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Purpose: Gait impairment is a common clinical symptom of patients with Parkinson’s disease
(PD). Detecting specific gait parameters’ changes in order to guide clinical intervention is at
present lacking. The present study aimed to (1) quantify gait impairments in different PD
subtypes and (2) explore whether the results of quantitative gait analysis are beneficial to clinical
treatment.

Patients and Methods: We enrolled 86 patients with PD (48 men, and 38 women) from
the Department of Geriatrics of the Affiliated Brain Hospital of Nanjing Medical University.
Unified Parkinson’s Disease Rating Scale (UPDRS) and Hoehn-Yahr Scale were used to
evaluate the motor symptoms of PD. All patients stopped anti-Parkinsonian medication for
24 hours (72 hours for controlled release medicine). The patients were divided into two
subtypes, namely, postural instability gait difficulty (PIGD; n=56) and tremor dominant (TD;
n=30) subtypes according to UPDRS. All patients completed the instrumented stand and
walk test, and a set of JiBuEn gait analysis system was used in gait data collection.
Results: We observed a shorter stride length (p=0.021), a longer stride time (p=0.036), a faster
cadence (p=0.036), and a more variable stride length (p=0.012) in the PIGD group compared
with the TD group. In addition, compared with the TD group, we found that the toe-off angle
(p=0.005) and the range of motion of ankle joint (p=0.009) decreased in the PIGD group.
Conclusion: Our study demonstrated that the gait performance of patients with PIGD is
worse than those with TD from the perspective of quantitative gait analysis. We extended
previous research and found the PIGD group exhibited severe gait impairments in some
specific spatiotemporal and kinematic gait parameters. The different manifestations of these
gait impairments may guide in choosing appropriate treatment of patients with different PD
subtypes.

Keywords: Parkinson’s disease, postural instability gait difficulty, tremor, wearable sensors,
gait

Introduction

Gait impairment is a common clinical symptom of patients with Parkinson’s disease
(PD). Impaired gait reduces the patient’s life quality and even increases the risk of
falls and death. Although there are more and more strategies to treat PD, the
selection of an appropriate pharmacological or rehabilitative therapy intervention
that best matches the needs of patients is a challenge for clinicians.'” Each
medicine has a relatively special effect. For example, stride length is improved
most obviously, followed by gait velocity, stride time, and cadence after treatment
with levodopa.®* Catechol-O-Methyl transferase (COMT) inhibitors and dopamine
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agonists are beneficial for the improvement of gait
velocity.””’ Patients with PD on Monoamine oxidase
type B inhibitors (MAOB-I) have demonstrated a lower
probability of developing freezing of gait® and have
a lower postural instability gait difficulty (PIGD) scores.’”
Cholinesterase inhibitors (ChE-I) can improve gait velo-
city, gait variability, and fall risk.'®'" Detecting specific
gait parameters’ changes in order to guide pharmacologi-
cal intervention are at present lacking.'> PD is often
divided into two types according to motor symptoms:
PIGD and tremor dominant (TD) subtypes.13 Quantitative
gait analysis has become possible with the introduction of
wearable devices. However, little is known about the spe-
cific gait characteristics of different PD subtypes.
Accordingly, the present study aimed to (1) quantify gait
impairments in different PD subtypes; and (2) explore
whether the results of quantitative gait analysis are bene-
ficial to clinical treatment. In-depth knowledge of specific
gait impairments might aid in the individualized treatment
of PD and enhance the life quality of patients.

Methods

Patients

We enrolled 86 patients (48 men and 38 women; mean PD
duration was 5.99 £ 4.69 years, and mean Hoehn-Yahr stage
was 2.55+0.92) in our study. These patients were recruited
from the Department of Geriatrics of the Affiliated Brain
Hospital of Nanjing Medical University between
October 2018 and March 2020. All patients were diagnosed
according to the Movement Disorder Society (MDS)
criteria.'* In addition, these patients were free of cerebrovas-
cular disease, spinal column diseases, and musculoskeletal
disease which may affect gait performance. The study was
approved by the Medical Ethics Committee of the Affiliated
Brain Hospital of Nanjing Medical University. All patients
signed written informed consent before the study.

PD Subtypes

All subjects stopped anti-Parkinsonian medication for
24 hours (72 hours for controlled release medicine) prior
to evaluation. We used the Unified Parkinson’s Disease
Rating Scale (UPDRS) and Hoehn-Yahr Scale'” to evalu-
ate the motor symptoms of PD. The patients were divided
into two subtypes, namely, the PIGD and TD groups,
according to UPDRS. Those patients were selected and
included in the TD group if the ratio of the mean tremor
scores (eight items: 2.16 in Part 2 and 3.20 and 3.21 in

Part 3 of UPDRS) to the mean PIGD scores (five items:
2.13,2.14 and 2.15 in Part 2 and 3.29 and 3.30 in Part 3 of
UPDRS) >1.5, or were included in the PIGD group if the
ratio <1.'>'¢

Equipment and Gait Data Collection

A set of JiBuEn gait analysis system was used in data
collection. Previous research has demonstrated the detailed
algorithm for gait parameters and experimental design.'’
The device consisted of a pair of smart shoes and five
inertial micro-electro-mechanical system sensors tied to
the upper and lower limbs and waist. The system collected
gait data and transmitted the data to a computer. By using
the latest high-order low-pass filter, zero-correction algo-
rithm, and hexahedral calibration technique, the system
can reduce accumulative errors, reduce high-frequency
noise and installation errors produced by the wearable
sensor devices. Finally, by the JiBuEn gait analysis sys-
tem, we can collect spatiotemporal gait parameters and
kinematic gait parameters quickly and precisely.

All patients were instructed to complete the instrumen-
ted stand and walk test (ISAW).'® Firstly, all patients stood
for 30 seconds, walked 7 meters, then turned 180 degrees,
and finally returned to their original place. Before the test,
we have introduced the procedures to the patients in detail.
In addition, all patients practiced the procedure twice to
get more familiar with ISAW. We instructed the patients to
walk in a comfortable and relaxed way during the test.

Statistical Analysis

Data were shown as mean = SD, and the statistical sig-
nificance level was set at a=0.05. Two-sample t-tests were
used to compare the differences in normally distributed
measurement data, and Mann—Whitney U-Test was used
for measurement data that were not normally distributed.
x* test was used for qualitative data. Variability of stride
length, stride time, stance phase time, and swing phase
time were calculated separately using Eq.1 and then com-
bined using Eq.2."” All data were analyzed using SPSS
software version 25 (IBM Corp, Armonk, New York).
Figures were configured using GraphPad Prism ver-
sion 8.0.1.

Eq.1: CVseparate = 32
Eq.2:CVcombined = 1/% x 100

where CV means coefficient of variation. SD means

standard deviation. M indicates mean value. The
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subscripts L and R represent the left and right sides of
patients, respectively.

Results

Clinical Characteristics of Participants

We enrolled 86 patients in our study and their demo-
graphic characteristics are listed in Table 1. These patients
were divided into the PIGD and TD groups. We found no
statistical difference in the baseline data between the two
groups.

Differences in Spatiotemporal Gait
Parameters

We collected the following spatiotemporal gait parameters:
gait velocity, cadence, stride length, stride time, stance
phase time, and swing phase time. In addition, variability
of stride length, stride time, stance phase time and swing
phase time were collected. We only observed a shorter
stride length, a longer stride time, a faster cadence and
a more variable stride length in PIGD group compared
with the TD group (Figure 1).

Differences in Kinematic Gait Parameters
We collected the range of motion (ROM) of hip joint (HJ),
knee joint (KJ), and ankle joint (AJ) in the sagittal plane.
The difference of maximum and minimum angles of above
three joints were defined as ROM. In addition, we mea-
sured heel strike (HS) and toe-off (TO) angles in our study.
We observed remarkable difference in TO angle and
ROM-AJ between the two groups. ROM-AJ and TO
angles decreased in the PIGD group, whereas the ROM-

Table | Clinical Characteristics of Participants

KJ, ROM-H]J, and HS of the PIGD and TD groups had no
difference (Figure 2).

Discussion

The present study aimed to (1) quantify gait impairments
in different PD subtypes; and (2) explore whether the
results of quantitative gait analysis are beneficial to clin-
ical treatment. The novel and main finding of our study
was that the PIGD group had more severe spatiotemporal
gait parameters and distal joint motor deficits during walk-
ing than the TD group. These specific impairments may
shed more light on clinicians’ decision-making, leading to
individualized treatment of PD.

For spatiotemporal gait parameters, previous studies
have demonstrated that patients with PD exhibited
a decreased stride length, reduced gait velocity, slower
turns and smaller arm swing than normal.>* In our study,
the PIGD group exhibited a smaller stride length compared
with the TD group. This finding is similar to previous
reports, which demonstrated reduced stride length in
PIGD group.”®?' A shorter stride length is related to
a weakened forward strength®? and an impaired ability to
control the center of body mass in patients.* In addition,
we extended the scope of the previous study and found
that the PIGD group showed a longer stride time and
a faster cadence compared with the TD group. These
characteristics of the PIGD group reflected a more brady-
kinetic gait pattern compared with TD group. The
increased stride time means that the PIGD group had
more difficulty in completing the same walking task than
the TD group. Patients with PD would increase their
cadence to compensate for their small stride length.”
However, an increased cadence is not always beneficial

Whole Sample PIGD TD P

N 86 56 30

Male (%) 48 (55.81%) 31 (55.36%) 17 (56.67%) 0.907
Age (years) 66.36+8.92 66.52+9.39 66.07+8.13 0.825
Height (cm) 164.28+8.04 163.36+8.07 166.00+7.81 0.147
Weight (kg) 65.77£9.56 65.06+9.84 67.10£9.04 0.349
Shoe size 40.06+2.09 40.04+1.95 40.10+2.37 0.759
MMSEs 24.43+5.64 24.57+5.29 24.17+6.32 0.532
Duration of PD (years) 5.99+4.69 6.15+4.64 5.68+4.83 0.659
H-Y stage 2.55+0.92 2.67+0.91 2.33£0.91 0.102
UPDRS Il scores 34.76x17.46 32.66x14.71 38.67+21.41 0.341

Note: Data is shown as mean * SD.

Abbreviations: PIGD, postural instability gait difficulty subtype; TD, tremor dominant subtype; MMSEs, Mini-Mental State Examination scores; H-Y stage, Hoehn-Yahr stage;

UPDRS lll, Unified Parkinson’s Disease Rating Scale part 3.
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Figure | Spatiotemporal gait parameters of different PD subtypes.

Abbreviations: SL, stride length; ST, stride time; StPT, stance phase time; SWPT, swing phase time; GV, gait velocity; CA, cadence; “ns”, means no significance.

Note: *P < 0.05.

for gait, particularly in people with balance difficulty.
Notably, our study suggests that the PIGD group suffer
a higher fall risk than the TD group. Previous studies
found that stride length is improved most obviously, fol-
lowed by gait velocity, stride time and cadence after taking
levodopa.>* Compared with the OFF state, the stride
length, gait velocity and cadence increased significantly
by ~22.22%, ~17.57%, ~7.31% in the ON state in patients
with PD, respectively. Stride time decreased remarkably
by~10.14% in the ON state than that of the OFF state in
patients with PD. This finding indicates that levodopa may
be a priority for the PIGD group in the absence of contra-
indications. COMT inhibitors, in conjunction with levo-
dopa, can improve the gait velocity of patients with PD.”
Pramipexole and apomorphine can also improve gait velo-
city of PD.>® These studies indicated that gait perfor-
mance may not have a guiding value in choosing from
these two kinds of drugs because we did not find

a difference in gait velocity between the PIGD and TD
groups. It has been well known that gait variability was
increased in patients with PD. A more variable gait pattern
may be associated with a higher variability of lower
extremity.”* Our study supported the findings of
a previous research, that is, the PIGD group exhibited
a higher stride length variability than TD group.?” High
variability indicates an inconstant gait performance, which
increases the risk of fall.* Levodopa can only improve the
variability in patients with PD to some extent.”’ ChE-I can
improve gait variability and fall risk.'®'"" In addition,
patients with PIGD have more non-motor symptoms-®>’
and more obvious cognitive impairment than the TD
group.”® Above all, the administration of ChE-I may
double benefit for the PIGD group.
Methylphenidate, a rarely used drug, is used in the treat-

have a

ment of attention deficits in patients. Methylphenidate can
also improve gait variability.> Given the higher possibility

submit your manuscript

2338

Dove

Neuropsychiatric Disease and Treatment 2020:16


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

Dove Wu et al
* . -
30 — e NS 50 NS
—  ——
40
60
& 20 Z z
1 2 z ]
< L 40 :
s = =
o o O 20+
& 104 © o
20
10
0- T 0- T 0- T
PIGD TD PIGD TD PIGD TD
8- * 20-
— NS
—
6 15
O 4- & 10-
2 2
2 5
0 T 0- T
PIGD TD PIGD TD

Figure 2 Kinematic gait parameters of different PD subtypes.

Abbreviations: ROM, range of motion; A, ankle joint; K], knee joint; HJ, hip joint; TO, toe-off angle; HS, heel strike angle; “ns”, means no significance.

Note: *P < 0.05.

of cognitive deficits and a higher stride length variability
in the PIGD group, methylphenidate may be suitable for
this group in the absence of contraindications. It has been
demonstrated that a lower probability of developing freez-
ing of gait,® a potential modify disease progression value,
and a lower PIGD scores’ in patients with PD on MAOB-
I. What is different from our perceptual knowledge, the
disease progression of TD group is faster than PIGD
group.®® The combined results showed that both groups
may benefit from MAOB-I.

A few quantitative studies investigated kinematic gait
parameters. Our study extended previous research and
took kinematic gait parameters into consideration. We
found remarkable difference in TO angle and ROM-AJ
between the two groups. The PIGD group exhibited smal-
ler TO angle and ROM-AJ than the TD group. These
results are in line with recent works that the AJ movement
is decreased in PD,? and patients with PIGD have severely
impaired distal movements.”’ The decreased TO and HS

angles indicate a reduced foot clearance and may result in

' HS angle is decreased whereas TO is not

tripping.’
reduced in patients with PD.*'**? However, in our study,
the HS of both PD subtypes showed no difference. TO was
remarkably decreased in the PIGD group. This finding
indicated that the PIGD group had worse foot clearance
ability. Interestingly, the attentional strategy of focusing on
the feet while walking can be employed to normalize foot
clearance ability in PD.*! Compared with the TD group,
the PIGD group may benefit more from this strategy.
Patients with PD exhibit an impaired ability to produce
maximal muscle force compared with healthy people.**~?
Our study extended previous research and found that the
PIGD group produced a smaller AJ movement than the TD
group. These results may shed more light into rehabilita-
tive therapy. A rehabilitative therapy that focuses on
strengthening the distal muscles of the lower limbs may
be a priority to PIGD group. Our previous research
showed that

decreased AJ movement.’ Rigid muscles showed the best

increased stiffness is associated with

response to levodopa, and levodopa can improve Al
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movement in patients with PD.***° Our previous and
current studies indicated that levodopa may be a good
choice for the PIGD group.

Our study had several limitations. First, only 86
patients with PD were enrolled in our study, and this
small sample size may affect the generalizability of our
results. Second, PD is a heterogeneous disease with motor
and non-motor symptoms. Some non-motor symptoms,
such as anxiety and depression, can affect gait perfor-
mance in patients with PD. However, we evaluated the
patient’s cognitive level to avoid this widely been recog-
nized factor that would affect gait. Third, this study was
not a de novo group, and anti-PD drugs may influence gait.
However, we minimized the influence of pharmacological
intervention by stopping anti-Parkinsonian medication for
24 hours (72 hours for controlled release medicine).

Conclusion

In conclusion, our study demonstrated the idea that the gait
performance of patients with PIGD subtype is worse than
the TD Group from the perspective of quantitative gait
analysis. One of our novel findings is that the PIGD group
exhibited specific gait impairments, such as shorter stride
length, longer stride time, faster cadence and more vari-
able gait pattern compared with the TD group. In addition,
the patients with PIGD had more severe impaired distal
joint movements than the TD group. Another novel finding
is that levodopa, ChE-I and methylphenidate may be
a priority for the PIGD group from the perspective of
qualitative gait analysis. Attentional strategy, which
involves focusing on the feet while walking, and a kind
of rehabilitative therapy, which focuses on strengthening
the distal muscles of the lower limbs may improve the gait
performance of the PIGD group better.
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