91) and inter-rater (ICC = 0.97) reliability [10].
The original results were later revised by Marques et al. [11]

in a group of community-dwelling older adults where lower
ICC for inter-rater (ICC = 0.88) and test-retest (ICC = 0.50)
reliability were reported. Additionally, a low sensitivity to change
(effect size, 0.29; 95% confidence interval, 0.19–0.44) and
responsiveness (standardized response mean, 0.47; 95%
confidence interval, 0.27‒0.70) were observed [12].
Normative BBS data for community-dwelling older adults
have been published [13] and a minimal detectable change
of 3 to 5 points has been reported [14]. Additionally, the cutoff scores for fall prediction have been determined [10]. It
was, however, found later that BBS was unable to predict falls
in a sample of community-dwelling older adults who were
active and independent [15].
Since its introduction, BBS has been often considered
a ‘gold standard’ for balance assessment, despite its limitations [16]. Firstly, the BBS places too little focus on gait and
on the dynamic component of balance [5]. Thus, additional
balance tests are required for complete balance assessment,
which further burdens clinicians’ time. Secondly, the ceiling
effect, i.e. high percentage of individuals who reach the highest
attainable score of the measure (the upper limit), was reported as 22.5% for community-dwelling older adults [12,
15, 17]. Such a large ceiling effect prevents the use of the
tool in a group of more capable participants and/or when
substantial improvement between the first and the following tests is observed [12, 18].
To address the majority of balance components, Horak
et al. [19] developed the Balance Evaluation Systems Test
(BESTest), which consists of 36 items and covers a broad
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spectrum of performance tasks, including dynamic stability
and gait. The BESTest was designed to evaluate 9 balance
components that contribute to balance; however, it takes
about 45 minutes to administer [20]. To address the problem of long administration time, a shorter version, the MiniBESTest (MBT), was developed by Franchignoni et al. [21].
The MBT refers to 8 balance components and consists of 14
balance tasks [16] and takes only about 15–20 minutes to
administer [22]. The MBT has been validated, showing excellent inter-rater (ICC ≥ 0.91) and test-retest (ICC 0.88)
reliability [22] with the minimal detectable change of 3.5 points
and minimal clinically important change of 4 points [18].
The MBT ceiling effect was reported as non-existent or low
(2.1%) in individuals with various neurological conditions [18].
As the ceiling effect over 15% [23, 24] or 20% [25–27] is considered to be significant, MBT shows high resistance to maximum scoring. However, the ceiling effect of the BBS and
MBT for functionally fit older adults have not been reported.
The functional status of older adults may remain high well
into advanced age and does not necessarily correspond to
chronological age [28]. To maintain or improve the functional
status, more and more older adults participate in some sort
of balance maintenance or balance enhancement programs,
where different types of balance specific exercises are performed [29]. For more functionally fit older adults, an assessment tool with no or very low ceiling effect is therefore needed
to allow the evaluation of changes in time due to exercises or
due to the decline resulting from aging or disease. For BBS,
Godi et al. [18] reported that only individuals with severely
limited balance function did not reach the ceiling of the scale.
Their results indicate that BBS is not the first choice for balance assessment in the group of reasonably fit older adults.
There is also a concern that the ceiling could be reached
already at the baseline assessment, with the tool applied as
an outcome measure for balance training.
The purpose of this study was to compare the ceiling effect of BBS and MBT in a group of balance trained communitydwelling older adults and to determine the most difficult items
of each scale. We hypothesized that MBT would have lower
ceiling effect as compared with BBS.

Subjects and methods
An observational within-subject study of community-dwelling older adults who participated for 10 months, twice weekly
Table 1. Participants’ characteristics and functional status
Mean

SD

Range

Age (years)

70.1

6.1

61–85

Height (cm)

163.6

7.5

150–180

Weight (kg)

66.5

11.6

48–90

BMI (kg/m2)

24.9

2.9

18–33

Reported previous injuries

1.1

1.3

0–4

Reported number of medications

1.3

1.2

0–4

Weekly physical activity (days)

5.4

1.4

1–7

Walking speed (m/s)

1.4

0.2

0.9–1.5

Four-Square Step Test (s)

7.5

1.2

5–10

Characteristics

Functional status
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in balance-specific exercise program was conducted. The
inclusion criteria were healthy, independent daily life with the
ability to walk downstairs, while the exclusion criteria were
recent injury or condition affecting independent life. The total
of 26 older adults were enrolled to the study, 23 females and
3 males, with the average age of 70.1 ± 6.1 years. Their descriptive data are presented in Table 1. Prior to the enrolment,
the participants were informed of the study purpose and
procedures.

Balance program
The balance-specific exercise program was organized as
a multi-component program which has been described in
detail elsewhere [6, 30]. In brief, the following components
of balance were emphasized: (1) changing of the centre of
gravity (CoG) position; (2) shifting the CoG to the limits of
stability; (3) rotation of head and body around the vertical
axis; (4) standing and walking on a soft surface; (5) walking
over obstacles or on a narrow path; (6) multitasking.

Functional status measures
To determine the functional status of the participants, their
preferred walking speed and agility were evaluated. Walking
speed has been namely shown to reflect the functional and
physical health status of community-dwelling older adults [31].
The preferred walking speed (m/s) was assessed with a timed
10-meter walk test [32] in a well-lit corridor during a separate session. A 14-meter walkway was used, providing 2 additional meters of distance for both acceleration and deceleration, and trials were timed with a chronometer in the middle
10 meters [33]. The participants completed 3 consecutive
trials, and the means of the trials were calculated. Excellent
test-retest reliability (ICC > 0.93) of comfortable walking speed
has been reported for healthy adults [32] and older community-dwelling adults [34].
The Four-Square Step Test (FSST) was used to assess
agility, and was conducted prior to balance measures. FSST
is a timed test that requires stepping over low obstacles
(2.5 cm high) in 4 directions: forward, to the right, backward,
and to the left. One practice trial and 2 timed trials were
performed in clockwise direction, immediately followed by
anticlockwise direction [35], and the fastest time of the timed
trials was recorded. The trial was repeated if any of the obstacles was touched, balance was lost, or both feet were not
placed in the square [35, 36]. High inter-rater (ICC = 0.99)
and test-retest (ICC = 0.98) reliability in community-dwelling
older adults have been reported [35]. Normative data are
available for older adults in the age range of 70–80 years (n =
20; 18.1 ± 1.8 s) and 60‒70 years (n = 20; 16.3 ± 3.6 s) [37], as
well as for older adults residing in a nursing home (n = 20;
23.9 ± 14.5 s) [38].

Psychometric properties of the two evaluated
balance measures
BBS is a 14-item balance measure, rated on a 0 (very
limited performance, needs assistance) to 4 (independent
performance) scale, with the total of 56 points, where higher
scores indicate ‘better’ balance. BBS requires participants
to maintain positions of varying difficulty and to perform everyday tasks such as sit-to-stand transfer and single leg stance
[9, 39]. Persons with scores between 41 and 56 exhibit a low
fall risk and can move independently, individuals with scores
21 to 40 present a medium fall risk and need assistance
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when walking, whereas scores between 0 and 20 refer to
a high fall risk [10]. A more recently reported cut-off value
for BBS fall prediction lower than 48.5 points was found to
be predictive of falls (74% sensitivity, 72% specificity) in a group
of community-dwelling older adults [11].
MBT is comprised of 14 items scored from 0 (cannot perform) to 2 (normal performance). For items #3 (single-leg
stance) and #6 (compensatory lateral stepping), which are
assessed bilaterally, the lowest of the 2 scores is included
in the total score. For item #14 (Timed Up and Go test [TUG]
with a secondary cognitive task), gait slowing of more than
10% when compared with TUG time without a cognitive
task means decreasing the score by 1 point. The maximum
score for MBT is 28 points [18, 21, 39]. MBT cut-off scores
for fall predictions in community-dwelling older adults have
been reported by Marques et al. [11] as 19.5 points (74% sensitivity, 71% specificity).

Procedure
The testing was performed by a post-graduate physiotherapy student trained in all testing procedures in the biomechanical laboratory of the Faculty of Health Sciences,
University of Ljubljana, Slovenia. The gait speed was assessed in a separate session prior to balance testing. FSST
was carried out in the same session as BBS and MBT. Out
of the 2 compared balance measures, BBS was the first
one completed by each participant, followed by MBT. Testing order was the same for all the individuals, as originally
described [8–10, 21]. The participants did not require rest
periods during testing.

Data analysis
The Statistical Package for Social Sciences (SPSS 23,
SPSS Inc., Chicago, USA) was used for data analysis. Descriptive statistics were calculated for all measures. The ceiling effect of BBS and MBT was determined by calculating the
percentage of participants obtaining the maximal score. Additionally, significance was determined with the McNemar
test. According to several authors, ceiling effect may be considered as significant when more than 20% of the tested individuals reach the maximal score of the scale [25–27] while
others set this limit to 15% [23, 24]. Individual items of BBS
and MBT were further analysed and the percentages of the
participants who achieved the maximal score were calculated.

Ethical approval

The research related to human use has been complied with
all the relevant national regulations and institutional policies,
has followed the tenets of the Declaration of Helsinki, and
has been approved by the Slovenian Medical Ethics Committee (Ministry of Health, Ljubljana, Slovenia).

Informed consent

Informed consent has been obtained from all individuals
included in this study.

Results
The preferred walking speed (Table 1) was up to 21%
(range 11–21%) faster than the one reported in the normative data for that age group [32]. The participants’ agility, as
determined by FSST (Table 1), turned out better than that
reported in the normative data [37], indicating higher than average agility of the group.

Figure 1. Distribution of scores for (a) the Berg Balance Scale
and (b) Mini-BESTest, together with (c) a scatter plot showing
the relationship between Berg Balance Scale and Mini-BESTest,
where figures indicate the numbers of participants with the same
score. The axes were adjusted so that most of the areas with
no data points were omitted

The descriptive statistics for the balance tests in the group
of fit older participants were: mean BBS score, 55 ± 1.2 points
(range, 52–56); mean MBT, 25 ± 2.6 points (range, 16–28).
We further calculated the percentages of individuals who
obtained the highest score for BBS and MBT. As shown in
Figure 1a, 1b and 1c, BBS has a far larger ceiling effect than
MBT since 73.1% (19) of the participants achieved the maximal total score of 56 points as measured with BBS and only
3.9% (1) of the participants obtained the maximal 28 points
as measured with MBT. Those participants who achieved the
maximal number of points when assessed with BBS were
further analysed for the distribution of their MBT scores. Out
of those 19 participants, 1 person (5.3%) reached the maximal score of 28 points with MBT, 7 (36.8%) obtained 27 points,
4 (21.0%) 26 points, 3 (15.8%) 25 points and 24 points, and
1 of them (5.3%) obtained the lowest score of 21 points
(Figure 1c). The percentage of participants who achieved the
maximal number of points when assessed with BBS was significantly higher as compared with MBT (McNemar’s p < 0.001).

Distribution of scores and relationship between
BBS and MBT
For the purpose of presenting the order of most difficult
items of the 2 applied balance tests, the individual items of
BBS and MBT were ranked on the basis of the percentage
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Table 2. Individual items of the Berg Balance Scale and Mini-BESTest ranked from the most to least difficult on the basis
of the percentage of participants who failed to attain the maximal score
Level of difficulty
(% of failures)

Mini-BESTest item

Level of difficulty
(% of failures)

Turning by 360°

23.1

TUG, cognitive

80.8

Tandem stance

15.4

Compensatory stepping, backward

38.5

Reaching forward

7.7

Gait with pivot turn

38.5

One leg stance

3.9

Rise to toes

32.3

Stepping

0

One leg stance

30.8

Looking backwards

0

Compensatory stepping, lateral

26.9

Retrieving object from the floor

0

Eyes closed foam

19.2

Standing with feet together

0

Changing of gait speed

11.5

Standing with eyes closed

0

Obstacle crossing

3.9

Sitting from chair to chair

0

Turning head during gate

3.9

Sitting down

0

Compensatory stepping, forward

3.9

Standing up

0

Inclined surface, eyes closed

3.9

Unsupported standing

0

Eyes open stance

0

Unsupported sitting

0

Sit to stand

0

Berg Balance Scale item

TUG – Timed Up and Go test

of participants who did not achieve the maximal score in
that particular item (Table 2). The results show that the most
difficult balance item in BBS was 360° turning (23.1% of the
participants did not achieve the maximum score of 4). For
the MBT, the dual task proved to be the most difficult item,
with 80.8% of the participants not obtaining the maximal
score of 2. The second most difficult item of MBT was compensatory stepping backwards (the participant leans backwards into the therapist’s hands and the support is suddenly released), with 38.5% of the participants who did not
achieve the maximal score, followed by gait with pivot turn
(walking and, on command, stopping and making a 180°
turn); the fourth place with regard to difficulty in MBT was
rise to toes (32.3% of the participants did not achieve the
score of 2). The detailed ranking of individual items for both
scales is presented in Table 2.

Discussion
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The purpose of the paper was to evaluate and compare
the ceiling effects of BBS and MBT and to determine the most
difficult items of both balance scales in a group of communitydwelling older adults with high functional status. The results
show that MBT has a significantly smaller ceiling effect as
compared with BBS. In the group of participants, only 3.8%
reached the maximal score when tested with MBT and as
many as 73.1% when tested with BBS. No previous studies
reported such a high ceiling effect of BBS although the ceiling effect of BBS was determined in various populations,
such as community-dwelling older adults [11, 12, 15, 17], individuals with chronic stroke [27, 40, 41], persons with paraplegia and tetraplegia [42], individuals with Parkinson’s
disease [34, 39] and multiple sclerosis [43], with the results
ranging from 22.5% to 38%. For a group of patients with
balance disorders, Godi et al. [18] reported a pronounced
ceiling effect after finishing an exercise program, indicating
that BBS responsiveness to change is limited in certain pa-

tient groups. The differences between previous reports and
the current one can be attributed to a very high functional
status of our group.
The studies on the ceiling effect of MBT are few. Godi et al.
[18] observed a significantly lower ceiling effect for MBT (10%)
as compared with BBS (50%). King et al. [39] also reported
a significantly lower ceiling effect of MBT in a group of patients
with mild Parkinson’s disease. Our study is the first documented assessment of the ceiling effect of MBT in a group
of older adults with very high functional status.
MBT was designed to overcome the weakness of other
established balance tests, including BBS, which predominantly assess the static domain of balance [16]. According
to the Systems Framework for Postural Control, the 2 balance
tests used in our study include different numbers of balance
components from the 9 proposed ones (static stability, underlying motor systems, functional stability limits, verticality,
reactive postural control, anticipatory postural control, dynamic
stability, sensory integration, cognitive influences) [16]. Out
of the 2 assessed balance measures, BBS refers to 6 components and MBT includes 8 balance components. The overlapping components of both tests are static stability, underlying motor systems, anticipatory postural control, dynamic
stability, and sensory integration; whereas verticality, reactive postural control, and cognitive influences are components
assessed only by MBT, and functional stability limits are
included in BBS only [16].
The most difficult items (individual items where the highest
percentage of participants did not achieve the maximal score)
of MBT and BBS indicate 3 balance components: cognitive
(dual tasking), assessed only by MBT, as well as dynamic
balance and reduced base of support, determined by both
scales. In the present group, the most demanding item of
MBT was the TUG test with a cognitive task, with 80.8% of
sub-maximal results. Only 5 participants (19.2%) decreased
their walking speed for less than 10% without errors in the
concurrent subtraction task. These results are in agreement
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with the previous research by Hausdorff et al. [44], who reported that 93% of older adults demonstrated a decrease of
preferred walking speed when a subtraction task was added.
The observed changes of TUG with an additional cognitive
task vary between studies. Toulotte et al. [45] noted a 4%
increase of time for non-fallers and 12% for fallers. In that
study, as in ours, the preferred walking speed was used, while
Shumway-Cook et al. [46] assessed fast walking speed and
reported a 15% increase of time to complete the TUG test.
The most demanding item of the BBS was turning by 360°,
where 23.1% of the participants did not achieve the maximal
score, indicating slowness in turning around the vertical axis.
This movement is a part of everyday functional activities, such
as changing walking direction or changing siting positions
(e.g. from chair to chair or from chair to bed), and requires,
besides weight shift, also additional stabilization of gaze.
Turning by 360° is usually not the last item tested with BBS.
Our results indicate that the order of tasks within the scale
should be changed if the concept of increasing difficulty is
to be followed. Turning by 360° as an independent performance measure has been found to be able to predict the
onset of functional dependency [47]. It has been recommended
as part of standard performance test battery for early identifying functional decline [48]. The present results indicate
that turning by 360° and cognitive TUG could be used as
a short screening tool for detecting early discrete balance
impairments in a group of highly functional elderly to whom
specific balance training could be advised.
BBS is often applied as a functional outcome measure for
balance specific exercise programs [12, 30, 49, 50]. However, the recommendations for exercise and physical activity
for older adults to maintain balance emphasize increased
activity also among those whose functional decline may not
yet be significant [29]. Therefore, an increase in the numbers
of fit older adults who participate in balance maintenance
programs has indicated a need for scales with more balance
demanding items. Although the reported convergent [18] and
concurrent [11] validity of BBS and MBT are high, the lower
ceiling effect of MBT points at its higher suitability for the assessment of older persons with still well-preserved balance
[18]. MBT responsiveness to change has been reported for
patients with different balance disorders [18], while its responsiveness to change for the community-dwelling older adults
with high functional status needs to be further established.

Limitations
The main limitation of the present study is its rather small
sample size. However, given the validity of MBT established
by Franchignoni et al. [21] and Pardasaney et al. [12], availability of normative values as in O’Hoski et al. [51], and the
ceiling effect of the 2 evaluated scales determined in different populations by King et al. [39] and Godi et al. [18], who
worked with groups of comparable size, it is expected that
this study will add to the body of knowledge on the metric
properties of the assessed scales. A convenient sample as
described in the present work can also be considered as
a limitation. As we were primarily interested in the ceiling
effect of the tests in balance trained individuals, only posttraining measurements were performed, which may constitute an additional limitation of the study.

Conclusions
MBT presents a low ceiling effect despite the fact that the
assessed group of older adults displayed high functional
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abilities and was balance trained, while BBS has a very high
ceiling effect in the same group of participants. Given the
responsiveness of MBT for patients with balance disorders
established by Godi et al. [18] and a low ceiling effect of
MBT as indicated by the present study, MBT may be more
suitable than BBS as an outcome measure for balance specific exercise programs for healthy community-dwelling older adults.
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