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ABSTRACT: Assessment of balance control is essential to guide physical rehabilitation poststroke. However, current observational assessment tools

available to physiotherapists provide limited information about underlying dyscontrol. This paper describes a force plate-based assessment of quiet standing

balance control that we have implemented for individuals attending inpatient stroke rehabilitation. The assessment uses two force plates to measure location

of ground reaction forces to maintain stability in quiet standing in five conditions (eyes open, eyes closed, standing symmetrically, and maximal loading on

the less-affected and more-affected limbs). Measures of interest are variability of the centers of pressure under each foot and both feet combined, weight-

bearing asymmetry, and correlation of center of pressure fluctuations between limbs. We present representative values for the above-mentioned measures

and case examples to illustrate how the assessment can reveal patient-specific balance control problems and direct treatment. We identify limitations to our

current assessment and recommendations for future research.
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Introduction

Function- and impairment-based assessments are an
important component of rehabilitation practice. Standardized
assessment tools can help to identify patient-specific problems
that should be targets for rehabilitation; track patient prog-
ress over time; make predictions about recovery (eg, length
of stay or discharge destination); and communicate all of the
above to the interprofessional care team, patients, and their
families.!® The most commonly used outcome measures for
assessing balance control within neurorehabilitation practice
are performance-based observational rating scales (eg, the
Berg Balance Scale).* However, the overall score obtained
from these types of scales has limited ability to inform patient-
specific impairments as patients can use compensatory strate-
gies to achieve a higher score on certain items. For example,
one item on the Berg Balance Scale involves standing on
one leg for as long as possible. This item is administered by
allowing patients to choose which leg to stand on; individuals
with unilateral impairments, such as those with stroke-related
hemiparesis, can achieve a higher score by standing on their
less-affected leg. It is possible that physiotherapists use their
observations of patients performing tasks within these scales,

rather than the total score, to inform care.?

When standing still, the central nervous system aims to
keep the center of gravity within the base of support.® There-
fore, the amount of movement of the center of gravity (or
postural sway) is considered an indicator of the integrity of
the balance control system; less postural sway generally indi-
cates greater stability® and, therefore, “better” balance control.
Performance-based outcome measures do not directly mea-
sure postural sway or how well the center of gravity is con-
tained within the base of support; this is most accurately done
with three-dimensional motion analysis. However, current
three-dimensional motion analysis systems typically require
substantial set-up (eg, to place markers on the patient) and/or
postprocessing time, which presents a significant barrier to
implementation in clinical practice. Force plates can be used
to provide reasonable estimates of postural sway through inte-
gration of shear forces recorded during quiet standing.” Fur-
thermore, force plates can directly measure the location of the
centre of pressure (COP) beneath the feet; it is by changing
the location of the COP that individuals control the location
of the center of gravity in quiet standing.® Thus, force plates
can quantify postural sway (ie, center of gravity motion) and
provide information about how sway is controlled (ie, COP
motion) when standing still.
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'This paper presents our perspectives on the use of force
plates for assessing quiet standing balance control within
stroke rehabilitation practice. Our perspectives are influenced
by clinical experience and research conducted by our group
and other groups. We describe the development of a standard
force plate-based quiet standing assessment, how the results
of the assessment can be used in clinical practice, limitations
of the current assessment, and recommendations for future
research to develop both feasible and clinically meaningful
assessment tools.

Assessment

The Balance Mobility and Falls Clinic is a partnership
between the Research and Brain and Spinal Cord Rehabilita-
tion Programs at the Toronto Rehabilitation Institute, Uni-
versity Health Network. The clinic was established in 2009 to
facilitate knowledge exchange and accelerate the application of
new technology and findings to patient care. Collaboratively,
researchers and clinicians within the Balance Mobility and
Falls Clinic developed an assessment to evaluate the aspects
of balance and gait, integrating technological measures and
commonly used clinical measures.”!° This paper focuses on
our current practices around one aspect of this larger assess-
ment: the assessment of quiet standing balance control. The
clinic provides routine assessment to all individuals admitted
to the hospital for inpatient rehabilitation following stroke or
acquired brain injury; however, the current paper focuses on
our assessment practices for individuals with stroke.

To assess quiet standing balance control, we use two force
plates (25 x 50 cm, model no: OR6-7-2000, Advanced Medi-
cal Technology, Inc.). Weight-bearing asymmetry in quiet
stance (see below) can be estimated from a single force plate.!!
However, use of two force plates allows for examination of
individual-limb contributions to balance control, which is of

importance among individuals with stroke who typically have
asymmetry of sensorimotor impairment.® The force plates are
positioned side-by-side separated by <1 mm so that they are as
close as possible without touching. The assessment is admin-
istered by patients’ primary treating physiotherapists, with the
assistance of an undergraduate healthcare student who has been
trained to operate the data collection computer, process the
data, and generate the preliminary report. If a trial needs to
be terminated (eg, because the patient is unstable and needs to
move his/her feet), the physiotherapist will step on the force
plate and document that the data will need to be cropped prior
to this point in postprocessing. Patients wear their usual foot-
wear (flat-heeled closed-toe shoes) and stand with one foot on
each force plate in a standard position: feet oriented at 14° with
heel centers 17 cm apart.!? The heels are positioned 10 cm from
the back of the force plates, and the medial edges of the feet are
equidistant from the gap between the two force plates. Patients
complete one trial in each of the five conditions, usually in the
following order (generally progressing from the easiest to the
most difficult condition): eyes open, eyes closed, maximum
loading-unaffected side, maximum loading-affected side, and
midline (Table 1). Each trial lasts 20—30 seconds; the assess-
ment takes ~5 minutes, total, to complete. While the patient
is standing in the standardized position, the locations of the
most anterior, posterior, and lateral boundaries of both feet are
marked on the force plates with dry-erase marker. An addi-
tional trial is recorded while the patient is not standing on the
force plates, with the healthcare student applying downward
pressure at each of the six points that mark the boundaries of
the base of support. The COP of these locations is obtained in
order to provide a visual representation of the base of support
when data are plotted in the report (Fig. 1).

Force plate data are collected at 256 Hz on a desktop
computer via a BNC terminal block and A/D board (models

Table 1. Conditions in the assessment.

CONDITION DURATION INSTRUCTIONS MAIN OUTCOMES
Eyes open 30s “Stand as still as possible with your hands at your sides, RMS of net AP COP
no talking, and no moving, looking straight ahead.” RMS of net ML COP
AP COP cross-correlation
Weight-bearing asymmetry
RMS of AP COP symmetry index
Eyes closed 30s “Stand as still as possible with your hands at your sides, Net AP Romberg Quotient
no talking and no moving, with your eyes closed.” Net ML Romberg Quotient
Maximum loading— 20s “Without moving your feet, load as much weight as Weight-bearing asymmetry
less affected side you can on your [right/left] side; shift as far as you
can without losing your balance.”
Maximum loading— 20s “Without moving your feet, load as much weight as Weight-bearing asymmetry
more affected side you can on your [left/right] side; shift as far as you
can without losing your balance.”
Midline 30s “Stand where you feel you have equal weight through RMS of net AP COP
your left and right leg. Stand as still as possible in that RMS of net ML COP
position, looking straight ahead.” AP COP cross-correlation
Weight-bearing asymmetry
RMS of AP COP symmetry index

Abbreviations: AP, anteroposterior; COP, center of pressure; ML, mediolateral; RMS, root mean square.
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BNC-2111 and PCI-6229, respectively, National Instruments)
and custom-written Labview routine (version 12.0.1f5, National
Instruments). Trial meta-data (eg, patient number, trial number,
duration, and any notes regarding the trial) are collected with
the raw force plate data. Data are stored and processed after
the assessment with a custom-written Matlab routine (version

7.4.0.287, 'The Mathworks, Inc.) using the following steps:

1. 'The raw voltages are converted to forces and moments
using the calibration coeflicients provided by the force
plate manufacturers.

2. The forces and moments are filtered using a low-pass zero
phase lag fourth-order Butterworth filter at 10 Hz.

3. 'The anteroposterior (AP) and mediolateral (ML) COP
are calculated separately for each force plate, and the net
COP is calculated for both force plates.

4. 'The net vertical force and COP data are presented, and
the user has an opportunity to crop data from the start or
end of the trial (eg, prior to a sudden increase in vertical
force as a result of the physiotherapist stepping on the
force plate).

5. Outcome variables of interest are calculated (see the fol-
lowing section).

Outcomes and Interpretation

We recommend outcomes that are easily interpreted and
provide quantitative and complementary information about
control of quiet standing balance control among individuals
with stroke. These measures are weight-bearing asymmetry,
Romberg quotient, root mean square (RMS) of the net AP
and ML COP, AP cross-correlation, and symmetry index.
Detailed definitions and general interpretation of these vari-
ables are presented below. It is important to note that assess-
ment results for individual patients should be interpreted
together and in light of other clinical assessments (eg, motor
recovery, sensation, cognition, etc.).

e Weight-bearing asymmetry is the mean vertical force
recorded by the force plate under the more-affected limb,
expressed as a percentage of total body weight. This is a
measure of how evenly body weight is distributed between
the limbs. Individuals with stroke may stand asymmet-
rically because of impaired motor control on the more-
affected side!>'* and/or because of a biased egocentric
reference frame.’® Generally, individuals with stroke tend
to bear more weight on the nonparetic than the paretic
limb,'® although significant asymmetric stance with more
weight on the paretic limb has also been observed.!* High
weight-bearing asymmetry in quiet standing is correlated
with decreased walking speed!” and greater asymmetry
of spatiotemporal characteristics of walking among indi-
viduals with stroke.!”!8 For the maximum loading condi-
tions, the capacity to load the paretic limb is generally
less than the nonparetic limb.? Increased capacity to

load the paretic limb is correlated with increased walking
function?® and reduced stance time asymmetry in walk-
ing poststroke.!® Test—retest reliability is high for weight-
bearing asymmetry during quiet standing (ICC = 0.95
for the mean of two 30-second trials) and maximal load-
ing (ICCs = 0.93-0.99 for the mean of five six-second
trials) among individuals with chronic stroke.!®

RMS of net AP and ML COP are measures of the vari-
ability of the COP displacement under both limbs com-
bined; RMS of COP is calculated separately for the AP
and ML directions. RMS of COP is a recommended
measure of stability within clinical posturography.?! As
the position of the COP and center of gravity are cor-
related, high RMS of COP suggests high postural
sway.?? Therefore, high RMS of COP can be generally
interpreted as poor overall balance control. There is some
evidence that increased RMS of ML COP is related to
increased risk for falls after discharge from inpatient

stroke rehabilitation.?3

Romberg quotient is the RMS of net AP or ML COP
in the eyes closed condition divided by the RMS of net
AP or ML COP in the eyes open condition.?* Values
greater than 1 are typical, but values that far exceed 1
suggest that patients rely on visual information to control
balance. The upper limit of the 95% confidence interval
of the Romberg quotient for older adults who are not at
increased risk of falls is 1.1 (ML) or 1.3 (AP);?’ therefore,
Romberg quotients that exceed these values may suggest
impaired performance.

AP cross-correlation is the cross-correlation between the
AP COP of the left and right limbs. As control of stand-
ing balance in the AP direction is primarily achieved
through action of the plantar- and dorsiflexors® and both
ankles can act independently in quiet stance,?® the AP
cross-correlation provides a measure of how well actions
of the two ankles are synchronized in time.?”?8 The cor-
relation coeflicient at zero lag is reported as there appears
to be little value in examining the maximum correlation
coeflicient and the lag at which this maximum occurs.?
The cross-correlation value can range from —1 to +1,
with values close to +1 indicating that the two limbs are
almost perfectly synchronized in time. There is emerging
evidence that low cross-correlation values are related to
increased risk of falls among individuals with stroke dur-
ing inpatient rehabilitation?’ and after discharge into the
community.??

Symmetry index is the RMS of AP COP on the less-
affected side divided by the sum of the RMS of AP COP
on both sides.3® This provides a measure of the contribu-
tion of each limb to AP balance control; a value of 0.5
indicates that both limbs contribute equally to balance
control, whereas less than 0.5 indicates that the more-
affected side contributes more, and greater than 0.5
indicates that the less-affected side contributes more
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to balance control. Reduced symmetry index predicts
increased risk for falls in daily life after discharge from

inpatient stroke rehabilitation.??

During a three-year period (September 2009-October
2012), 524 individuals with stroke were admitted to inpa-
tient rehabilitation at our institution; 359 (69%) of these were
assessed in the clinic at the time of admission and/or discharge.
Demographic and clinical characteristics of these individu-
als are shown in Table 2. The most common reasons for not
completing an assessment were because the patient did not
achieve independent standing during inpatient rehabilitation
(7.6% of admissions), the patient was too medically complex
to complete the assessment (4.6% of admissions), the patient’s
anticipated length of stay was too short for the assessment to
inform care (eg, ~1 week or less; 2.5% of admissions), or the
patient was unexpectedly discharged or transferred to another
unit or hospital before an assessment could be scheduled (2.5%
of admissions). Quiet standing balance data for all patients
assessed over the three-year period are included in Table 3.

Table 2. Participant characteristics.

ADMISSION DISCHARGE

Age (years) 67.6
[66.1, 69.0]
Gender (number, percentage)
Male 209 (58.2)
Female 150 (41.8)
Stroke type (number, percentage)
Ischemic 281 (78.5)
Haemorrhagic 52 (14.5)
Transforming to haemorrhagic 21 (5.9)
Unknown 4 (1.1)
Affected hemisphere (number, percentage)
Right 123 (34.3)
Left 182 (50.7)
Both 51 (14.2)
Unknown 3(0.8)
National Institutes of 4.2
Health Stroke Scale® (score) [3.8, 4.6]
Time post-stroke (days) 201 56.8 [53.5,
[17.6, 22.6] 60.1]
Berg balance scale (score) 30.3 4521441,
[28.5,32.1] 46.3]
Chedoke-McMaster Stroke Assessment®' (score)
Leg 4.3[4.2,4.5] 4.9[4.8,5.0]
Foot 4.0[3.8,4.1] 4.5[4.4,4.6]

Notes: Values presented are from individuals with stroke assessed in our
clinic at admission and/or discharge from inpatient rehabilitation over a three-
year period (n = 359 total). Values are means with 95% confidence intervals
in brackets for continuous or ordinal variables, or number with percentage in
parentheses for categorical variables. Note that percentages are subject to
rounding error and might not sum to 100.

Approval was obtained from our institution’s Research Ethics
Board for inclusion of these data in the current paper on the
basis of chart review.

For the purpose of clinical interpretation, comparison
to reference values for healthy young and older individuals,

2831 can help to determine if an individual

where available,
patient has impaired performance on a measure. The above
measures tend to be correlated with each other within the sub-
acute stroke population when performing the task of standing
still with “preferred” weight distribution (ie, the “eyes open”
condition within our assessment). Thus, individuals with val-
ues suggestive of impaired balance control on one measure
will likely show impairment on all other measures.?® How-
ever, measures can also be dissociated, and examination of
separate measures for one individual can provide information
about specific impairments in balance control.

Figure 1 shows COP traces for the eyes open condition
for three patients, with corresponding values for each variable
in Table 4. Patient A has values suggestive of “poor” balance
control for all variables (ie, high weight-bearing asymmetry,
RMS of AP and ML COP, and symmetry index and low AP
cross-correlation). Both patients B and C stand with symmet-
ric weight bearing. While patient B has low RMS of AP and
ML COP, the AP cross-correlation is low and the symmetry
index is high. This suggests that the control of stability for
patient B is achieved through the action of the less-affected
limb, but that this limb alone is able to maintain overall sta-
bility and reduce postural sway. While whole-body balance
seems to be well controlled for this individual, over-reliance
on the less-affected limb might expose the individual to insta-
bility and increased fall risk in situations that place demands
on the more-affected limb?® (eg, the single-limb stance phase
of walking). In contrast, patient C has high RMS of AP and
ML COP, suggestive of high postural sway and instability,
but since the symmetry index is close to 0.5 and the AP cross-
correlation is high, both limbs contribute equally to maintain-
ing stability. Different rehabilitation approaches might be
considered for patients depending on the results of the assess-
ment. From the examples given above, patient B’s physiother-
apist might focus on trying to engage the more-affected limb
in controlling balance. Conversely, recognizing that patient
C’s more-affected limb is capable of contributing to balance
control, his physiotherapist might focus more on overall bal-
ance control and less on individual-limb control. Patient A
would require a comprehensive balance rehabilitation program
focused on achieving a symmetric stance, improving control of
the more-affected limb, and improving overall stability.

Likewise, assessment results for other conditions could
inform specific treatments; for example, a high Romberg
quotient could suggest that practicing balancing tasks with
eyes closed or in dim lighting might be beneficial for that
patient. Shifts in limb load during eyes closed tasks may pro-
vide information to the physiotherapist regarding the indi-
vidual’s use of compensatory strategies to increase sensory
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Table 3. Data for measures calculated for each condition.

AP Romberg quotient

EYES OPEN EYES CLOSED MAXIMUM LOADING— MAXIMUM LOADING— MIDLINE
LESS AFFECTED SIDE MORE AFFECTED SIDE
Number of patients
Admission 297 292 230
Discharge 253 251 208
RMS of AP COP (mm)
Admission 6.9[6.5, 7.3] 9.0 [8.5, 9.5] 6.8[6.4,7.2]
Discharge 6.1[5.8, 6.5] 8.1[7.6, 8.6] 6.2 5.8, 6.6]
RMS of ML COP (mm)
Admission 4.9[4.5,5.3] 6.3 [5.6, 6.9] 5.5[5.0, 6.0]
Discharge 41[3.7,4.4] 4.6[4.2,51] 4.6[4.1,51]

Number of patients
(lateralized measures)

Admission 1.39[1.33, 1.45]
Discharge 1.41 [1.34, 1.47]
ML Romberg quotient
Admission 1.43[1.28, 1.57]
Discharge 1.24 [1.16, 1.32]
AP cross correlation
Admission 0.76 [0.73,0.79]  0.79[0.76, 0.81] 0.73[0.69, 0.76]
Discharge 0.76 [0.73,0.79]  0.82[0.80, 0.84] 0.74[0.71, 0.77]

Symmetry index

Admission 271 268 266 264 212
Discharge 232 229 232 230 191
Weight-bearing asymmetry
(% body weight)
Admission 46.2[45.0,47.5] 46.4[45.2,47.6] 241 [22.4,25.8] 71.7 [69.8, 73.5] 49.1[47.7, 50.4]
Discharge 46.8 [45.6,47.9] 46.4[45.2,475] 23.1[21.1,25.0] 72.8 [70.8, 74.8] 49.8 [48.5, 51.1]

Admission

0.55[0.53, 0.56]

0.56 [0.54, 0.57]

0.50 [0.48, 0.51]

0.57 [0.59, 0.58]

0.55[0.53, 0.56]

Discharge

0.56 [0.54, 0.57]

0.56 [0.54, 0.57]

0.50 [0.48, 0.52]

0.57 [0.55, 0.59]

0.55[0.53, 0.57]

Notes: Values presented are from individuals with stroke assessed in our clinic at admission and/or discharge from inpatient rehabilitation over a three-year period
(n =359 total). Values are means with 95% confidence intervals in brackets. Measures not relevant to specific conditions are grayed-out. Data for lateralized
measures (ie, those that require identification of a more-affected side) are available for fewer patients as patients with bilateral involvement were excluded. However,

the individual patient report would include these measures for these patients.

Abbreviations: AP, anteroposterior; COP, center of pressure; ML, mediolateral; RMS, root mean square.

information when vision is not available to control balance.
Comparing midline to usual stance conditions can provide
insights into underlying dyscontrol contributing to postural
asymmetries. Maximal loading conditions allow the physio-
therapist to differentiate between the capacity to load each
limb versus the preferred use of the nonparetic limb as a sup-
port function.

Discussion

We have implemented a simple force plate-based assessment
of quiet standing balance control into routine care in inpa-
tient stroke rehabilitation. Both patients and physiotherapists
teel that the assessment provides specific quantitative infor-
mation; this information can help patients understand their

balance problems and is useful for confirming physiothera-
pists’ clinical reasoning.'® However, while we have suggested
within this paper that the assessment may be useful to reveal
underlying dyscontrol that can be targeted, with treatment,
to patient-specific balance impairments, physiotherapists have
not clearly articulated that such assessments inform care.l’
Clinical interpretation of values from technological mea-
sures is cited as an ongoing challenge.!” Instrumented assess-
ment of balance control is currently not taught within many
physiotherapy entry-to-practice degree programs; therefore,
additional educational modules for physiotherapists could
be developed to help physiotherapists to use the information
gained from the assessment to inform practice. The assessment
cannot stand alone, and the results must be interpreted in light
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Figure 1. Examples of COP tracings for three patients in the eyes open condition. The figures on the left show the two-dimensional [anteroposterior

(AP) and mediolateral (ML)] centers of pressure (COP) recorded by the left and right force plates and the net (total) AP and ML COP for both force plates
combined. The figures on the right show the corresponding time series of left and right AP COP for each patient. Note that data were cropped from the
end of the trial for patient A such that <30 seconds are displayed. Also note that the excursion of the COP under the left foot for patient B is so small as to

be almost imperceptible on this figure.

of other sensorimotor assessments. To aid clinical interpreta-
tion, comparison values from healthy age-matched individuals
may be useful to identify if a balance control problem exists
(if not otherwise apparent) or if the problem can be attributed
to stroke rather than age; however, such comparisons provide
limited diagnostic information.3? Additionally, comparison to
healthy age-matched reference values may not be appropriate
if the systems and methodology used to collect the reference
data differ from those used in the clinical setting.® Feed-
back from physiotherapists suggests that providing the visual

representations of the COP tracings (Fig. 1) alongside the
data aids in interpretation of the values.!’

For assessing quiet standing balance control among indi-
viduals with stroke, who often have lateralized impairments,
we believe it is essential to use two force plates to provide
information about how the two limbs work together and how
each limb contributes to whole-body balance control (ie, AP
cross-correlation and Symmetry index). Improving weight-
bearing symmetry is often a focus of various therapeutic
interventions that are designed to “force” use of the paretic
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Table 4. Individual patient data.

PATIENT A PATIENT B PATIENT C
Age (years) 57 63 72
Gender Male Female Male
Time post-stroke (days) 14 22 35
Lesion location Left cerebellum Left internal capsule, Right basal ganglia
bilateral basal ganglia

More affected side Left Left* Left
National Institutes of Health Stroke Scale®° (score) 3 14 3
Berg balance scale (score) 28 29 11
Chedoke-McMaster Stroke Assessment®' (score)

Leg 4 4 4

Foot 5 3 4
Weight bearing asymmetry (% body weight) 21.8 50.3 50.3
RMS of net AP COP (mm) 13.2 3.9 14.3
RMS of net ML COP (mm) 11.5 2.5 7.7
AP cross correlation 0.13 0.63 0.94
Symmetry index 0.76 0.82 0.55

Notes: *Patient B has bilateral impairment, but the physiotherapist noted more sensorimotor impairment on the left than the right side. The values obtained from the

force plates correspond to the eyes open trial illustrated in Figure 1.

Abbreviations: AP, anteroposterior; COP, center of pressure; ML, mediolateral; RMS, root mean square.

limb.3#37 In the absence of quantitative data, the capacity to
weight-bear on the paretic limb can be used as a proxy mea-
sure of improved contribution of the paretic limb control to
balance. However, improvements in paretic limb load can
occur without associated improvement in its contribution to
1;22:34 this dissociation between weight-bearing
and control asymmetry is apparent in patient B. Changes in

balance contro

functional performance (eg, as measured by observational rat-
ing scales) can also improve despite little evidence of restora-
tion of the paretic limb’s contribution to balance control.?>38
Therefore, we believe it is essential to differentiate between
simple loading asymmetry and asymmetries in limb contri-
bution to balance control to unmask dyscontrol underlying
observed patient performance. This kind of specific informa-
tion allows physiotherapists to determine what aspects of bal-
ance control change with intervention, and thus inform new
intervention approaches.

This paper describes an assessment of “static” balance
control when standing still. However, balance control is also
required in “dynamic” situations, such as when moving (eg,
walking) and in response to external postural perturbations.’
Instrumented assessment of anticipatory balance control dur-
ing voluntary movement*’ and reactive balance control fol-
lowing a loss of balance’ could provide further specific and
quantitative information about a wider range of balance skills
in stroke rehabilitation practice.

The test—retest reliability of weight-bearing asymmetry has
been established within the chronic stroke population.!6:41-43
However, to our knowledge, reliability of weight-bearing
asymmetry or our other recommended measures have not been

established within the subacute stroke population. This is an
acknowledged limitation of the current assessment and an
important area for future research to enable these measures to
be suitable for widespread clinical uptake.

We recommend seven complementary measures to
describe quiet standing balance control poststroke that are
easy to calculate and are, therefore, easily understood without
requiring expertise in signal processing. However, others have
used many different measures to quantify the COP in quiet
standing® (eg, COP area or velocity; for further examples, see
Refs. 31, 44). It is possible that inclusion of other measures
would provide a more complete picture of quiet standing bal-
ance control poststroke. In particular, others have suggested
that advanced measures of the dynamical properties of the
COP* may provide additional insights into balance control
problems among individuals with stroke. The potential clini-
cal utility of such measures is promising, but further research
is required to provide meaning to these measures and to estab-
lish the “best” measures for quantifying quiet standing bal-
ance control poststroke.

Ourassessmentprotocolincludessomedeparturesfromrec-
ommendations for clinical posturography made previously.?!33
In the interest of comfort, patients are assessed wearing
their usual footwear rather than barefoot. It was previously
suggested to position the feet with heels touching;?! however,
if the feet are touching, the forces and moments recorded under
one foot are influenced by actions of the other foot, which pre-
vents examination of individual-limb contributions to balance
control. Furthermore, there is evidence that weight-bearing
asymmetry may be exacerbated when the feet are touching.*
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Thus, we selected a more natural, yet standardized, foot posi-
tion,’? with the feet approximately below the hips and the
toes slightly angled out. The trial duration used is lower than
recommended for optimal reliability of force plate record-
ings. #4748

ing values obtained from multiple trials.**” However, we feel

Likewise, reliability could be improved by averag-

a longer sampling duration or conducting more trials would be
problematic within this stroke population because of potential
for fatigue and poor attention,*® which could adversely affect
reliability of the measures obtained.*

Within our assessment, clinical assistants operate the
data collection computer and postprocess the data to generate
a clinical report. Our physiotherapists note that they value the
support of these assistants and that they would likely not per-
form the assessment if they had to operate the data collection
computer themselves.!® We recognize that this process might
not be feasible in some settings with limited funding for clini-
cal support personnel. Likewise, “research-grade” force plates
may be prohibitively expensive for some clinical settings.
However, the clinical implementation of instrumented assess-
ment of balance control may become easier in the future as an
inexpensive and user-friendly gaming technology is adapted
for this purpose.

Conclusion

Observation-based balance measures may mask underlying
dyscontrol after stroke. COP measures obtained from force
plates may augment clinical assessment and provide informa-
tion that can direct, or inform outcomes of, interventions.
COP measures that reveal paretic and nonparetic lower limb
contribution to balance control may be particularly promis-
ing. Future research is warranted to aid in the development of
clinically friendly formats and to advance the standardization
and clinical interpretation of these measures.
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