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A B S T R A C T

Background: Objective measures of gait in Parkinson's disease (PD) patients according to motor subtypes are not
yet fully understood. Although recent advances have been made for unobstructed walking, further work is re-
quired on locomotor tasks challenging postural stability, such as obstacle avoidance.
Research question: This study aimed to investigate the influence of PD motor subtypes on objective measures of
locomotion during unobstructed walking and obstacle avoidance.
Methods: Thirty-five PD patients classified as postural instability and gait disorder (PIGD) and 30 as tremor
dominant (TD), as well as 45 healthy controls (CG) walked along an 8-m pathway under two conditions: (a)
unobstructed walking and (b) obstacle avoidance. Outcome measures included spatiotemporal parameters re-
corded by an optoelectronic tridimensional system.
Results: During unobstructed walking, the PIGD group exhibited shorter stride length, slower velocity, and
longer double support phase compared to the TD and CG groups. The TD group also presented slower stride
velocity compared to the CG. The PIGD and TD groups presented shorter stride duration than the CG. Regarding
obstacle avoidance, the PIGD group exhibited shorter distances for leading foot placement before obstacle,
trailing foot placement after obstacle and trailing crossing step length compared to the TD and CG groups. The
PIGD group exhibited wider leading crossing step width, lower trailing toe clearance, and slower leading and
trailing velocity during obstacle avoidance compared to the CG.
Significance: PIGD subtype patients showed worse modifications in objective measures of unobstructed walking
and obstacle avoidance. The observed modifications may contribute to increased fall occurrence in PIGD pa-
tients.

1. Introduction

Parkinson's disease (PD) is a heterogeneous neurodegenerative dis-
order with variable clinical characteristics [1]. Typically, patients are
classified into different motor subtypes, including tremor dominant
(TD) and postural instability and gait disorder (PIGD). TD is char-
acterized by the predominant presence of tremors and PIGD is asso-
ciated with more severe gait impairments, postural instability, brady-
kinesia, rigidity, and falling [1–4]. The influence of PD motor subtypes
on objective measures of locomotion has not yet been fully understood.
Although recent advances have been made for unobstructed walking
(with conflicting findings) and dual tasking [3,4], further work is re-
quired on locomotor tasks challenging postural stability (e.g., obstacle
avoidance). To date, previous studies have shown that obstacle

avoidance is impaired in patients with PD [5–7], but with no clear in-
formation regarding PD subtypes. The development of this knowledge
may help to better understand the differences between PIGD and TD
subtypes and to tailor therapy. Thus, this study aimed to investigate the
influence of PD motor subtypes on objective measures of locomotion
during unobstructed walking and obstacle avoidance. We hypothesized
that objective measures of unobstructed walking and obstacle avoid-
ance would be worse among patients in the PIGD subtype.

2. Methods

2.1. Participants

Seventy-six patients with PD and 45 healthy controls (CG) were
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recruited. Patients with PD were classified into PIGD (n=35), TD
(n=30), or indeterminate (n= 11) according to the procedures pro-
posed by Jankovic et al. [1]. Patients with PD were included if they
were: (a) diagnosed with idiopathic PD (b) in Hoehn and Yahr (HY)
stages I-III; and (c) taking PD medication. Participants were excluded if
they had a diagnosis of dementia or co-morbidities likely to affect gait.
The Unified Parkinson’s Disease Rating Scale (UPDRS) [8] and the HY
[9] were used to determine the severity and stage of the disease in the
patients with PD. Global cognition of all participants was assessed using
the Mini Mental State Examination (MMSE) [10]. Patients within in-
determinate subtypes were excluded from further analysis. PD groups
were tested during the “on state” of PD medication. All participants self-
reported the number of falls during the previous 12 months. This study
was approved by the local ethics committee. All subjects gave written
informed consent.

2.2. Procedures

Gait was assessed under two conditions (at self-selected speed):
unobstructed walking and obstacle avoidance. The obstacle was set up
at half knee height× 60 cm width× 3 cm depth [6]. The obstacle was
positioned in the middle of a pathway (8m long). Three unobstructed
walking trials and six obstacle avoidance trials, comprising equal
numbers of left and right crossing steps (fully randomized) were ana-
lyzed.

Gait parameters were recorded using an optoelectronic tridimen-
sional system (OPTOTRAK Certus, 100 Hz), positioned in the right sa-
gittal plane. Four active markers were attached to the 5th metatarsal
and lateral face of the calcaneus of the right foot and 1st metatarsal and
medial face of the calcaneus of the left foot. One marker was fixed at the
top edge of the obstacle. Marker trajectories were filtered with a fifth-
order Butterworth low-pass filter, with a cutoff frequency of 6 Hz. The
spatiotemporal parameters of unobstructed walking (mid-pathway right
stride) and obstacle avoidance (mean of six trials) (Fig. 1) were calcu-
lated using an algorithm created in Matlab 7.0 (The Maths Works Inc.).
Further details about data processing and outcome variables can be
found in earlier studies by our group [6,7].

2.3. Statistical analysis

Demographic data were analyzed by ANOVA, Pearson’s Chi-square
test (sex), and independent-samples t-test (PD-related). Spatiotemporal
parameters were analyzed by ANOVA; the mean value of three (un-
obstructed walking) or six trials (obstacle avoidance) was considered in
the analysis (p≤ 0.05). The Bonferroni post hoc test was used to lo-
calize the differences among groups (P-value was adjusted).

3. Results

The group characteristics are shown in Table 1. As expected, PIGD
patients reported a greater number of falls than TD patients and the CG.
In addition, PIGD patients demonstrated worse scores in the UPDRS I,
UPDRS II, and UPDRS total compared to TD patients.

For unobstructed walking (Table 2), the PIGD group presented
shorter stride length (p=0.001, p < 0.001), slower velocity
(p= 0.034, p < 0.001), and longer double support phase (p=0.015,
p=0.002) compared to the TD and CG groups. The TD group also
demonstrated slower stride velocity compared to the CG (p=0.010). In
addition, the PIGD and TD groups presented shorter stride duration
than the CG (p=0.013, p=0.034).

During obstacle avoidance (Table 2), the PIGD group exhibited
shorter distances for leading foot placement before obstacle (p=0.05,
p=0.015), trailing foot placement after obstacle (p=0.029,
p < 0.001), and trailing crossing step length (p=0.014, p < 0.001)
compared to the TD and CG groups. The PIGD group exhibited wider
leading crossing step width (p=0.016), lower trailing toe clearance
(p= 0.031), and slower leading (p < 0.001) and trailing (p < 0.001)
velocity during obstacle avoidance (p=0.001) compared to the CG.

4. Discussion

The current study compared PIGD and TD subtypes of PD during
unobstructed walking and obstacle avoidance. Our findings confirmed
our hypotheses, supporting that the objective measures of both walking
conditions are worse in PIGD patients. Hypometria and bradykinesia
are exacerbated in PIGD patients in both unobstructed walking and
obstacle avoidance.

Regarding unobstructed walking, it is important to highlight that

Fig. 1. Representation of the spatial dependent variables during unobstructed walking (A) and obstacle avoidance (B).
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conflicting findings have been reported [3,4]. While Herman’s study
found no differences between PIGD and TD subtypes, Vervoort’s study
observed slower gait speed and shorter step length in the PIGD patients.
Our findings corroborate with Vervoort’s findings and suggest that
objective gait measures are consistent with clinical aspects of motor
subtypes in PD.

Safe locomotion over uneven terrains requires the ability to ade-
quately avoid obstacles while walking. Tripping over obstacles has been
identified as a major cause of falls in PD [11,12] and reductions in foot
to obstacle distances, which were observed in PIGD patients only, have
been shown to lead to greater number of obstacle contacts during
crossing [13]. As such, the observed reductions in foot to obstacle
distances in PIGD patients may lead them to a greater risk of tripping
and, therefore, may be associated with the greater number of falls re-
ported by these patients (Table 1). Additionally, PIGD patients showed
behavioral changes commonly associated with a ‘cautious strategy’
[14]: increased step width guarantees the center of mass projection
within the boundaries of the base of support. Another aspect that re-
quires clarification is the fact that previous studies, which included
both TD and PIGD subtypes in the same group, have argued that ob-
stacle avoidance is impaired in patients with PD (in general) [5–7].
Current findings, however, highlight the importance of treating PD
subtype as a factor in the analysis; PIDG patients may have driven the
observed differences in previous studies.

There is a warm debate in the literature about the best classification

method to deal with PD heterogeneity. New methods have been argued
to overcome existing limitations of the traditional method [3,15]. Al-
though this study does not directly compare different methods, we used
the traditional method instead, current findings suggest that clinical
assessments of the disturbances seen in the PIGD subtype (traditional
classification) are consistent with objective measures of unobstructed
walking and obstacle avoidance.

In conclusion, PIGD patients showed worse modifications in objec-
tive measures of unobstructed walking and obstacle avoidance. The
observed modifications may contribute to increased fall occurrence in
PIGD patients.
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