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HIGHLIGHTS

* Balance impacts functional tasks in Parkinson’s disease patients.
* Specific treatment for balance deficits in Parkinson’s disease patients.
* BESTest X force platforms.

ARTICLE INTFO ABSTRACT
Keywords: Introduction: An accurate assessment of balance problems is critical for decreasing the risk of falling in patients
Aging with Parkinson’s Disease (PD). Reliable diagnostic tools such as Computerized Dynamic Posturography (CDP) are

Parkinson’s disease not feasible for the clinical setting. Therefore, the present study’s aim was to assess the correlation between the

clinical Balance Evaluation Systems Test (BESTest) and CDP.

Methods: 20 male older adults with Parkinson’s Disease (PD) were included in this study. Participants first exe-
cuted the Sit-To-Stand (STS), Step/Quick turn (SQT), and Step Up and Over (SUO) tests on a Balance Master®
force platform, followed by a clinical balance evaluation using the BESTest.

Results: Four outcomes of the CDP were negatively correlated with one or more BESTest domains or total BESTest
score: STS sway velocity was negatively correlated with the anticipatory postural adjustment (p = 0.02) and sen-
sory orientation (p = 0.01) domains. SQT turn time was negatively correlated with biomechanical restriction (for
turns to the left, p = 0.01, and right, p = 0.03, respectively), postural response (p = 0.01, p = 0.01), dynamic
balance during gait (p = 0.007, p = 0.001), and total score (p = 0.02, p = 0.01). Step over time to the right in
SUP was negatively correlated with the limits of the stability domain (p = 0.002) and total BESTest score
(p = 0.020). SUO impact index was negatively correlated with the anticipatory postural adjustment domain
(p = 0.01).

Conclusion: This study shows that several BESTest domains are significantly correlated with CDP outcomes, dem-
onstrating that the BESTest can be used as a more clinically feasible alternative for computerized posturography,
without loss of information.
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Introduction

Parkinson’s Disease (PD) is one of the most important chronic dis-
eases that arise during the aging process, due to the gravity of its symp-
toms and its high prevalence in elders." PD is characterized by a
progressive degeneration of dopaminergic neurons of the substantia
nigra, located in the compact zone of the mesencephalon.” Motor signs
in PD include resting tremor, muscular rigidity, freezing of gait, bradyki-
nesia, a shuffling gait, and postural instability.>

As PD develops, there is a progressive worsening of postural balance,
which is associated with falls, limited mobility, and loss of indepen-
dence.” These symptoms make balance an important issue to target in
rehabilitation. To effectively improve balance — or to prevent a regres-
sion in balance — it is important to tailor the rehabilitation to the needs
of the individual. For this, an accurate assessment of balance is needed.”

Computerized Dynamic Posturography (CDP) is a reliable method to
assess balance control and to evaluate the integration of the visual,
somatosensory, and vestibular systems in maintaining balance. In CDP,
balance test protocols, such as sensory interaction on balance, perturbed
balance control, and limits of stability, are performed on a force plat-
form, giving feedback on postural instability and which sensory dysfunc-
tions could be associated with any discovered imbalance. Although CDP
is a reliable method for cataloging postural instability, for health care
providers, for example, its use is limited due to high costs and limited
portability.>”

Functional balance tests, like the BESTest, are a feasible alternative
to evaluate balance for health care providers. The BESTest shower speci-
ficity 0.92, the results corroborate the diagnostic and screening func-
tions of the BESTest and indicate that the Brazilian versions exhibit
adequate reliability, construct validity, response stability, and capacity
to distinguish among various balance ability levels in older adults and
individuals with PD.® The BESTest items are clustered in sections corre-
sponding to the six underlying systems that may constrain balance: bio-
mechanical, stability limits, postural responses, anticipatory postural
adjustments, sensory orientation, and dynamic balance during gait.>°

For persons with PD, it is not clear how functional tests, like the
BESTest, and biomechanical tests can be combined to understand the
PD’s postural issues. In fact, to properly tailor the balance interventions
during rehabilitation, therapists need to be able to detect the postural
instabilities in PD to decrease the risk of falling. Therefore, the aim of
this study was to investigate the correlation between Computerized Pos-
turography and BESTest evaluation in persons with Parkinson’s disease.
Correlations between the two test outcomes can help clinicians.

Therefore, the aim of this study was to investigate the correlation
between systems that involve postural balance, as tested with CDP, and
functional tasks, as documented by the BESTest. Correlations between
the two test outcomes can help clinicians gain more information from
the BESTest, without needing expensive force platforms.

Methods

This cross-sectional study was approved by the Research Ethics Com-
mittee of the University of Sao Judas Tadeu (CAAE
53,406,116.2.0000.0089). It was developed at the Laboratory for the
Study of Movement, Institute of Orthopedics and Traumatology, School
of Medicine at the Universidade de Sao Paulo (FMUSP) and the Universi-
dade Sao Judas Tadeu (USJT), Sao Paulo, SP, Brazil.

Participants

It was a convenience sample, with twenty (n = 20) persons with PD
with a media age of (67.1 + 5.8 years-old) were included in this study.
The inclusion criteria were: a Mini-Mental State Examination (MMSE)'°
score > 24; no other diseases, injuries or surgeries to the musculoskeletal
system that could influence mobility; and no concomitant treatment
with experimental drugs. The participants had to show a PD diagnosis

Clinics 79 (2024) 100382

Table 1
Demographic Characteristics of subjects with PD.

M (SD)
Age (years) 67.1(5.8)
Weight (kg) 63.0 (8.8)
Height (cm) 160 (5.4)
Years of diagnostic (years) 11.5(5.7)
UPDRS — motor score 9.6 (2.5)
Hoehn & Yahr 2.5(4.2)

UPDRS, Unified Parkinson’s Disease Rating Scale.

with stages 1 to 3 on the Hoehn and Yahr modified Scale (H & Y
Scale).'! Candidates were selected to participate in this study from the
Neurology Service at the Hospital das Clinicas (HC) - FMUSP. The par-
ticipant’s demographic characteristics are described in Table 1.

Measures

For all participants, balance control was tested in two ways: first via
Computerized Dynamic Posturography (CDP), and secondly with the
clinical BESTest. Additionally, disease severity was assessed using the
motor section III for the Unified Parkinson’s Disease Rating Scale
(UPDRS) during the “on” period of the disease.

Computerized dynamic posturography

The balance control evaluation was performed on the NeuroCom Bal-
ance Master® force platform system (NeuroCom International, Inc.,
Clackamas, OR, USA). This is a dual™force plate system that can be used
to measure the vertical forces exerted by the patient’s feet.'® Three test
protocols were selected for this study, namely: sit to stand; step/quick
turn; and step up and over. For all three protocols, three trials were
conducted."!

1) Sit-to-Stand Test (STS): The patient started from a seated position on
a bench without a backrest or arm support, with knees flexed 90°
and heels 10 cm apart. Upon visual and auditory instruction (a green
signal at the top of the screen plus a verbal command), the partici-
pant had to stand up from the bench and hold steady, looking at a
fixed point at eye level, with the arms relaxed beside the body. Dur-
ing the test, the weight transfer time (time required to transfer from
the buttock to the feet), rising index (vertical force required to rise),
weight symmetry (the symmetry between the left and right legs dur-
ing rising), and COG sway velocity were recorded.”""

Step/Quick Turn (SQT): In this test, the patient started in a standing

position and was instructed to take two steps forward, turn 180°,

and return to the start location. This task was repeated six times (3 to
the left and 3 to the right). The turn-time and turn-sway velocity
were recorded.”!!

3) Step Up and Over (SUO): The patient started in a standing position.
Upon a visual signal (green light) and a verbal command (“climb
up”), the participant stepped forward onto a curb with the left foot,
lifting the body up and over the curb, to step down with the right
foot on the other side of the curb. The movement was finished by
placing the left foot parallel to the right food on the other side of the
curb. The participant was not allowed to touch the curb with the
swing leg. After three trials with one foot, the order was reversed.
The measured parameters were the lift-up index (maximum vertical
force exerted by the step-up leg), movement time (average time
needed to complete the step-over), and the impact index (average
maximum vertical force during landing of the swing leg).”

2

—

Balance evaluation systems test (BESTest)

Static and dynamic clinical balance assessments were performed
using the BESTest. The BESTest is a 36-item clinical assessment tool,
developed to assess balance across six domains of postural control: bio-
mechanical constraints; limits of stability; postural response to induced
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Table 2
Correlation between BESTest and functional tasks in elderly with DP.
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Biomechanical Limits of Stability r Transitions/ Reactive postural r Sensory Orientationr  Gait Stability r(p) Total Score r(p)
restriction r(p) (p) Anticipatory r(p) ()] (p)
STEP/QUICK TURN
Turn Time L (s) —0.53 (0.01)* —0.24 (0.32) —0.53 (0.01)* —0.22 (0.353) —0.41 (0.08) —0.60 (0.007)"" —0.52 (0.022)*
Turn Time R(s) —0.48 (0.03)* —0.04 (0.84) —0.56 (0.01)* —0.41 (0.07) —0.40 (0.08) -0.70 (0.001)™  —0.54 (0.01)*
Turn Sway L (°/s) —0.18 (0.44) —0.08 (0.73) 0.05 (0.82) 0.01 (0.95) 0.10 (0.68) —0.40 (0.07) —0.07 (0.75)
Turn Sway R (°/s) —0.14 (0.56) 0.09 (0.69) —0.20 (0.41) —0.24 (0.31) 0.09 (0.69) —0.57 (0.01)* —0.17 (0.48)
SIT TO STAND
WT Transfer (s) —0.32(0.18) —0.19 (0.42) —0.20 (0.40) 0.22 (0.35) —0.032(0.89) —0.02 (0.92) —0.10 (0.67)
Rising index (%) —0.18 (0.44) —0.24 (0.30) —0.25 (0.30) —0.51 (0.02)* —0.55 (0.01)* —0.20 (0.39) —0.44 (0.06)
COG Sway (°/s) —0.08 (0.72) 0.04 (0.86) 0.02 (0.91) —0.01 (0.97) —0.11 (0.62) 0.06 (0.80) —0.03 (0.90)
STEP UP AND OVER
Lift Up Index L (%) 0.10 (0.69) 0.17 (0.51) 0.07 (0.77) —0.11 (0.68) —0.10 (0.70) 0.13 (0.60) 0.04 (0.86)
Lift Up Index R (%) —0.11 (0.66) —0.05 (0.84) 0.02(0.93) —0.24 (0.36) —0.30 (0.24) 0.01 (0.95) —0.18 (0.50)
Movement Time L —0.242 (0.36) —0.44 (0.08) —0.230 (0.39) —0.143 (0.59) —0.023 (0.93) —0.275 (0.30) —0.286 (0.28)
(s)
Movement Time R —0.41 (0.11) —0.72 (0.002)* —0.49 (0.05) —0.27 (0.30) —0.30 (0.25) —0.34(0.19) —0.57 (0.02)*
(s)
Impact Index L (%)  —0.02(0.92) —0.07 (0.78) —0.17 (0.51) —0.58 (0.01)* —0.29 (0.27) 0.21 (0.43) —0.25(0.35)
Impact Index R (%) 0.06 (0.82) 0.04 (0.98) —0.06 (0.82) —0.25 (0.25) —0.26 (0.31) 0.09 (0.73) —0.12 (0.64)

L, Left; R, Right; WT, Weight Transfer; COG, Center of Gravity.

loss of balance; anticipatory postural adjustments; sensory orientation;
and dynamic balance during gait. Scoring of each item is done on a
range of 0 (severe impairment) to 3 (no impairment).®'?

Assessment of motor function: unified parkinson’s disease rating scale
(UPDRS)

Motor function was assessed using the Unified Parkinson’s Disease
Rating Scale (UPDRS), which is an instrument/scale with excellent reli-
ability (r = 0.96) and validity (convergent validity and criteria-related),
qualifying it as a good method for evaluating PD (section III)."*

Statistical analysis

All statistical analyses were conducted using SPSS for Windows 20.0
and statistical significance was set at p < 0.05. For all variables, normal-
ity was checked using the Kolmogorov-Smirnov Test and descriptive sta-
tistics (mean, standard deviation and frequencies) were calculated. The
Pearson correlation test was applied to measure the correlation between
the outcome variables of all three CDP tests and the BESTest domains.

Results

Table 2 shows all results for the correlation analyses between CDP
outcome variables and the BESTest scores.

For the STS test, a negative correlation was found between sway
velocity in standing position and two BESTest domains: anticipatory pos-
tural adjustment p = 0.02 and sensory orientationp = 0.01).

For the SQT test, a negative correlation was found between turn time
to both sides (Left, L, and Right, R) and several BESTest domains: bio-
mechanical restriction (L: p = 0.01, and R: p = 0.03), postural response
(L: p = 0.01, and R: p = 0.01), dynamic balance during gait (L:
p = 0.007, and R: p = 0.001), and total score (L: p = 0.02, and R:
p = 0.01).

For the SUO test, a negative correlation was found between move-
ment time to complete the step over with the right side first and BESTest
limits of the stability domain (p = 0.002) and the total score (p = 0.02),
as well as between impact index and the anticipatory postural adjust-
ment domain (p = 0.01).

Discussion
The main finding of the study is that functional tasks such as walking

and turning, climbing and descending stairs, and sitting and standing
are correlated with different balance control domains, defined by the

BESTest. These findings can be helpful in tailoring rehabilitation pro-
grams for people with PD.

Biomechanical restrictions can impair a walking and turning task.
The score on the biomechanical restrictions BESTest domain was nega-
tively correlated with the time to perform the walking and turning
(SQT) task. This relationship is linked to the quality of the foot support
base, hypomobility (due to PD) leading to postural misalignment, due to
the hypertonic activation of the muscles of the feet. lower limbs that
decrease the ability to generate strength in the functional movement of
the ankle and hip used to stand.'*

The delay in anticipatory adjustments also increased the time to com-
plete the task, corroborating other studies™'*'® that assessed postural
balance and showed that elderly people with PD are able to maintain a
static erect posture with less oscillation of the center of mass of the body
in face of a postural transition that involves repetitive weight change in
the lower limbs, which characterizes lower chances of performing antici-
patory postural strategies and, therefore, a greater risk of falls.

Decreased dynamic balance during gait and the total test score
(BESTest) increased the time to perform the task, this was due to the dif-
ficulty of turning over for the elderly with PD, which is slower and
reveals a narrower support base, consequently a greater number of steps
(small distance between the feet) is needed compared to healthy elderly
people. This increased task time and balance at the end of the test. Other
authors'”-'® state that the elderly with PD are slower to turn to compen-
sate for postural instability. The disease compromises the ability to initi-
ate and organize motor commands, which directly impacts the ability to
turn at high speed or even perform some tasks.'®

In the sitting and standing tasks, the decrease in reactive postural
response (balance strategies) and sensory orientation increased the ris-
ing index (force exerted to rise). During this task in normal individuals,
the center of gravity moves anteriorly and needs to be controlled
through concentric and eccentric contraction of the lower limb muscles,
in order to promote postural adjustment and lead to a stable position on
a bipedal basis,'*° different from it occurs in elderly people with PD,
where there is a delay in adjustment, due to a failure in automatic motor
control that requires rapid muscle response.'®

In patients with PD, this control is hampered by deficits in muscle
strength, deficits triggered not only by sarcomere losses, as in biological
aging, but also by cytoplasmic inclusions, such as Lewy bodies in muscle
cells; and membrane disruption, mitochondrial depolarization, cytoskel-
etal changes, and oxidative stress.?

The muscular impairment of PD significantly affects the ability to
recruit motor units, and therefore the control needed for agonist-antago-
nist synergy and as a compensation strategy increases the strength of the
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lower limbs to push the platform. Further, individuals with PD have dif-
ficulty maintaining steady upright posture and responding to external
and internal perturbations.'*"*

Decreasing stability limits and total score increases the time to per-
form the task of going up and down stairs. PD patients have lower COP
oscillation'®?? and lower stability limits (maximum swing of the center
of gravity) that are related to postural inflexibility."*

A lower stability limit promotes impairments in postural corrections
during the task of going up and down stairs and thus increases the task
execution time.?® Furthermore, correlations are found between the step-
over-obstacle task and executive function. This task requires executive
function (problem-solving, sequencing, shifting attention), which is
affected by PD.**

In this same task, elderly people with PD unloaded more body weight
on the left side (Impact Index L) when they presented worse postural
reactive. It is suggested that PD postural instability triggers poor antici-
patory control.> That alters weight bearing during dynamic tasks. Other
examinations have revealed individuals with PD have difficulty sequenc-
ing motor programs for postural correction during perturbations.'? Simi-
larly, the underlying problem of akinesia is an inability to drive the
necessary motor output to a complete complex task.

The disease causes damage to motor sequence components (e.g.,
weight transfer difficulty) and risk of falling” and the greatest impact
force on one side of the limbs during the task would have been indica-
tive of a compensatory strategy to decrease tal risco — the risk of falling.*”
The ability to negotiate obstacles in the environment is required for
independent living. This task may become particularly difficult as
strength and postural stability are compromised during the aging pro-
cess and/or in a progressive disease state such as in Parkinson’s Disease
(PD). Because a trip is one of the most common contributors to a fall,2®
understanding the movement characteristics of stepping up and over an
obstacle is critical for fall prevention and interventions in individuals
with Parkinson’s disease.

The clinical implications of the study are related to the contribution
to a better knowledge of the disease in relation to functionality, pointing
to possible guidelines on how to conduct an exercise program that can
improve the functional activities of elderly people with PD. Including an
exercise routine that improves biomechanical restrictions, especially
those of ankle, knee and hip, stability limits, postural responses, antici-
patory postural adjustments, sensory orientation, and dynamic balance
during gait will make elderly people with PD more confident to perform
functional tasks. Leaving them more confident and prepared to act more
assertively.

In this study, sample size calculation was not performed, which may
be a limitation of the study, the sample size. In addition, evaluating each
postural balance system accurately and reliably in a computerized and
segmented way still makes this a limitation of biomechanical studies, it
is not possible to differentiate the systems within the same evaluation.

Conclusion

The worst performance in systems involving postural balance nega-
tively impacts the functional tasks of daily life in individuals with PD.
The study demonstrates the need to assess systems as a way of contribut-
ing to the specific treatment of balance deficits in elderly people with
PD.
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