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Tests of Static Balance Do Not Predict Mobility
Performance Following Traumatic Brain Injury
Gavin P. Williams, Meg E. Morris

ABSTRACT

Purpose: To investigate the extent to which different single-limb support (SLS) parameters predict mobility performance following traumatic brain

injury (TBI).

Methods: Seventy-one people with mobility limitations following TBI were assessed for balance and mobility performance in a human movement

laboratory. Participants performed a clinical test of static balance that involved balancing in SLS on each leg with eyes open and eyes closed. Mobility

performance was measured by self-selected gait speed and performance on the High Level Mobility Scale (HiMAT). Dynamic stability during walking was

measured by quantifying lateral centre of mass (COM) displacement, width of base of support, and proportion of double-support stance time.

Results: Total static balance scores were strongly correlated with HiMAT scores ( r ¼ 0.57, p < 0.001) and lateral COM displacement (r ¼ �0.51,

p < 0.001). Despite these strong correlations, however, balance scores explained only 32% of the variance in advanced mobility skills (r 2 ¼ 0.32) and

26% of the variance in lateral COM displacement (r 2 ¼ 0.26).

Conclusions: Since mobility performance varied widely for people with similar levels of balance, SLS time was not able to predict dynamic stability during

gait, self-selected gait speed, or advanced mobility skills in people with TBI.

Key Words: balance, gait, mobility, traumatic brain injury

Williams GP, Morris ME. Tests of static balance do not predict mobility performance following traumatic brain injury. Physiother Can.

2011;preprint. doi:10.3138/ptc.2009-53

RÉSUMÉ

Objectif : Étudier à quel point divers paramètres relatifs aux supports posturaux simples (SPS) peuvent influer de manière prévisible sur la mobilité à la

suite d’une lésion cérébrale traumatique (LCT).

Méthode : Un échantillon de 71 personnes avec des limitations de mobilité résultant d’une LCT a été étudié ; on a évalué l’équilibre et la mobilité de

chaque personne dans un laboratoire de motricité humaine. Les participants ont pris part à un test clinique de leur équilibre statique, pour lequel ils

devaient se balancer d’une jambe à l’autre avec un SPS, les yeux ouverts, puis les yeux fermés. La mobilité des participants a été évaluée lors de la

locomotion, suivant une vitesse et le rendement choisis par chacun, sur l’HiMAT (Level Mobility Scale). La stabilité dynamique au cours de la marche a

été mesurée en quantifiant le déplacement latéral du centre de masse (CM), la largeur de la base d’appui et la proportion du temps passé en station

debout avec double appui.

Résultats : Les pointages totaux d’équilibre statique étaient conformes aux pointages obtenus sur l’HiMAT (r ¼ 0,57, p < 0,001) et pour le déplacement

latéral du CM ( r ¼ �0,51, p < ,001). Malgré ces fortes corrélations toutefois, les pointages touchant l’équilibre n’expliquaient que 32 % des variations

des habiletés motrices avancées (r 2 ¼ 0,32) et 26 % des variations du déplacement latéral du CM ( r 2 ¼ 0,26).

Conclusions : Puisque la mobilité varie grandement entre les gens ayant un même degré d’équilibre, le temps de SPS n’était pas en mesure d’influer sur la

stabilité dynamique durant la locomotion, sur la vitesse de locomotion choisie ou sur les habiletés motrices avancées des personnes ayant subi une LCT.

Mots clés : démarche, équilibre, lésion cérébrale traumatique, mobilité

INTRODUCTION

Independent and safe mobility requires the complex
interaction of many systems.1 Balance is one system
that is important for functional mobility.1 Following
traumatic brain injury (TBI), balance and mobility prob-

lems are common.2–4 In addition, associated difficulties
with insight, impulsiveness, self-monitoring, and plan-
ning potentially place people with TBI at greater risk of
falling. Clinicians working in rehabilitation are required
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to make judgements about when a patient may be safe to
mobilize independently. A simple clinical test of balance
that predicts safe walking ability would be valuable in re-
habilitation, as such a test could assist clinical decision
making with respect to when patients no longer require
supervision and when they are able to ambulate safely
indoors or outdoors, as well as helping to determine the
extent to which they are at risk of falling. We are un-
aware of any simple clinical test of balance that is able
to predict safe independent ambulation in persons with
TBI.

A similar example (i.e., using a measure of impair-
ment to predict mobility) has been developed for muscle
strength. The Upright Motor Control (UMC) test, devel-
oped to measure the functional strength of hemiplegic
limbs for walking following stroke,5 is able to differe-
ntiate household from community ambulators with a
high level of accuracy.6 The UMC has high interrater
reliability, is simple and quick to administer, and can be
performed in any environment. An equivalent test of the
ability to balance for safe mobility could assist clinical
decision making, goal setting, and treatment planning.

Many different measures of balance have been devel-
oped. Some, such as single-limb support (SLS) or tandem
stance, require the participant to maintain stability under
varying conditions while the feet remain still; such
balance tests are typically called ‘‘static.’’ ‘‘Dynamic’’
tests of balance, such as the Four Square Step Test
(FSST)7 and Step Test,8 require the participant to main-
tain stability while moving about. More challenging
dynamic tests of balance include the figure-of-8 task.9

Since dynamic balance tasks require mobility, it can
become difficult to dissociate and attribute the causes
of performance problems. That is, dynamic balance
requires mobility, which is the activity that the clinician
is attempting to predict. In this study, therefore, static
measures of balance were used to predict mobility
performance.

Lateral displacement of the centre of mass (COM)—
that is, how much a person moves from side to side
when walking—has been associated with dynamic sta-
bility during gait in TBI.2–4 This means that people with
better dynamic stability have less lateral COM displace-
ment, whereas people with reduced dynamic stability
have greater lateral COM displacement. Reduced self-
selected gait speed,10 increased width of base of support
(BOS),11 and increased proportion of double-support
stance time (%DS)11 have all been described as compen-
satory strategies for reduced dynamic stability following
TBI. We are unaware of any studies that have used static
tests of balance to predict dynamic stability during gait,
but Williams and Goldie (2001)12 found static balance
on the less affected leg to be a predictor of high-level
mobility; that is, the ability to balance in SLS on the less
affected leg accounted for some unique variance when
predicting the ability to run. SLS was chosen as the static

balance test for the present study because of its level of
difficulty and its potential to discriminate the perfor-
mance of more able participants.13 Less challenging
measures of static balance, such as the Tinetti Balance
Assessment14 and the Berg Balance Scale,15 are suscepti-
ble to ceiling effects in the TBI population.2,4,10,16 The
main aim of the current investigation was to determine
the extent to which different SLS-derived parameters
predict mobility performance in individuals with TBI. It
was hypothesized that because of the complex interac-
tions of many systems required for mobility, SLS would
predict only a small proportion of mobility performance.

METHODS

The research project was approved by Epworth
Hospital’s Human Research and Ethics Committee
(study number 34006) and by the University of Mel-
bourne (Ethics ID: 060496.1).

Participants

In this cross-sectional study, all participants with TBI
currently attending physiotherapy for gait retraining at
Epworth Hospital, Melbourne, Australia, were invited to
participate in the project. Epworth Hospital is a large
rehabilitation facility specializing in the treatment of
traumatic brain injury. The majority of participants had
sustained their TBI as a result of a motor-vehicle acci-
dent. Patients were eligible for inclusion if they (a) had
sustained a TBI and (b) were able to walk independently
over a distance of 20 m without the use of a gait aid (see
Table 1). Patients were excluded if they (a) were unwill-
ing or unable to provide informed consent, (b) presented
with concurrent central nervous system disorders, or (c)
had severe cognitive or behavioural problems that pre-
vented assessment. All individuals who were invited to
participate consented to do so.

Instrumentation and Procedures

Each participant was assessed for static balance and
mobility performance. Since people with TBI may expe-
rience problems bilaterally, both legs were tested for
each participant. Static balance was measured via SLS

Table 1 Participant Characteristics

Participant Characteristics Value

Sex (male:female) 66:15

Age (meane SD years) 29.3e 10.6

Length of post-traumatic amnesia (meane SD
days)

69.6e 51.5

Time to testing post-injury (median months) 30.4 (IQR ¼ 4.7–103.4)

IQR ¼ inter-quartile range
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for each leg with eyes open (EO) and eyes closed (EC),
up to a maximum of 30 seconds. Participants were
instructed to stand in SLS with their hands on their hips
(where possible) and not to let their legs touch. The trial
ceased if the participant moved the stance foot, put the
non-stance foot down, touched his or her legs together,
or lost hand contact for more than a brief moment. The
trial also ceased for the EC condition if participants
opened their eyes. Participants performed three trials of
each condition. The average time for the three trials
for each condition was then calculated. Three methods
for measuring static balance were collated to determine
whether a single measure of static balance was sufficient
to predict mobility performance. First, SLS with EO and
SLS with EC on the more affected leg were recorded
separately (maximum total score ¼ 30 s). Second, EO
and EC scores were summed for the more and less
affected legs to create a representative score for each leg
(maximum total score ¼ 60 s). Third, the average times
for each of the four conditions (left and right legs,
EO and EC) were summed to create a total SLS score
(maximum total score ¼ 120 s) to represent static balance
performance for both legs.

Mobility performance was measured in several ways.
First, dynamic stability during gait was assessed to
evaluate mobility performance. To quantify this aspect
of mobility performance, three-dimensional gait analysis
(3DGA) was performed on all participants, using the
Vicon 512 motion analysis system (Oxford Metrics,
Oxford, UK), with eight cameras sampling at a rate of
120 Hz. The marker-placement protocol, calibration
procedure, and data processing were conducted as pre-
viously described elsewhere.11 Data were collected for
10 trials, and the average performance for each variable
was calculated. Lateral COM displacement was defined
as the range between maximum and minimum values of
the sacral marker, placed over S2. Width of BOS was
defined as the perpendicular distance between the calca-
neal markers, measured from the longitudinal axis of the
laboratory. Self-selected gait speed was calculated from
the toe marker during foot contact of consecutive steps
(i.e., left/right stride length divided by time).

The second means of measuring mobility perfor-
mance was the high-level mobility assessment tool
(HiMAT). The HiMAT was selected as a clinical measure
of mobility because of its ability to measure high-level
mobility for people with TBI who can walk independ-
ently of gait aids.17,18 It measures walking under various
conditions: stair use, running, skipping, hopping, and
jumping. Higher scores indicate better performance
(maximum score ¼ 54).

Data Analysis

Summary statistics (mean, standard deviation, and
range) were generated for the measures of SLS (see

Table 2) and mobility performance (see Table 3). All
variables of interest were assessed for distribution nor-
mality. Pearson correlation coefficients, and their asso-
ciated coefficients of determination, were calculated to
determine how much of the variance in mobility perfor-
mance (HiMAT, lateral COM displacement, self-selected
gait speed, width of BOS, %DS) SLS could predict. SLS
was recorded and analyzed in five ways:

1. EO on the affected leg
2. EC on the affected leg
3. Combined EO and EC scores on the affected leg
4. Combined EO and EC scores on the less affected leg
5. Total SLS balance score

Self-selected gait speed was normalized for height
in order to compare data across subjects prior to data
analysis. Summary statistics involving self-selected gait
speed are reported prior to normalization for ease of
interpretation. Statistical tests involving self-selected
gait speed were performed on the normalized data.
Using Cohen’s guidelines, a moderate relationship will
be interpreted as r ¼ 0.30–0.50 and a strong relationship
as r b 0.50.19

RESULTS

Table 1 outlines participant characteristics. The 71
participants with TBI were predominantly young and
male; this is consistent with the broader TBI population.
Of the 71 participants, 63 had a length of post-traumatic
amnesia (PTA) in excess of 28 days, indicating that they

Table 2 Static Balance Performance of Persons with TBI (n ¼ 71)

Mean (SD)
seconds

Range
seconds

EO (affected limb) 8.6 (9.7) 0–30.0

EC (affected limb) 1.7 (2.2) 0–12.8

Combined EOþ EC (affected limb) 10.4 (11.3) 0–37.4

Combined EOþ EC (less affected limb) 20.0 (16.5) 0–60.0

Total static balance score 30.4 (22.4) 0–77.0

Table 3 Mobility Performance of Persons with TBI (n ¼ 71)

Mean (SD) Range

Self-selected gait speed (m/s) 1.04 (0.33) 0.30–1.84

Lateral COM displacement (cm) 8.7 (3.2) 3.8–16.4

Width of BOS (cm) 24.2 (4.9) 14.0–35.1

%DS 28.5 (7.5) 19.3–61.6

HiMAT score (maximum 54) 21.6 (10.9) 1–45

COM ¼ centre of mass; BOS ¼ base of support; %DS ¼ proportion of double-
support time; HiMAT ¼ High-Level Mobility Assessment Tool
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had sustained an extremely severe brain injury.20 The
TBI sample varied considerably with respect to time to
testing post-injury.

The TBI cohort also showed a great deal of variation
in their physical performance. As Table 3 shows, self-
selected gait speed ranged from very slow to very quick.
The mean self-selected gait speed for the TBI cohort was
slower than normative values that have been reported.11

Ability to balance in SLS also varied considerably;
several participants (n ¼ 4, a0.5 seconds) were unable
to balance with their eyes open on their more affected
leg, despite being able to walk independently.

The total SLS score was the best predictor of mobility
performance for the majority of the five measures (see
Table 4). Despite several strong correlations between
measures of SLS and mobility performance, however,
the total SLS score was a poor predictor of dynamic sta-
bility. It was strongly negatively correlated with lateral
COM displacement, indicating that higher balance
scores were associated with lower lateral excursions of
the COM, yet explained only 26% of the variance in
lateral COM displacement (r 2 ¼ 0.26). Weaker correla-
tions were obtained with width of BOS and proportion
of double-support time (see Table 4), which accounted
for only 19% (r 2 ¼ 0.19) and 5% (r 2 ¼ 0.05) of the
variance in mobility performance respectively.

Although the total SLS score was moderately posi-
tively correlated with self-selected gait speed, indicating
that higher SLS scores were associated with higher self-
selected gait speeds (see Figure 1), it explained only 12%
of the variance in self-selected gait speeds (r 2 ¼ 0.12).
As Figure 1 shows, all participants with a total SLS
score > 30 seconds (horizontal reference line) were able
to walk at b 0.7 m/s. Post hoc analysis was performed
on the sample, dichotomized at a total SLS score of
30 seconds, to determine whether higher scores were
associated with greater predictive ability for mobility.
For participants with a total SLS score > 30 seconds,
there was no significant relationship between total SLS
scores and self-selected gait speed (r ¼ 0.26; p ¼ 0.13).

Participants scoring above the horizontal reference line
(Figure 1) varied from 0.77 to 1.54 m/s in their self-
selected gait speed. Similarly, for participants with a total
SLS score < 30 seconds, there was no significant rela-
tionship between total SLS scores and self-selected gait
speed (r ¼ 0.28; p ¼ 0.11). The vertical dotted line in
Figure 1 represents the normal self-selected walking
speed for young adults.21 For participants walking at a
self-selected speed similar to that of healthy young
adults, total balance scores varied from 3.6 to 70.4
seconds. This result suggests that SLS alone is a poor
indicator of self-selected gait speed.

The total SLS score had a strong positive correla-
tion with the HiMAT score (see Figure 2), yet explained
only 32% of the variance in advanced mobility skills
(r 2 ¼ 0.32). The horizontal dotted reference line in
Figure 2, representing the mean total SLS score for TBI,
demonstrates that despite a strong relationship between

Table 4 Relationships between Measures of Static Balance and Mobility Performance

Measure of Mobility
Performance

Static Balance

EO Affected EC Affected EOþ EC Affected EOþ EC Less Affected Total Static Balance Score

r p r p r p r p r p

Self-selected gait speed 0.41 <0.01 0.40 <0.01 0.43 <0.01 0.23 0.06 0.35 <0.01

Lateral COM displacement �0.35 <0.01 �0.35 <0.01 �0.37 <0.01 �0.40 <0.01 �0.51 <0.01

Width of BOS �0.29 0.02 �0.25 0.04 �0.30 0.01 �0.33 <0.01 �0.44 <0.01

%DS �0.15 0.23 �0.28 0.02 �0.18 0.14 �0.19 0.12 �0.22 0.07

HiMAT score 0.43 <0.01 0.46 <0.01 0.46 <0.01 0.47 <0.01 0.57 <0.01

COM ¼ centre of mass; BOS ¼ base of support; %DS ¼ proportion of double-support time; HiMAT ¼ High-Level Mobility Assessment Tool

Figure 1 Relationship between total balance scores and self-selected
gait speed. The solid line represents the line of best fit; the horizontal
dotted line represents the mean total balance score for TBI; the vertical
dotted line represents the normal self-selected walking speed for young
adults.21
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total SLS scores and HiMAT scores, HiMAT scores varied
from 13 to 45 for total SLS scores > 30 seconds.

DISCUSSION

Although several measures of mobility performance
were investigated, the results suggest that SLS is a poor
predictor of mobility performance. Of the four measures
of gait performance, total SLS scores were most strongly
correlated with lateral COM displacement; yet total SLS
scores accounted for only 26% of the variance in lateral
COM displacement, and much less of the variance in
other indicators of dynamic stability during gait. Further,
SLS scores accounted for only a small proportion of the
variance in self-selected gait speed. Although SLS scores
were most strongly correlated with the HiMAT, 68% of
the variance in advanced mobility skills remained un-
accounted for. The clinical implication of this result is
that because of the complex interactions required for
mobility, SLS alone cannot independently predict mobil-
ity performance for people with TBI. Following TBI,
problems with muscle strength and tone, spasticity,
vision, and vestibular impairment may all affect the
ability to mobilize;2,22–24 clinicians are not able to pre-
dict with any certainty how stable and safe a person
with TBI will be while walking based on his or her ability
to stand on one leg. In the absence of a predictor for
mobility performance, clinicians may need to assess
mobility tasks directly in order to determine the com-
bined impact of contributing impairments on stability
and safety.

The results demonstrate a large range of participant
abilities to balance and mobilize (see Tables 2 and 3 and
Figure 1). Although all participants were able to walk
unassisted, this sample ranged from limited household

ambulators to higher-functioning individuals attempting
to return to pre-morbid social, leisure, and sporting
activities. This large range in participant performance
optimized the opportunity to identify a relationship
between SLS and mobility. Nevertheless, as Figure 1
demonstrates, there was considerable variance in self-
selected gait speeds for any given total SLS score. Par-
ticipants above the dotted horizontal reference line in
Figure 1, representing the mean balance score, varied
from 0.77 to 1.54 m/s in their self-selected gait speed.
This result suggests that SLS alone is a poor indicator of
self-selected gait speed.

A gait speed of b0.8 m/s has been suggested as
a threshold for community mobility following stroke.25

In this cohort, every participant with a total SLS score
b30 seconds walked at a speed b0.8 m/s (see Figure
1), which suggests that this score may also be a threshold
for predicting community mobility following TBI. Fur-
ther analysis showed that above the total SLS score
threshold of 30 seconds, balance had no significant
relationship with and no greater predictive ability for
mobility performance. Although high-level mobility was
measured in this study, community mobility was not
directly assessed, so caution is required in interpreting
this finding. The large variability in results further limits
clinical interpretation. As Figure 1 shows, participants
with TBI who walked at a self-selected gait speed com-
parable to that of normal healthy controls (vertical
dotted line) varied considerably in their SLS perfor-
mance.11 Although all were able to walk comfortably
at 1.4 m/s, total SLS scores varied from several seconds
to > 70 seconds.

Large variability in results was also found when SLS
scores and HiMAT scores were compared. HiMAT scores
for participants who scored above the reference line in
Figure 2 varied from 13 to 45; this result indicates that
SLS alone is a poor predictor of ability to perform
advanced mobility skills such as running, skipping,
hopping, and jumping. Although statistical analyses
suggest moderate to strong correlations between SLS
and some measures of mobility, neither self-selected
gait speed nor HiMAT scores can be predicted from the
ability to balance in SLS.

The results support the findings of several prior
studies that have identified a moderate to strong correla-
tion between the ability to balance and the ability to
walk.18,26 Despite this relationship, however, no previous
study has demonstrated that gains achieved in balance
retraining lead to subsequent gains in mobility.27–30

Although the results of the present study suggest that
performance in balancing on one leg is unable to predict
gait performance, it may be of some value in predicting
falls. Despite its susceptibility to a ceiling effect,10,16 the
Berg Balance Scale (BBS) is one of the most widely used
measures of balance, particularly in patients following
stroke;31 the individual items are primarily ‘‘static’’ in

Figure 2 Relationship between total SLS scores and High-Level Mobility
Assessment Tool scores. The solid line represents the line of best fit; the
horizontal dotted line represents the mean total balance score for TBI.
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that the participant’s feet are not required to move. The
BBS score has been used to predict falls,32,33 and SLS has
been found to be the most sensitive and specific of the
individual BBS items for predicting falls.34 A simple test
of static balance may be clinically useful for predicting
gait performance; however, SLS appears to have limited
predictive value. Therefore, clinicians may need to assess
patients’ stability while walking.

LIMITATIONS

This study focused on a single static measure of
balance as a means to predict mobility performance.
It is possible that other measures of static balance may
be better predictors of mobility, but SLS was chosen
because it is able to discriminate performance over a
wide range of abilities and is less susceptible to a ceiling
effect. It is also possible that other measures of dynamic
balance may predict mobility performance better than
measures of static balance can. One of the main benefits
of using a dynamic measure of balance is that such
measures require the ability to maintain stability during
transitional movements. Transitional movements from
leg to leg are required during gait, but successful per-
formance on dynamic balance tasks also places greater
demands on muscle strength, range of motion, and
motor control. Therefore, the unique contribution of
balance to dynamic measures of balance is uncertain.

A major benefit of identifying a predictor for safe gait
is to reduce the risk of falling. Although the key gait
parameters associated with stability were measured in
this study, falls were not. Using this cross-sectional study
design, we were able to investigate only mobility per-
formance. A longitudinal study might be able to use a
measure of balance to measure fall rates or to predict
mobility outcomes.

CONCLUSION

The ability to balance in SLS is strongly correlated
with some measures of mobility performance, such as
dynamic stability in gait (lateral COM displacement)
and high-level mobility (HiMAT scores). Despite these
strong correlations, however, the ability to balance in
SLS is only a weak predictor of mobility performance.
Because of the wide range in mobility performance
among people whose ability to balance is similar, SLS
performance is not able to predict dynamic stability in
gait, self-selected gait speed, or advanced mobility skills.

KEY MESSAGES

What Is Already Known on This Topic

Balance and mobility problems are common follow-
ing TBI. Despite strong correlations between tests of

static balance and mobility, effective strategies for retrain-
ing balance have had little impact on ability to mobilize.

What This Study Adds

Static balance does not predict mobility performance
in TBI. Therefore, static balance cannot be used as a
clinical decision-making tool for mobility.
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