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Background and Purpose: Gait analysis and the effects of levodopa on the gait char-
acteristics in Mild parkinsonian signs (MPS) are rarely published. The present research
aimed to (1) analyze the gait characteristics in MPS; (2) explore the effects of levodopa on
the gait performance of MPS.

Methods: We enrolled 22 inpatients with MPS and 20 healthy control subjects (HC) from
Nanjing Brain Hospital. The Unified Parkinson’s Disease Rating Scale was used to evaluate
motor symptoms. Acute levodopa challenge test was performed to explore the effects of
levodopa on the gait performance of MPS. The instrumented stand and walk test was
conducted for each participant and the JiBuEn gait analysis system was used to collect gait
data.

Results: For spatiotemporal parameters: Compared with HC, the state before taking levo-
dopa/benserazide in MPS group (meds-off) demonstrated a decrease in stride length (SL)
(p<0.001), an increase in SL variability (p<0.001), and swing phase time variability
(»=0.016). Compared with meds-off, the state after 1 hour of taking levodopa/benserazide
in MPS group (meds-on) exhibited an increase in SL (p<0.001), a decrease in SL variability
(»<0.001). For kinematic parameters: Compared with HC, meds-off demonstrated a decrease
in heel strike angle (p=0.008), range of motion (ROM) of knee joint (p=0.011) and ROM of
hip joint (p=0.007). Compared with meds-off, meds-on exhibited an increase in HS
(»<0.001). Bradykinesia and rigidity scores were significantly correlated with gait
parameters.

Conclusion: Although the clinical symptoms of the MPS group are mild, their gait damage
is obvious and they exhibited a decreased SL and joints movement, and a more variable gait
pattern. Levodopa had little effect on the gait performance of those individuals.
Keywords: elderly, mild parkinsonian signs, gait, levodopa challenge test

Introduction

The typical clinical manifestations of patients with Parkinson’s Disease (PD) include
bradykinesia, rest tremor and rigidity. However, some elderly individuals who do not
meet the established diagnostic criteria for PD or any other neurodegenerative
diseases exhibit one or some combination of the above clinical symptoms. These
symptoms are described as mild parkinsonian signs (MPS) and the incidence of MPS
among old individuals ranges from 15% to 95%.' The life quality of people with
MPS often decreases.” Old individuals with MPS often present a low-level ability in
performing physical activities.” MPS is often associated with cognitive decline,’
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dementia,” depression’ and risk of falling.® Moreover, old
individuals with MPS has a higher mortality and higher
institutionalization rate than normal ones."’ Therefore, the
proper management of MPS is a priority for clinicians.
Substantial research has focused on the gait performance
of patients with PD in the past, but only a few has con-
ducted gait analysis on people with MPS.'° Previous studies
confirmed that the PD fallers peak velocity of the trunk
decreased significantly which can be employed to discrimi-
nate faller from non-faller PD patients.'" The loss of sub-
stantia nigra neurons result in PD. The putamen
dopaminergic innervation in PD patients was significantly
correlated with the center of pressure, first step velocity and
length, and the center of mass velocity and acceleration.
Levodopa can improve above gait parameters too.'”
However, the etiopathogenesis that underlies MPS remains
unknown. Pigmented neurons of nigra have been reported
to decline at a speed of 4.7% per decade in early
adulthood."® To what extent this age-associated dopamine
loss accounts for the development of MPS is still
unknown."'* The following questions need to be addressed
urgently: What effects does levodopa have on the gait
characteristics in MPS? Can old individuals with MPS
benefit from levodopa?'> The acute levodopa challenge
test (ALCT) can be used to predict long-term levodopa
responsiveness.'® Accordingly, to understand the gait per-
formance and the pathogenesis of MPS, we conducted an
experiment to: (1) analyze the gait characteristics of MPS
comprehensively; and (2) explore the effects of levodopa on
the gait performance of old individuals with MPS. We
hypothesized that MPS group may exhibit an impaired
gait pattern and those individuals’ gait performance can be
improved to some extent after taking levodopa. Our
research will aid the management of elderly individuals
with MPS, improve the quality of their life, and shed
more light on the pathogenesis of MPS.

Methods

Participants

In our research, we enrolled 22 inpatients with MPS and
20 healthy control subjects (HC) from the Department of
Geriatrics, Affiliated Brain Hospital of Nanjing Medical
University between October 2019 and August 2020. The
severity of symptoms in patients with MPS was assessed
from the following three domains in part III (the motor
part) of the Unified Parkinson Disease Rating Scale
(UPDRS): (1) Bradykinesia in extremities was evaluated

using UPDRS subitems #23-26 and subitem #31; (2) Rest
tremor was assessed using UPDRS subitem #20; (3)
Rigidity in neck and extremities was evaluated using
UPDRS subitem #22. Inclusion criteria for MPS were as
follows: (1) a score of any one of the three domains
(bradykinesia, rigidity, or tremor) greater than zero; (2)
no medical history of PD; (3) ability to follow doctors’
instructions; (4) a Mini-Mental State Examination
(MMSE) score>24. Exclusion criteria for MPS were as
follows: (1) meeting the diagnostic criteria of PD, hepato-
lenticular degeneration, Alzheimer’s disease, dementia
with Lewy bodies, and multiple system atrophy; (2) other
conditions that could influence gait performance, including
cerebrovascular disease, and spinal column diseases.
Inclusion criteria for HC were as follows: (1) no medical
history of PD, hepatolenticular degeneration, Alzheimer’s
disease, dementia with Lewy bodies, and multiple system
atrophy, cerebrovascular disease, spinal column diseases
that may influence gait performance; (2) an MMSE
score>24. The Medical Ethics
Affiliated Brain Hospital of Nanjing Medical University

Committee of the

approved the experimental procedures. All participants
signed written informed consent and all experimental pro-
cedures were in accordance with the declaration of
Helsinki.

Clinical Evaluation

The following baseline data were collected for all partici-
pants: gender, age, height, weight, body mass index
(BMI), shoe size and MMSE score. For all participants,
the UPDRS part III was used to evaluate motor symptoms.

Acute Levodopa Challenge Test

ALCT was performed in the MPS group to investigate
their response to levodopa. All the following procedures
were performed in the morning and all participants were
instructed to fast before ALCT. In this test, each partici-
pant of the MPS group was instructed to take 250 mg of
Madopar (200mg levodopa and 50mg benserazide, Roche
Pharma AG, Basel, Switzerland). The state before taking
levodopa/benserazide was defined as the OFF state (meds-
off). At this time, two experienced neurology clinicians
conducted the first UPDRS assessment separately, and the
results of evaluation were averaged. The state after 1 hour
of taking levodopa/benserazide was defined as the ON
state (meds-on). At this time, the second UPDRS assess-
ment was conducted, and the results were also averaged.
For ethical reasons, ALCT was not performed in the HC

submit your manuscript

1o

Dove

Risk Management and Healthcare Policy 2021:14


http://www.dovepress.com
http://www.dovepress.com

Dove

Wu et al

group. All subjects in the HC group only underwent one
UPDRS assessment on an empty stomach.

Gait Data Collection

In this study, the JiBuEn gait analysis system was applied in
gait data collecting. This set of gait analysis system was
consisted of inertial micro-electro-mechanical system sen-
sors which were bound to patient’s lower limbs (the lower
and upper sides of the knee joint) and waist and a pair of
smart shoes. The system collected motion signals and trans-
mitted gait data to computer and the final gait data were
obtained. The zero-correction algorithm, hexahedral cali-
bration technique, and high-order low-pass filter were used
in data preprocessing which can decrease high-frequency
noise and reduce accumulative errors. The accuracy of this
equipment has been verified before.!” The following spa-
tiotemporal gait parameters were collected: stride length
(SL), cadence (CA), gait velocity (GV), stride time (ST),
swing phase time (SWPT), and stance phase time (StPT). In
addition, we measured SL variability (CV-SL), ST varia-
bility (CV-ST), SWPT variability (CV-SwPT), StPT varia-
bility (CV-StPT). The following Kinematic gait parameters
were collected: the range of motion (ROM) of ankle joints
(AJ), knee joints (KJ), and hip joints (HJ). We also included
toe-off (TO) and heel strike (HS) angle in data analysis. All
participants performed the instrumented stand and walk test
(ISAW). The detailed procedures of ISAW were as
follows:'® First, all participants were instructed to stand
for 30 seconds with arms at their side, then walked in
a comfortable way for 7m, turned 180°, and walked back
to the initial place. At the same time, we used JiBuEn gait to
collect gait data.

Statistical Analysis

Quantitative data were shown as mean =+ Standard
Deviation (SD). The normality of distribution of clinical
characteristics and gait data were initially tested using the
Kolmogorov—Smirnov test.

The corresponding difference of gait data among HC,
meds-off, and meds-on were analyzed using one-way
analysis of variance initially, when three group gait
data followed normal distribution. Otherwise, Kruskal—
Wallis H-test was used. Then, for normally distributed
data, the independent #-test or paired ¢ test were per-
formed to compare the differences between two groups.
For non-normally distributed gait data of intergroup gait
characteristics, the Mann—Whitney U-Test or Wilcoxon
signed-rank test were used. Spearman correlation

analysis was conducted to investigate associations
between gait parameters and UPDRS assessment scores.
For all analyses, a P value < 0.05 indicated significant
difference. As we used multiple tests, P value of inter-
group comparisons among HC, meds-off and meds-on
were corrected using the Bonferroni method. The alpha
value was set at P’= 0.05/times of comparison, that is
P’= 0.017. The calculation of gait variability was
divided into two steps. First, gait variability from the
left and the right were computed separately using
Formula (1). Then, the variability on both sides was
integrated using Formula (2).'° The asymmetry index
(AI) was used to assess the symmetry of gait parameters

(Formula (3)).2% %

Formula (1): CVeparate = SD + mean value

Formula (2): CVeombined— 1/ S5 SE x100

The subscripts L and R indicate the left and right sides
of participants, respectively. CV means coefficient of

variation.

Formula (3): Al = M malXiXu) 09

X = [ST, SL, SwPT, StPT, TO, HS, ROM-HJ, ROM-
KJ, ROM-AJ], the subscripts L and R represent the left and
right sides of participants, respectively. Al: asymmetry
index; ST: stride time; SL: stride length; SwPT: swing
phase time; StPT: stance phase time; TO: toe-off angle;
HS: heel strike angle; ROM: range of motion; HIJ: hip
joint; KJ: knee joint; and AJ: ankle joint.

IBM SPSS version 25 and GraphPad Prism version
8.0.1 were used in data analysis and figures configuration,
respectively.

Results

Clinical Characteristics of Participants

In our research, we enrolled 22 inpatients with MPS and
20 healthy controls (HC). Their baseline data are shown in
Table 1. No difference was found in all baseline data
between two groups. For the MPS group, the mean disease
duration was 1.75+1.38 years, and the UPDRS III total
score in OFF state was 23.55+14.02. After ALCT, the
UPDRS III improvement rate was 8.23%=+6.27. In addi-
tion, the score of bradykinesia, rigidity, and rest tremor in
the OFF state were 9.91+7.60, 3.77+4.13, and 1.55+1.85,
respectively.
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Table | Clinical Characteristics of Participants

HC MPS P-value

N 20 22
Male(%) 9(45) 12(54.55) 0.537
Age(years) 68.05+4.55 69.45+5.21 0.271
Height(cm) 161.85+5.40 165.09£7.61 0.117
Weight(kg) 63.10+5.05 66.18+8.46 0.165
BMI 23.4612.36 24.29+2.89 0.315
Shoe size 39.15£1.87 40.05+2.24 0.151
MMSEs 27.20+2.02 26.73+1.93 0.406
Disease duration(years) NA 1.75+1.38
UPDRS Il total score in OFF state NA 23.55£14.02
UPDRS [l improvement rate(%) NA 8.23+6.27
Three domains total score in OFF state NA 15.23+10.87

Domain [-Bradykinesia NA 9.91+7.60

Domain 2-Rigidity NA 3.77+4.13

Domain 3-Rest tremor NA 1.55+1.85

Abbreviations: NA, not applicable; BMI, body mass index; MMSE, mini-mental state examination score; UPDRS lll, Unified Parkinson Disease Rating Scale part 3.

Spatiotemporal Gait Parameters

We found a significant difference in SL (p=0.003), CV-SL
(p=<0.001), CV-StPT (p=0.048), CV-SwPT (p=0.040)
(Table 2). However, for the post hoc analysis of CV-
StPT, no significant difference was found in intergroup
comparisons. Compared with HC, post hoc analysis
found a decrease in SL (»p<0.001), an increase in CV-SL
(»<0.001) and CV-SwWPT (p=0.016) in meds-off.
Compared with meds-off to meds-on, post hoc analysis
demonstrated an increase in SL (p<0.001), and a decrease
in CV-SL (p<0.001). Compared with HC, post hoc analy-
sis found a decrease in SL (p = 0.007) in meds-on. The
walking efficiency analysis of SL and ST are shown in
Figure 1 which showed that the distribution of SL and ST
in the meds-off group was more dispersed than that of the
HC group. In addition, the distribution of SL and ST in the
meds-off group tends to be distributed to the upper left in
Figure 1.

Kinematic Gait Parameters
We found statistical difference in HS (p=0.043), ROM-KIJ
(p=0.002), and ROM-HJ (p=0.008) (Figure 2). Comparing

HC to meds-off, post hoc analysis demonstrated a decrease
in HS (»=0.008), ROM-KJ (p=0.011) and ROM-HJ
(»=0.007). Comparing meds-off to meds-on, post hoc ana-
lysis only exhibited an increase in HS (p<0.001). Compared
with HC, post hoc analysis found a decrease in ROM-KJ
(»<0.001) and ROM-HJ (p=0.004) in meds-on.

Changes in Gait Parameters After
Levodopa/Benserazide Intake in MPS

Group

We observed significant differences in SL, CV-SL, and HS
between meds-off and meds-on. Then, we calculated the
rate of changes for each of above three gait parameters
(Figure 3). Compared with the meds-off state, the SL and
HS in meds-on state increased by ~6.19% and ~11.36%,
respectively. The CV-SL for meds-off was 26.88+5.58
which was reduced by ~12.17% in the meds-on state.

Symmetry Analysis of Gait Parameters
Spatiotemporal and kinematic gait parameters were
included in symmetry analysis (Table 3). No difference
was found in any of those parameters.
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Table 2 Differences in Spatiotemporal Gait Parameters

HC Meds-Off Meds-On P Post Hoc Tests
SL(m) 1.16+0.08 0.97+0.21 1.03£0.19 0.003 <0.0012, 0.007°, <0.001°¢
GV(m/s) 0.89+0.14 0.76+0.26 0.82+0.22 0.262 NA
CA(steps/min) 92.80+10.91 91.06+19.98 93.84£15.98 0.722 NA
ST(s) 1.31£0.16 1.35£0.31 1.34+0.43 0.723 NA
StPT(s) 0.85+0.14 0.91+0.28 0.90+0.39 0.800 NA
SwWPT(s) 0.45+0.06 0.45+0.04 0.45+0.04 0.397 NA
CV-SL 21.27+2.58 26.88+5.58 23.61+4.56 <0.001 <0.001% <0.001¢
CV-ST 21.81%5.30 24.64+8.67 22.10+7.89 0.233 NA
CV-StPT 14.78+2.89 19.11£8.86 16.36+4.27 0.048 ns
CV-SwPT 19.52+4.40 25.22+8.49 22.98+9.54 0.040 0.016*

Notes: Bold font means significant results. *Indicates a comparison between HC and meds-off group; Pindicates a comparison between HC and meds-on group; “indicates

a comparison between meds-off and meds-on group.

Abbreviations: SL, stride length; GV, gait velocity; CA, cadence; ST, stride time; StPT, stance phase time; SWPT, swing phase time; CV, coefficient of variation; NA, not

applicable; ns, no significance.

Correlation Analysis Between Gait
Parameters and UPDRS Assessment
Scores in the Meds-Off Group

To explore the influence of different subdomains (bradyki-
nesia, rigidity and rest tremor) on the gait performance of the
meds-off group, we conducted Spearman correlation analysis
between gait parameters and three subdomain scores (Table
4). Only SL, CV-SL, CV-SwPT, HS, ROM-KJ and ROM-HJ
showed differences between HC and meds-off, thus, we just

2.5

2.0 [

(3]
1
L[]
L[]

ST(s)

enrolled these gait parameters into correlation analysis.
Bradykinesia scores were significantly correlated with SL
(=—0.567; p=0.006), CV-SL (=0.544; p=0.009), ROM-KJ
(r =0.523; p=0.012) and ROM-HJ (=—0.508; p=0.016).
Moreover, we found significant correlations between rigidity
scores and SL (=—0.482; p=0.023), CV-SL (+=0.570;
p=0.006), and ROM-HJ (r=—0.609; p=0.003). However, no
significant correlation was found between rest tremor scores

and gait parameters.

= HC

e meds-off

=
w
-

1.0
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0.25 ots

1.0 1.16 1.5
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Figure | Walking efficiency analysis of stride length (SL) and stride time (ST). The vertical and horizontal solid line represents the average SL and ST of the HC group,
respectively. The two vertical dotted lines represent the average step length minus and plus one standard deviation of the HC group, respectively. The two horizontal dotted
lines represent the mean stride time minus and plus one standard deviation of the HC group, respectively.
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For spatiotemporal gait parameters, patients with early-
stage PD exhibit a shorter SL and a more variable gait
pattern.”"** Our research extends previous studies wherein
the MPS group exhibit a shorter SL and a more variable gait
pattern than HC. ST means the time it takes to walk one stride
length. Walking a longer distance in a shorter time indicates
a higher walking efficiency. Compared with that of the HC
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Figure 2 Differences in kinematic gait parameters. * = significant (p<0.017); ** = highly significant (p<0.001).
Abbreviations: HS, heel strike angle; TO, toe-off angle; ROM, range of motion; AJ, ankle joint; K|, knee joint; HJ, hip joint; NS, no significance.
Discussion
Gait Analysis Between HC and Meds-Off
HS 11.36%
Subgroups
The gait performance of MPS have yet to be investigated
in depth. Accordingly, the first objective of this research is SL 6.19%
to comprehensively quantify gait impairments in MPS
from the perspective of kinematic and spatiotemporal
gait parameters, and the symmetry and variability analyses cV-SL | -12.17%
of gait parameters. To our best knowledge, this study is
currently the most comprehensive analysis of the gait . l . .
performance of old people with MPS. 20 -10 0 10 R
Decrement Increment

Figure 3 Changes in gait parameters after levodopa/benserazide intake in MPS
group.

Abbreviations: HS, heel strike angle; SL, stride length; CV, coefficient of variation.
group, the distribution of SL and ST in the meds-off group is
more dispersed and tends to be distributed to the upper left in

Figure 1. This result indicates that the walking efficiency of
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Table 3 Symmetry Analysis of Gait Performance

HC Meds-Off Meds-On P Post Hoc Tests
Al-SL 2.24+0.90 2.67+2.00 2.87x2.11 0.603 NA
Al-ST 6.84+9.56 10.99+10.12 9.77+12.88 0.067 NA
Al-StPT 10.99+12.91 14.93+13.11 14.38+14.98 0.191 NA
Al-SWPT 11.65+20.02 7.75%6.41 8.23+7.83 0.984 NA
Al-HS 14.03+7.72 19.24+16.77 22.11+14.87 0.235 NA
Al-TO 9.85+6.34 11.40+11.60 8.19+9.37 0.503 NA
AlI-ROM AJ 8.61+7.23 12.71+8.45 14.06+19.53 0.181 NA
Al-ROM K] 13.77£9.92 21.60+17.88 18.46£14.10 0.222 NA
Al-ROM H) 8.08+5.59 11.45£12.54 10.94+9.04 0.721 NA

Abbreviations: Al, asymmetry index; SL, stride length; ST, stride time; StPT, stance phase time; SWPT, swing phase time; HS, heel strike angle; TO, toe-off angle; ROM, range

of motion; AJ, ankle joint; K], knee joint; HJ, hip joint; NA, not applicable.

Table 4 Correlation Analysis Between Gait Parameters and UPDRS Assessment Scores

Domain |-Bradykinesia Domain 2-Rigidity Domain 3-Rest Tremor
SL —0.567(0.006) —0.482(0.023) 0.195(0.385)
CV-SL 0.544(0.009) 0.570(0.006) —0.317(0.151)
CV-SWPT 0.332(0.132) 0.157(0.484) —0.292(0.188)
HS —0.359(0.101) —0.373(0.088) 0.366(0.094)
ROM-K] —0.523(0.012) —0.333(0.130) 0.114(0.612)
ROM-H| —0.508(0.016) —0.609(0.003) 0.249(0.263)

Notes: Data were shown as r (p);

bold font means significant results.

Abbreviations: SL, stride length; CV, coefficient of variation; SWPT, swing phase time; HS, heel strike angle; ROM, range of motion; K], knee joint; HJ, hip joint.

the MPS group decreased. In completing the same walking
task, MPS may take more time than HC. The weak push-off
of the feet force is responsible for a shorter stride length.**
Moreover, short SL and variable gait pattern are associated
with imbalance and risk of falling.*>*® Although the clinical
manifestations of the MPS group are mild, these people are
already under the potential risk of falling. For kinematic gait
parameters, our research expands previous studies joints
movements were decreased in MPS compared with that of
HC. The reduction of HS indicates the weakening of the
muscle strength of the lower limbs, which may result in
falls.?” The previous gait analysis of the MPS group did not
involve research on the ROM-KJ and ROM-HJ. We found
that ROM-KJ and ROM-HI are decreased in MPS. Similar
findings exist in patients with PD. The ROM-KJ of PD
patients was significantly lower than that of HC group. And

with the progress of PD, the ROM-HJ of PD patients gradu-
ally decreases.”® A smaller extension in the terminal stance
result in a decreased ROM-KJ.?® Furthermore, an impaired
activity of plantar flexors muscles which plays an important
role in conducting KJ extension movement may lead to
decreased ROM-KJ.?** The clinical symptoms of PD are
often asymmetric, and this asymmetry has also been con-
firmed in previous studies.”>>'*? In the symmetry analysis of
the MPS group, no difference was found in any of those
parameters which indicates that MPS group still remains
a symmetrical gait pattern. This finding is consistent with
the clinical manifestations of MPS because the clinical symp-
tom evaluation of these participants does not exhibit
a difference between the left and right sides. To explore the
influence of different subdomains (bradykinesia, rigidity and

rest tremor) on the gait performance of the meds-off group,
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we conducted Spearman correlation analysis between gait
parameters and three subdomain scores. High bradykinesia
or rigidity scores were associated with a smaller SL, a more
variable gait pattern, and a smaller joint movement.
Moreover, no correlation was found between tremor scores

and gait parameters.

Changes in Gait Parameters After
Levodopa/Benserazide Intake in MPS
Group

It has been well known that the loss of substantia nigra
neurons result in PD. However, the etiopathogenesis that
underlies MPS remains unknown today. Pigmented neurons
of nigra have been reported to decline at a speed of 4.7%
per decade in early adulthood."® To what extent this age-
associated dopamine loss accounts for the development of
MPS remains unknown.' If the loss of dopamine leads to
the occurrence of MPS, these MPS symptoms should be
improved after levodopa/benserazide supplementation.
After all, both motor symptoms and gait characteristics of
PD can be improved greatly after taking levodopa.’®*?
Accordingly, the second objective of this research is to
explore the effects of levodopa on the gait performance of
old individuals with MPS. We conducted ALCT which can
be used to predict long-term levodopa responsiveness in the
MPS group.'® Our findings suggest that we should be
conservative about the conclusion that loss of dopamine is
the cause of MPS.**° From a rigorous point of view, the
loss of levodopa is at least not the main cause of MPS
which is consistent with a recent research.'* The reasons
are as follow: First, after taking levodopa, the improvement
rate of UPDRS part III in the MPS group was only 8.23%
+6.27%. This value is far below the 30% improvement rate
that supports PD diagnosis.®” Second, all the 22 MPS group
subjects said no when asked if any improvement was
observed after taking levodopa/benserazide. It was reported
that levodopa/benserazide worsened balance and postural
instability.”® However, as the mainstay therapy for PD,
levodopa can significantly improve the gait of patients
with PD.?%%-%39 Egpecially for SL and ROM of joints,
levodopa/benserazide induced the best improvement and
the improvement rate is greater than 50%.>° Contrary to
their findings, we found almost no improvement in the gait
parameters after ALCT in the MPS group. Both the number
of improved gait parameters and the degree of improve-
ment rate are much lower than that of the PD group. In
addition, the SL of patients in the MPS group improved

after taking the levodopa/benserazide, but it was still lower
than that of the HC group. The MPS group slightly benefits
from levodopa, suggesting additional mechanisms that
underlie MPS. Previous studies have found that MPS is
often associated with cognitive decline and dementia.” In
addition, a recent research indicated that MPS has
a vascular origin and white matter hyperintensities may
be responsible for MPS.'* On this basis, our research sup-
ports the hypothesis that the occurrence of MPS is
multifactorial.'~

There are several limitations in this research. First, we
had a small sample size, which may limit the power of our
estimates. Second, we did not follow up the MPS group,
thus, we did not know the final outcome of these patients.
In addition, we enrolled UPDRS to determine the presence
of MPS. This set of rating scale was originally used to
evaluate the motor symptoms of PD. However, no scale
has been specifically designed to assess MPS symptoms,
and UPDRS is currently the most widely used motor
symptom assessment scale.

Conclusion

Our research expanded previous studies and found that the
MPS group exhibited a shorter SL, a more variable but
still symmetrical gait pattern and a decreased range of
motion of joints compared with the HC group. Although
the clinical manifestations of the MPS group are mild, the
gait impairment of MPS is already obvious. Contrary to
the significant improvement in the gait performance of
people with PD, levodopa had minimal effect on the gait
performance of old individuals with MPS. Our research
will aid the management of elderly individuals with MPS,
and shed more light on the pathogenesis of MPS.
Subsequent studies can, based on the results of this
research, formulate more individualized treatment or reha-
bilitation programs for MPS group. This will reduce the
falling risk and improve the quality of their daily life.
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