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ORIGINAL ARTICLE

Mediolateral Postural Control during Gait in
Parkinson’s Disease
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Kohei Marumoto, MD, PhD ¢ Mika Kawami, OTR ¢ So Matsugashita, OTR, MSc ¢
Tsuyoshi Kozuki, RPT ? and Toshihiro Akisue, MD, PhD P

Objectives: Balance in the mediolateral direction is usually maintained in patients with early-
stage Parkinson’s disease (PD), but not in moderate-stage PD as revealed by the Tandem Gait
Test. Although mediolateral postural control in PD patients remains controversial, previous
studies have shown that the Tandem Gait Test may predict the risk of future falls in patients
with PD. This study aimed to clarify postural control differences among PD patients with and
without mediolateral balance impairments (MLBI: mediolateral balance impairments, nMLBI:
non-mediolateral balance impairments, respectively) and healthy controls (HCs). Methods: We
recruited 40 PD patients and 20 HCs. According to the Tandem Gait Test score, PD patients were
divided into MLBI and nMLBI groups. Primary outcome measures were the ambulatory move-
ment trajectory amplitude of the center of mass and its coefficient of variation (CV) during gait.
Results: Mediolateral movement trajectory amplitudes and CV were not significantly different
between the nMLBI group and HCs, whereas the mediolateral movement trajectory amplitude
in the MLBI group was significantly higher than that in the nMLBI group. Moreover, the CV
of the mediolateral movement trajectory amplitude in the MLBI group was significantly lower
than that in the nMLBI group. The mediolateral movement trajectory amplitude was significantly
correlated with the fall score. Conclusions: The current results suggest that PD patients with
mediolateral balance impairments showed mediolateral postural sway during gait compared with
PD patients without mediolateral balance impairments. It is necessary to focus on the instabilities
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in the mediolateral direction to avoid falls in PD patients.
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INTRODUCTION

It is well known that recurrent falls are common in people
with Parkinson’s disease (PD).) The consequences are often
fractures, fear of falling, decreased activity levels, and re-
duced quality of life.!”¥ Therefore, it is important to prevent
recurrent falls in PD patients, and it is necessary to identify
predictors of recurrent falls. According to previous studies,

postural control deficits, freezing of gait (FOG), a previous
history of falls, decreased leg strength, and cognitive impair-
ment can be used as predictors of recurrent falls.*~”)
Regarding postural control deficits in the forward—back-
ward direction, most falls in PD patients occur in the forward
direction.® Postural control in the forward—backward direc-
tion such as rise to toe and compensatory stepping-backward
are risk factors associated with recurrent falls.” Early-stage
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PD patients had smaller stability areas in the forward direc-
tion compared with those of healthy controls (HCs).!%1?
Moreover, PD patients with FOG are predisposed to falling
forwards and have a reduced ability to voluntarily lean
forward compared with PD patients without FOG.%!® There-
fore, the center of pressure (COP) of PD patients with FOG
shifts backward as a compensatory strategy to avoid forward
falls.'*!> As a result, postural control in the forward—back-
ward direction may be impaired from the early stage and may
be one of the risk factors associated with recurrent falls.® ')

Concerning postural control in the mediolateral direction,
patients with moderate-stage PD fail to use side steps, the
so-called step strategy, and fall during external perturbation
tasks on a movable platform with lateral translation.'® As
revealed by the Ten-Step Test, these patients also tend to
frequently use side steps in tandem gait."” The Tandem Gait
Test is used to assess postural control in the mediolateral di-
rection, and an inability to perform tandem gait predicts the
risk of future falls in patients with moderate-stage PD.>) By
contrast, 92% of early-stage PD patients take no side steps
during tandem gait; that is, they do not need a step strat-
egy.'® Moreover, PD patients in the early-to-moderate stage
of disease show sufficient stability similar to that of HCs
during weight-shifting tasks in the mediolateral direction.'?
Therefore, postural control in the mediolateral direction
may differ according to the PD stage. It remains unknown
whether postural control deficits in the mediolateral direc-
tion during weight-shifting tasks and gait are associated with
PD severity and falls, although mediolateral postural sway
in PD patients is associated with falls and disease severity in
the static stance task.!*2%

Mediolateral postural control deficits during gait in other
neurodegenerative diseases are often compensated for by
increased step width to avoid falls in the mediolateral direc-
tion.”! Although postural control in the mediolateral direc-
tion in moderate-stage PD seems to be impaired, the step
width in these patients is usually normal or narrow compared
with those affected by other neurodegenerative diseases,
such as idiopathic normal pressure hydrocephalus.?) Wide
step widths are thought to prevent falling during gait by
increasing the control over the center of mass (COM), which
can result in movement limitations in the mediolateral di-
rection. However, patients with moderate-stage PD cannot
control the COM in the mediolateral direction and tend to
fall because their step widths seem to be narrow. Therefore,
adjusting trunk movement is important for PD patients to
avoid falls in the mediolateral direction instead of adjusting
step width.

To assess postural control deficits in the mediolateral
direction during gait in patients with PD, few studies have
reported trunk movement trajectory amplitudes using tri-
axial accelerometers. A previous study has shown that the
trunk movement trajectory amplitude and its coefficient of
variation (CV) during gait are smaller in patients with PD
than in those with other neurodegenerative diseases, such as
spinocerebellar degeneration.>? To date, no study concern-
ing these parameters has been conducted to compare PD
patients with HCs or to categorize subgroups based on PD
severity.??)

We hypothesized that patients with PD can be classified
into two subgroups: those with mediolateral balance im-
pairments (MLBI) and those without mediolateral balance
impairments (nMLBI). We also considered that the MLBI
group may show a narrower stability area in the mediolateral
direction during a weight-shifting task, as well as higher
mediolateral postural sway and CV during gait. Therefore,
this study aimed to clarify the mediolateral postural control
difference among three groups (HCs, MLBI, and nMLBI
groups) during weight-shifting tasks and gait.

MATERIALS AND METHODS

Participants

For this study, 40 PD patients and 20 age-matched HCs
were recruited. The study protocol was approved by the
ethics boards of Hyogo Prefectural Rehabilitation Hospital
at Nishi-Harima (Approval No. 1806) and Kobe University
Graduate School of Health Sciences (Approval No. 794). All
participants provided written informed consent according to
the Declaration of Helsinki. The inclusion criteria were as
follows: (1) a clinical diagnosis of idiopathic PD according
to the United Kingdom Parkinson’s Disease Society Brain
Bank,?? (2) age between 40 and 90 years, and (3) ability to
walk for 10 m and tolerate a bipedal standing position for
2 min without assistance. The exclusion criteria were as fol-
lows: (1) presence of dementia as defined by a Mini-Mental
State Examination (MMSE) score of 23 or less, (2) presence
of neurological disease other than PD or musculoskeletal dis-
ease, (3) severe dyskinesia, and (4) severe “on/off” fluctua-
tions. Demographic characteristics of HCs and PD patients
were recorded as age, sex, height, weight, MMSE score, and
Timed Up and Go (TUG) test time. Further disease-specific
information was gathered for PD patients, including disease
duration, Hoehn and Yahr stage (HY stage), the levodopa
equivalent dose (LED),?¥ Unified Parkinson’s Disease Rat-
ing Scale (UPDRS) part III,> pull test score (defined as
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UPDRS item 30), fall score (defined as UPDRS item 13), and
Montreal Cognitive Assessment. All PD patients were evalu-
ated in the “on” state of their medication.

Ten-Step Test

The Ten-Step Test was applied to all participants.'”'®) They
were allowed to visually explore a straight line on the floor
and were then asked to take ten tandem steps along the line.
The participants wore a belt with handles at their waist. An
assessor behind the participant carefully monitored whether
each step was on the line and whether the heel of one foot
touched the toe of the other. When participants were un-
able to maintain their balance, the assessor supported the
participants to prevent falls. This test was performed three
times and was scored as follows: 0, no side steps; 1, a single
side step; 2, multiple side steps; and 3, unable to take four
consecutive steps.'”!® According to the mean score of the
three trials, PD patients were classified as MLBI (score >1)
or nMLBI (score <I).

Gait Assessment Procedure

The primary outcome measures were ambulatory COM
trajectory amplitude and its CV during gait at a comfortable
speed assessed by a triaxial accelerometer (MG-M1100, LSI
Medience, Tokyo, Japan).2®) This device was attached to the
lower back at the L3 vertebra level (approximate center of
mass) using a belt.?®) The participants were instructed to walk
at a comfortable speed without walking aids or assistance.
The walkway in this test was a 16-m straight path with a 3-m
acceleration section and a 3-m deceleration section.?®) The
acceleration signals were recorded every 10 ms and imported
into a dedicated software application (MGI1100-PC, Gait
View, Tokyo, Japan). The movement trajectory amplitudes
in the mediolateral (ML) and vertical (VT) directions were
calculated for the double integral of the acceleration signals.
In addition, the step stride and the movement trajectory
amplitudes in the ML and VT directions were normalized
according to participant height. The trajectory amplitude
represents COM movement, and the CV was calculated as
follows: (standard deviation of the movement trajectory
amplitude / mean of the movement trajectory amplitude) x
100.29 This gait assessment was performed three times. Data
are presented as the mean value of the three trials.

COP Analysis to Assess Postural Control

The secondary outcome measure was the COP analysis
value in postural control tests performed on a force plate
(MG-1120, Anima, Tokyo, Japan). Vertical forces were

recorded on the force plate at a sampling rate of 50 Hz.
Participants were instructed to stand barefoot on the force
platform with feet fixed at parallel taped lines (10 cm heel-
to-heel distance) with arms alongside the body. Participants
were instructed to fixate a marker 2 m in front of them at
a height matched to their line of sight. The assessor stood
behind the participant for safety. Postural control examina-
tions consisting of two tasks were performed according to a
previous study.!? First, participants were instructed to stand
in an upright position, and the COP trajectory was recorded
for 30 s (quiescent standing test). Second, participants were
instructed to lean maximally forward, backward, right, and
left without moving their feet or bending their hips (voluntary
four-directional leaning test). The participants were asked to
maintain the maximum leaning posture without swaying,
and the COP trajectory in each direction was recorded for 10
s. Before these trials, the participants practiced this test once
to perform the aforementioned steps.

The locus length, sway area, and locus length per unit
area were calculated using COP analysis.'” In addition, the
locus length and sway area were normalized according to
participant height. In the voluntary four-directional leaning
test, the mean values of the forward, backward, right, and
left displacements were calculated. The stability range and
area were calculated as follows: forward—backward stability
range = (forward—backward moving distance / participant’s
foot length) % 100; right-left stability range = (right—left
moving distance / participant’s feet width + 10 cm) % 100;
and stability area = (forward—backward stability range x
right-left stability range)/ 100. Postural control examina-
tions were performed twice. Data are presented as the mean
value of two trials.

Statistical Analysis

Descriptive statistics were compared among the three
groups. Normal distribution was assessed using the Shap-
iro—Wilk test. According to the results, a one-way analysis
of variance (ANOVA) or Kruskal-Wallis test for continuous
variables and Fisher’s exact test for categorical variables
were used to compare the differences among the three
groups. When a significant difference was observed, the
Tukey—Kramer test or Steel-Dwass test was performed as
a post-hoc analysis. Previous study has shown HY stage to
be a confounding factor for the Ten-Step Test.!”'® Thus,
an analysis of covariance (ANCOVA) with HY stage as a
covariate was also performed to compare the differences be-
tween MLBI and nMLBI groups when normally distributed.
Pearson’s correlation analysis was performed to analyze the
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Table 1. Demographic characteristics in each group

P-value  P-value  P-value
HCs (n=20) nMLBI (n=26) MLBI (n=14) P-value HCs vs HCsvs nMLBI
nMLBI MLBI vs MLBI
Age (years) 68.7 (5.7) 69.1 (6.4) 70.9 (4.6) 0.532 0.95° 0.52° 0.64°
Sex (male/female) 8/12 11/15 9/5 0.38° - - -
Height (cm) 159.5 (10.7)  160.0 (10.7)  158.8 (7.6) 0.912 0.98° 0.96" 0.91°
Weight (kg) 60.1 (13.8) 572 (11.4) 59.5 (8.4) 0.672 0.68" 0.99° 0.81°
MMSE 29.1 (1.0) 28.6 (1.2) 28.2 (1.7) 0.244 0.35¢ 0.28¢ 0.90¢
TUG (s) 5.1 (0.6) 7.4 (1.9) 8.2 (1.9 <0.001¢  <0.001°  <0.001° 0.38¢
Ten-Step Test score 0.2 (0.3) 0.2 (0.2) 1.5(0.6) <0.001¢ 0.984 <0.001¢  <0.0014
MOCA - 26.0 (2.0) 252 (2.9) 0.28f
Disease duration (years) - 7.0 4.1) 9.5 (6.3) 0.15°
LED (mg) - 738.8 (281.8) 694.5 (320.0) 0.65°
HY stage (2.0/2.5/3.0/3.5/4.0) - 10/4/11/1/0 2/1/9/1/1 0.23¢
UPDRS part I11 - 21.0 (12.6) 19.2 (10.2) 0.67¢
Pull test (UPDRS item 30) - 0.88 (0.81) 1.21 (0.69) 0.20¢
Fall score (UPDRS item 13) - 0.1 (0.3) 0.6 (1.0) 0.022¢

Data presented as mean (SD) or number.

2 One-way ANOVA; ® Multiple comparison with Tukey's post-hoc test; © Fisher's exact test; 4 Kruskal-Wallis test; ¢ Mul-
tiple comparison with Steel-Dwass post-hoc test; f Independent t-test; $ Mann—Whitney U test.

MOCA: Montreal Cognitive Assessment.

relationships between the fall score (UPDRS item 13) and gait
assessment parameters. Statistical analyses were performed
with R 2.8.1 at an a level of 0.05. Data were expressed as
mean =+ standard deviation.

RESULTS

Participant Characteristics

Table 1 shows the demographic characteristics of HCs and
PD patients. Figure 1 shows the flowchart for the recruit-
ment and allocation of HCs and PD patients. According
to the score of the Ten-Step Test in PD patients, 14 were
classified as MLBI (score >1) and 26 as nMLBI (score <I).
The participants’ age, sex, height, weight, and MMSE score
were comparable among the three groups. The mean TUG
results in the nMLBI and MLBI groups were significantly
higher than that of the HC group, whereas there was no sig-
nificant difference between MLBI and nMLBI groups (HCs
vs nMLBI: P <0.001; HCs vs MLBI: P <0.001; nMLBI vs
MLBI: P=0.38). The mean score of the Ten-Step Test for the
MLBI group was significantly higher than those of the HC
and nMLBI groups, but no significant difference was found
between HCs and the nMLBI group (HCs vs nMLBI: P=0.98;
HCs vs MLBI: P <0.001; nMLBI vs MLBI: P <0.001). The
mean fall score (UPDRS item 13) of the MLBI group was

significantly higher than that of the nMLBI group (P=0.022),
whereas other clinical parameters did not differ between
these groups.

Gait Analysis

Table 2 shows the results of the gait analysis, covering gait
velocity, step stride, VT movement trajectory amplitude, and
the CV of the VT movement trajectory amplitude. The mean
gait velocity in the MLBI group was slower than those of the
HC and nMLBI groups (HCs vs MLBI: P <0.001; nMLBI vs
MLBI: P=0.033), whereas there was no significant difference
between the HC and nMLBI groups. The mean step stride of
the MLBI group was significantly shorter than those of the
HC and nMLBI groups (HCs vs MLBI: P <0.001; nMLBI
vs MLBI: P=0.007). In addition, the mean step stride of the
nMLBI group was significantly shorter than that in HCs
(P=0.012).

The mean VT movement trajectory amplitudes in the
nMLBI and MLBI groups were significantly smaller than
that in HCs (HCs vs nMLBI: P=0.016; HCs vs MLBI: P
<0.001), whereas there was no significant difference between
the nMLBI and MLBI groups. The CV of the VT movement
trajectory amplitude in the MLBI group was significantly
higher than that in HCs (P=0.021). The CV of the VT move-
ment trajectory amplitude in the nMLBI group was not sig-
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Assessed for eligibility Assessed for eligibility
in HCs (n=20) in PD patients (n=42)
Excluded (n=2)
s
SReheEe ) + severe dyskinesia (n=2)
HCs who met inclusion PD patients who met
criteria (n=20) inclusion criteria (n=40)
|Ten-step test Ten-step test |
HCs group nMLBI group MLBI group
(n=20) (n=26) (n=14)
Fig. 1. Flowchart for the recruitment and allocation of HCs and PD patients.
Table 2. Gait analysis in each group
Cor-
P-value P-value P-value rected
(f:g%) Izﬂgg’)l XZLE; P-value HCsvs HCsvs nMLBI P-value
nMLBI MLBI vs MLBI nMLBI
vs MLBI
Gait velocity (m/s) 1.23(0.17) 1.10(0.20) 0.94 (0.18) <0.001*  0.076> <0.001°  0.033>  0.021°
Step stride (m) 0.66 (0.06) 0.58 (0.10) 0.49 (0.07) <0.001% 0.012> <0.001° 0.007°  0.035¢
Movement trajectory a b b b .
amplitude VT (cm) 3.56 (0.64) 2.91(0.89) 2.37(0.64) <0.001 0.016°  <0.001 0.088 0.057
G @imenaie 796 (3.08) 1148 (9.40) 1177(5.72) 00314 0.5 0021 082  NA

trajectory amplitude VT (%)

Data presented as mean (SD).

2 One-way ANOVA; ® Multiple comparison with Tukey's post-hoc test; ¢ One-way ANCOVA ;¢ Kruskal-Wallis test; © Mul-

tiple comparison with Steel-Dwass post-hoc test.
NA, not available.

nificantly different from those of the HC and MLBI groups.
Figure 2 shows the results of gait analysis for the ML
movement trajectory amplitude and its CV. The MLBI group
showed a significantly larger ML movement trajectory am-
plitude and a significantly lower CV than the HC and nMLBI
groups, whereas the ML movement trajectory amplitude and
its CV were not significantly different between the HC and
nMLBI groups. In addition, use of HY stage as a covariate
in ANCOVA did not influence the results of ML movement
trajectory amplitude when compared between nMLBI and
MLBI groups. Similarly, normalization according to par-

ticipant height did not influence the results of the step stride
or the movement trajectory amplitudes in the ML and VT
directions.

Table 3 shows the results of correlation analyses between
the fall score (UPDRS item 13) and gait assessment param-
eters in PD patients. The ML movement trajectory amplitude
was significantly correlated with the fall score (P=0.022),
whereas no other gait assessment parameters showed signifi-
cant correlations with the fall score of UPDRS.

Copyright © 2022 The Japanese Association of Rehabilitation Medicine
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Fig. 2. (A) Movement trajectory amplitude in the ML direction for each group. Bars represent means and error bars repre-

sent standard deviations. (B) CV of movement trajectory amplitude in the ML direction for each group. Boxplots represent

median, interquartile range, and range. Asterisks represent significant differences (P <0.05).

COP Analysis for Quiescent Standing and the
Voluntary Four-directional Leaning Test

Table 4 shows the COP values during postural control
examinations. In the quiescent standing test, the sway area
in the MLBI group was significantly more affected than that
in HCs (P=0.023), whereas there was no significant differ-
ence in other parameters of each group. During the voluntary
four-directional leaning task, the nMLBI group showed
significantly smaller forward—backward stability range
(P=0.032), right—left stability range (P=0.019), and stabil-
ity area (P=0.021) than the HC group. Similarly, the MLBI
group showed significantly smaller forward—backward sta-
bility range (P=0.007), right—left stability range (P=0.006),
and stability area (P=0.001) than the HC group. However,
there was no significant difference in these results between
nMLBI and MLBI groups. Additionally, no significant dif-
ference was observed between the three groups for locus
length, sway area, or locus length per unit area in each direc-
tion. Normalization by participant height did not influence
the results for locus length or sway area.

DISCUSSION

In this study, according to the mean score of the Ten-Step
Test, patients with PD were classified as nMLBI (score <I)
or MLBI (score >1)."!® To our knowledge, no other stud-
ies have compared PD patients and HCs based on the trunk
movement trajectory amplitude and its CV during gait, nor
have they categorized subgroups based on PD severity. In

addition, the postural control difference between PD patients
and HCs in the mediolateral direction during weight-shifting
tasks is controversial. Therefore, we aimed to address differ-
ences in mediolateral postural control among three groups
(HCs, MLBI and nMLBI groups) during the weight-shifting
task and gait. In patients with PD, both the right—left stabil-
ity range and the forward—backward stability range were
smaller than those in HCs during the weight-shifting task.
The novel finding in this study was that patients in the MLBI
group showed mediolateral postural sway and low variability
during gait (Fig. 2).

In postural control examinations using a force plate, the
movement of the COP was assessed and calculated as the
stability area of the participants. In general, postural control
is more stable with a wider stability area. Similarly, in the
voluntary four-directional leaning test, postural control
is more stable with a smaller sway area. Previous studies
showed that the right-left stability range in PD patients
equaled that in HCs in the voluntary four-directional lean-
ing test, although the forward—backward stability range in
PD patients was smaller than that in HCs.!"'? The present
study showed that both the right-left stability range and the
forward—backward stability range in the MLBI group were
not different from those in the nMLBI group, although those
parameters in both nMLBI and MLBI groups were smaller
than those in HCs. These results suggest that PD patients
may have postural control deficits in each of the four direc-
tions, not only in the forward—backward direction. The pres-
ent study also suggests that for patients with PD, therapeutic
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Table 3. Correlations between fall score (UPDRS item 13) and gait assessment parameters in PD

patients
P-value
PD patients (n=40)
Gait velocity 0.53 (0.10)
Step stride 0.60 (=0.08)
Movement trajectory amplitude ML 0.022 (0.36)
CV of movement trajectory amplitude ML 0.57 (-=0.09)
Movement trajectory amplitude VT 0.22 (-0.19)
CV of movement trajectory amplitude VT 0.59 (0.08)

Pearson's correlation coefficients shown in parentheses.

approaches may be necessary to widen the stability range
not only in the forward—backward direction but also in the
right-left direction.

In the gait analysis, ANCOVA was performed with HY
stage as a covariate to compare the differences between
MLBI and nMLBI groups. Other factors relating to disease
severity (disease duration, LED and UPDRS part III) were
comparable between nMLBI and MLBI groups. Therefore,
gait analysis in the present study suggests that MLBI group
is a subgroup with mediolateral balance impairments in
patients with PD rather than a subgroup with classification
determined by disease severity. The MLBI group showed a
significant increase of ML movement trajectory amplitudes
compared with the HC and nMLBI groups, whereas there
was no significant difference in ML movement trajectory
amplitudes between the HC and nMLBI groups. In addition,
the MLBI group had a low variability in mediolateral trajec-
tory amplitude compared with HCs and nMLBI group during
gait. In patients with neurodegenerative diseases other than
PD causing mediolateral balance impairments, both ML am-
plitudes and their CVs are higher than HCs during gait,?>29
which was not the case in the current study. The difference
in the variability of ML amplitudes between PD and other
neurodegenerative diseases during gait may be explained by
bradykinesia in PD patients with basal ganglia disorders, in
contrast to patients with other neurodegenerative diseases
causing ataxia or disequilibrium.?”> The MLBI group also
showed significantly slower gait velocities and shorter step
strides than the nMLBI group, indicating that bradykinesia
is more severe during gait in the MLBI group than in the
nMLBI group. However, the MLBI group showed high ML
amplitudes and low variability in the mediolateral direction
during gait. Moreover, the sway area in the MLBI group dur-
ing the voluntary left-right leaning test is comparable with
those in HC and nMLBI groups by COP analysis (Table

4), indicating that the MLBI group may maintain postural
control in the mediolateral direction to avoid exceeding their
right—left stability ranges. Taken together, the low variability
in ML amplitudes may be a compensatory strategy for PD
patients to not widen their mediolateral postural sway during
gait. It may be speculated that bradykinesia in PD patients
provides postural control in the mediolateral direction with
low variability of ML amplitudes during gait.

The fall score in the MLBI group was higher than that in
the nMLBI group. In addition, the ML movement trajec-
tory amplitude was significantly correlated with the fall
score, whereas no other gait assessment parameters showed
significant correlation with the fall score. Previous studies
have shown that tandem gait may predict the risk of future
falls in PD patients, although most falls in PD patients oc-
cur in the forward direction.®? Therefore, to avoid falls in
MLBI patients, it is necessary to also focus on instabilities
in the mediolateral direction and not only on those in the
forward—backward direction, even though the ML amplitude
variability during gait is normal-to-low in PD patients. PD
patients have large mediolateral postural sway during ex-
ternal perturbation tasks with narrow stance width.?® The
current and previous studies suggest that physical therapists
should advise PD patients to widen their step width during
gait to decrease the fall risk. This is because wider step
widths may compensate for instabilities in the mediolateral
direction caused by large mediolateral postural sway.

This study has several limitations. First, PD patients were
evaluated in the “on” state of their medication. Therefore,
mediolateral postural sway in PD patients may not be ap-
plicable to PD patients in the “off” state. Second, questions
remain concerning the association between mediolateral
postural sway and disease severity because we did not test
postural control in the mediolateral direction according to
disease severity. Third, this was a cross-sectional study. Fu-
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Table 4. COP analysis of each group

P-value P-value P-value
HCs (n=20) Ig;fgg)l MLBI (n=14) P-value HCsvs HCsvs nMLBI
nMLBI  MLBI %
Quiescent standing
Locus length (cm) 859 (13.8) 89.6(217) 978(181) 0.19°  077° 017 039
Sway area (cm?) 11(0.5)  L8(LD) L9 (L) 0016° 00504 0023 0929
Locus length per unit area 1022 (68.7) 667 (38.8) 73.5(587) 0.068 0.072¢ 018! 099
(cm/cm?)
Voluntary forward leaning
Locus length (cm) 36.2(5.5)  361(113) 369(79) 095 099 097  0.95b
Sway area (cm?) 13(0.6)  1.2(0.8) 1105  050° 059 0560 0.95¢
Locus length per unit area 434 (379) 522(58.1) 42.1(20.5) 074 087  076¢  0.89¢
(cm/cm?)
Voluntary backward leaning
Locus length (cm) 38.1@4.8) 376(102) 393(8.3) 054 0560 095¢ 0714
Sway area (cm>) 15(09)  13(08  12(0.5 063 077 063 093¢
Locus length per unit area 379(22.4) 442(@56) 427(233) 061° 099 065 065
(cm/cm?)
Voluntary right leaning
Locus length (cm) 36.5(58) 337(9.0) 36881 037 046> 099 047
Sway area (cm>) 16(09)  12(07)  13(0.5) 038 035 0894 075
Locus length per unit area 313 (16.6)  49.0(50.9) 32.8(141) 067 0660 084 097
(cm/cm?)
Voluntary left leaning
Locus length (cm) 36.6(5.6) 332(80) 371(88) 019 030>  097° 027
Sway area (cm2) 173 (1.0) 13(0.8)  13(04) 045 0449 065 099
Locus length per unit area 284(13.5) 352(208) 317(120) 068 073 075 097
(cm/cm?)
Forward—backward stability range (%) 38.5 (8.1) 314 (10.2) 31.0(5.3) 0.006*  0.032b 0.007>  0.98>
Right—left stability range (%) 497(52) 426(112) 402(©1)  0001* 0019  0.006> 074>
Stability area (%) 195(5.8) 141(7.1)  127(43) <0.001* 002> 0001 071

Data presented as mean (SD).

2 One-way ANOVA; ® Multiple comparison with Tukey's post-hoc test; ¢ Kruskal-Wallis test; ¢ Multiple comparison with

Steel-Dwass post-hoc test.

ture studies should address whether postural control in the
mediolateral direction is impaired as PD progresses.

CONCLUSION

This study suggests that PD patients with mediolateral
balance impairments showed mediolateral postural sway
during gait compared with those without mediolateral
balance impairments. The low variability of mediolateral
COM movements may compensate for instability caused
by mediolateral postural sway during gait in PD patients
with mediolateral balance impairments. However, the low

variability of mediolateral COM movements may lead to a
narrow movement area and, thus, not contribute to prevent-
ing falls in PD patients. Taken together, in the rehabilitation
approach for PD patients, it may be important to widen the
stability area in the mediolateral direction and correct the
stance width to decrease the fall risk.

ACKNOWLEDGMENTS

We thank the medical staff of Hyogo Prefectural Hospital
at Nishi-Harima for their cooperation in this study.

Copyright © 2022 The Japanese Association of Rehabilitation Medicine



Prog. Rehabil. Med. 2022; Vol.7, 20220048

CONFLICTS OF INTEREST

The authors have no conflicts of interest to declare.

REFERENCES

. Allen NE, Schwarzel AK, Canning CG: Recurrent falls
in Parkinson’s disease: a systematic review. Parkinsons
Dis  2013;2013:906274.  DOI:10.1155/2013/906274,
PMID:23533953

. Adkin AL, Frank JS, Jog MS: Fear of falling and
postural control in Parkinson’s disease. Mov Dis-
ord 2003;18:496-502. DOI:10.1002/mds.10396,
PMID:12722162

. Bloem BR, Grimbergen YA, Cramer M, Willemsen
M, Zwinderman AH: Prospective assessment of falls
in Parkinson’s disease. J Neurol 2001;248:950-958.
DOI:10.1007/s004150170047, PMID:11757958

. Paul SS, Canning CG, Sherrington C, Lord SR, Close
JC, Fung VS: Three simple clinical tests to accurately
predict falls in people with Parkinson’s disease. Mov
Disord 2013;28:655-662. DOI:10.1002/mds.25404,
PMID:23450694

. Canning CG, Paul SS, Nieuwboer A: Prevention of
falls in Parkinson’s disease: a review of fall risk factors
and the role of physical interventions. Neurodegener
Dis Manag 2014;4:203-221. DOI:10.2217/nmt.14.22,
PMID:25095816

. Ashburn A, Stack E, Pickering RM, Ward CD: Predict-
ing fallers in a community-based sample of people with
Parkinson’s disease. Gerontology 2001;47:277-28]1.
DOI:10.1159/000052812, PMID:11490147

. Latt MD, Lord SR, Morris JG, Fung VS: Clinical and
physiological assessments for elucidating falls risk in
Parkinson’s disease. Mov Disord 2009;24:1280—1289.
DOI:10.1002/mds.22561, PMID:19425059

. Pressley JC, Louis ED, Tang MX, Cote L, Cohen PD,
Glied S, Mayeux R: The impact of comorbid disease
and injuries on resource use and expenditures in par-
kinsonism. Neurology 2003;60:87-93. DOI:10.1212/
WNL.60.1.87, PMID:12525724

. Schlenstedt C, Brombacher S, Hartwigsen G, Weisser
B, Moller B, Deuschl G: Comparison of the Fullerton
Advanced Balance Scale, Mini-BESTest, and Berg Bal-
ance Scale to predict falls in Parkinson Disease. Phys
Ther 2016;96:494-501. DOI:10.2522/ptj.20150249,
PMID:26381806

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Stack E, Ashburn A, Jupp K: Postural instability
during reaching tasks in Parkinson’s disease. Phys-
iother Res Int 2005;10:146—153. DOI:10.1002/pri.4,
PMID:16245755

Menant JC, Latt MD, Menz HB, Fung VS, Lord SR:
Postural sway approaches center of mass stability limits
in Parkinson’s disease. Mov Disord 2011;26:637—-643.
DOI:10.1002/mds.23547, PMID:21312283

Nikaido Y, Akisue T, Kajimoto Y, Tucker A, Kawami
Y, Urakami H, Iwai Y, Sato H, Nishiguchi T, Hinoshita
T, Kuroda K, Ohno H, Saura R: Postural instabil-
ity differences between idiopathic normal pressure
hydrocephalus and Parkinson’s disease. Clin Neurol
Neurosurg 2018;165:103—107. DOI:10.1016/j.clineu-
10.2018.01.012, PMID:29331870

Okuma Y: Freezing of gait and falls in Parkinson’s dis-
ease. J Parkinsons Dis 2014;4:255-260. DOI:10.3233/
JPD-130282, PMID:24577502

Schlenstedt C, Muthuraman M, Witt K, Weisser B,
Fasano A, Deuschl G: Postural control and freezing of
gait in Parkinson’s disease. Parkinsonism Relat Disord
2016;24:107-112. DOI:10.1016/j.parkreldis.2015.12.011,
PMID:26762797

Vervoort G, Bengevoord A, Strouwen C, Bekkers EM,
Heremans E, Vandenberghe W, Nieuwboer A: Progres-
sion of postural control and gait deficits in Parkinson’s
disease and freezing of gait: a longitudinal study. Par-
kinsonism Relat Disord 2016;28:73—79. DOI:10.1016/].
parkreldis.2016.04.029, PMID:27138056

King LA, Horak FB: Lateral stepping for postural cor-
rection in Parkinson’s disease. Arch Phys Med Rehabil
2008;89:492—499. DOI:10.1016/j.apmr.2007.11.017,
PMID:18295628

Morales-Bricefio H, Rodriguez-Violante M, Martinez-
Ramirez D, Cervantes-Arriaga A: A reappraisal of the
ten steps test for identifying atypical parkinsonism.
Clin Neurol Neurosurg 2014;119:1-3. DOI:10.1016/j.
clineuro.2013.12.022, PMID:24635916

Abdo WEFE, Borm GF, Munneke M, Verbeek MM,
Esselink RAJ, Bloem BR: Ten steps to identify
atypical parkinsonism. J Neurol Neurosurg Psychiatry
2006;77:1367-1369.  DOI:10.1136/jnnp.2006.091322,
PMID:16847047

Mancini M, Carlson-Kuhta P, Zampieri C, Nutt JG,
Chiari L, Horak FB: Postural sway as a marker of
progression in Parkinson’s disease: a pilot longitudinal
study. Gait Posture 2012;36:471-476. DOI:10.1016/;.
gaitpost.2012.04.010 , PMID:22750016

Copyright © 2022 The Japanese Association of Rehabilitation Medicine


https://doi.org/10.1155/2013/906274
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23533953?dopt=Abstract
https://doi.org/10.1002/mds.10396
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12722162?dopt=Abstract
https://doi.org/10.1007/s004150170047
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11757958?dopt=Abstract
https://doi.org/10.1002/mds.25404
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23450694?dopt=Abstract
https://doi.org/10.2217/nmt.14.22
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25095816?dopt=Abstract
https://doi.org/10.1159/000052812
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11490147?dopt=Abstract
https://doi.org/10.1002/mds.22561
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19425059?dopt=Abstract
https://doi.org/10.1212/WNL.60.1.87
https://doi.org/10.1212/WNL.60.1.87
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12525724?dopt=Abstract
https://doi.org/10.2522/ptj.20150249
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26381806?dopt=Abstract
https://doi.org/10.1002/pri.4
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16245755?dopt=Abstract
https://doi.org/10.1002/mds.23547
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21312283?dopt=Abstract
https://doi.org/10.1016/j.clineuro.2018.01.012
https://doi.org/10.1016/j.clineuro.2018.01.012
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29331870?dopt=Abstract
https://doi.org/10.3233/JPD-130282
https://doi.org/10.3233/JPD-130282
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24577502?dopt=Abstract
https://doi.org/10.1016/j.parkreldis.2015.12.011
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26762797?dopt=Abstract
https://doi.org/10.1016/j.parkreldis.2016.04.029
https://doi.org/10.1016/j.parkreldis.2016.04.029
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27138056?dopt=Abstract
https://doi.org/10.1016/j.apmr.2007.11.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18295628?dopt=Abstract
https://doi.org/10.1016/j.clineuro.2013.12.022
https://doi.org/10.1016/j.clineuro.2013.12.022
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24635916?dopt=Abstract
https://doi.org/10.1136/jnnp.2006.091322
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16847047?dopt=Abstract
https://doi.org/10.1016/j.gaitpost.2012.04.010
https://doi.org/10.1016/j.gaitpost.2012.04.010
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22750016?dopt=Abstract

Kawami Y, et al: Mediolateral Postural Control in Parkinson’s Disease

20.

21.

22.

23.

Matinolli M, Korpelainen JT, Korpelainen R, So-
taniemi KA, Virranniemi M, Myllyld VV: Postural
sway and falls in Parkinson’s disease: a regression ap-
proach. Mov Disord 2007;22:1927-1935. DOI:10.1002/
mds.21633, PMID:17595043

Stolze H, Kuhtz-Buschbeck JP, Driicke H, Johnk
K, Hlert M, Deuschl G: Comparative analysis of
the gait disorder of normal pressure hydrocephalus
and Parkinson’s disease. J Neurol Neurosurg Psy-
chiatry 2001;70:289-297. DOI:10.1136/jnnp.70.3.289,
PMID:11181848

Shirai S, Yabe I, Matsushima M, Ito YM, Yoneyama
M, Sasaki H: Quantitative evaluation of gait ataxia
by accelerometers. J Neurol Sci 2015;358:253-258.
DOI:10.1016/1.jns.2015.09.004, PMID:26362336

Litvan I, Bhatia KP, Burn DJ, Goetz CG, Lang AE,
McKeith I, Quinn N, Sethi KD, Shults C, Wenning
GK, Movement Disorders Society Scientific Issues
Committee: Movement Disorders Society Scientific
Issues Committee report: SIC Task Force appraisal of
clinical diagnostic criteria for parkinsonian disorders.
Mov Disord 2003;18:467—486. DOI:10.1002/mds.10459,
PMID:12722160

24,

25.

26.

27.

28.

Tomlinson CL, Stowe R, Patel S, Rick C, Gray R,
Clarke CE: Systematic review of levodopa dose
equivalency reporting in Parkinson’s disease. Mov
Disord 2010;25:2649-2653. DOI:10.1002/mds.23429,
PMID:21069833

Fahn S, Elton RL: Unified Parkinson’s disease rating
scale. In: Fahn S, Marsden CD, Calne D, Goldstein M,
editors. Recent Developments in Parkinson’s Disease.
Macmillan, Florham Park, 1987, pp. 153—163.

Nikaido Y, Akisue T, Kajimoto Y, Ikeji T, Kawami Y,
Urakami H, Sato H, Nishiguchi T, Hinoshita T, Iwai
Y, Kuroda K, Ohno H, Saura R: The effect of CSF
drainage on ambulatory center of mass movement in
idiopathic normal pressure hydrocephalus. Gait Pos-
ture 2018;63:5-9. DOI:10.1016/j.gaitpost.2018.04.024,
PMID:29698845

Morris ME, lansek R, Matyas TA, Summers JJ:
The pathogenesis of gait hypokinesia in Parkinson’s
disease. Brain 1994;117:1169-1181. DOI:10.1093/
brain/117.5.1169, PMID:7953597

Horak FB, Dimitrova D, Nutt JG: Direction-specific
postural instability in subjects with Parkinson’s dis-
ease. Exp Neurol 2005;193:504-521. DOI:10.1016/j.
expneurol.2004.12.008, PMID:15869953

Copyright © 2022 The Japanese Association of Rehabilitation Medicine


https://doi.org/10.1002/mds.21633
https://doi.org/10.1002/mds.21633
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17595043?dopt=Abstract
https://doi.org/10.1136/jnnp.70.3.289
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11181848?dopt=Abstract
https://doi.org/10.1016/j.jns.2015.09.004
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26362336?dopt=Abstract
https://doi.org/10.1002/mds.10459
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12722160?dopt=Abstract
https://doi.org/10.1002/mds.23429
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21069833?dopt=Abstract
https://doi.org/10.1016/j.gaitpost.2018.04.024
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29698845?dopt=Abstract
https://doi.org/10.1093/brain/117.5.1169
https://doi.org/10.1093/brain/117.5.1169
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7953597?dopt=Abstract
https://doi.org/10.1016/j.expneurol.2004.12.008
https://doi.org/10.1016/j.expneurol.2004.12.008
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15869953?dopt=Abstract

