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ABSTRACT

N (]I Obstacle crossing and navigating through complex environments is a

Article Info: challenging task in daily life and has been identified as a major cause of falls in

individuals with Parkinson's disease (PD). The aim of this study is to assess the

variability in spatio-temporal variables of gait in patients with Parkinson's disease

Accepted: 18 Feb. 2024 when crossing obstacles.

Available Online: 19 Feb. 2024 (YIETEEE This descriptive study included 15 men with Parkinson's disease and 17
age-matched healthy men who participated in this study through convenience
sampling. Spatio-temporal parameters of gait during normal walking and obstacle
crossing were evaluated using a motion analysis system with four cameras (Vicon,
Oxford Metrics, Oxford, UK). The results were analyzed using three-way analysis of
variance (ANOVA) and SPSS software with a significance level of p < 0.05.

The results showed that cadence and walking speed were lower and swing
time, stance time, stride time, step time, single support time, and double support
time were higher in the PD group compared to the control group (p < 0.05). The
difference between the two groups was significant in the variability coefficient of
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Keywords: variables such as double support time, single support time, stride time, step length,

and percentage of opposite foot contact with the ground. Crossing obstacles also
Gait, Obstacle crossing, resulted in increased stride time, stance time, step length, and stride length
Parkinson's disease, compared to normal walking, and increased variability in swing time, single support
Variabilityjump time, stride time, and step time.

Crossing obstacles in individuals with PD resulted in reduced walking
speed and increased double support time, which are among the most important risk
factors for falls. Additionally, greater variability during normal walking or obstacle
crossing, accompanied by decreased cognitive functions in the PD group, indicates
an increased risk of falls during challenging activities.

* Corresponding Author: i
Elaheh Azadian !
Address: Department of Motor Behavior, Hamedan Branch, Islamic Azad University, Hamedan, Iran. !
Tel: +98 (81) 34481260 :
E-mail: azadian1@yahoo.com !


https://orcid.org/0000-0002-0114-9208
https://orcid.org/0000-0003-2032-4937
https://orcid.org/0000-0002-8863-4061
https://orcid.org/0000-0001-6005-2222
https://doi.org/10.32598/biomechanics.7.1.3

Journal of

Extended Abstract

1. Introduction

Parkinson's disease (PD) is the second most progressive and debilitating age-related neurological disorder
worldwide, with its prevalence increasing in individuals over 60 years old. In this disease, a wide spectrum
of central physiological processes affecting posture control and balance is influenced. For example,
decreased muscle strength and function, reduced cognitive function, history of previous falls, and fear of
recurrent falls are among the factors that increase the risk of falling. Negotiating obstacles and complex
environments is a challenging task in daily life and is recognized as the leading cause of falls in the elderly
and individuals with PD. Successful negotiation requires planning and visual guidance to adjust steps,
occurring at least 6 steps before encountering the obstacle. Walking adaptations include changing walking
speed and increasing step-to-step variability as approaching the obstacle, which increases with age.
Previous studies have shown that due to increased motor and sensory impairments associated with aging,
elderly individuals tend to increase step height and decrease walking speed compared to younger
individuals when negotiating obstacles. Studies have shown that Parkinson's patients who experience
freezing of gait (FOG), even when in the ON medication state, demonstrate greater variability in spatial-
temporal parameters of walking compared to patients who do not experience FOG. This study aimed to
investigate the effect of negotiating obstacles on spatial-temporal parameters and the variability of these
parameters in individuals with Parkinson's disease compared to neurologically healthy counterparts.

2. Methods

The participants of this study included elderly individuals residing in the Hamedan province. A total of 32
elderly individuals were selected using convenience sampling. Fifteen patients with Parkinson's disease
(PD) were recruited from the specialized neurology clinics. Additionally, 17 healthy elderly individuals
were selected as the control group. Motion analysis was performed using a three-dimensional Vicon motion
analysis system (Vicon Peak, Oxford, UK) with four T20 series cameras at a frequency of 100 Hz.
Spherical markers with a diameter of 14 mm were attached to specific anatomical points on the lower limbs
of the participants using double-sided adhesive tape and based on the Plug-In Gait Marker Set model
(Vicon Peak, Oxford, UK). Two Kistler force plates (Kistler 9281EA, Winterthur, Switzerland) with a
sampling frequency of 1000 Hz synchronized with the cameras were used to determine various gait events
in different tasks. Participants walked barefoot at a normal speed and walked while crossing obstacles. The
obstacle, made of flexible foam plastic, had dimensions of 60 cm length, 6 cm diameter, and 15 cm height.
It was designed to be placed between two force plates so that there was no contact with the force plate
surface during obstacle crossing. For the analysis of spatial-temporal gait parameters, a three-way analysis
of variance (ANOVA) was employed. The factors examined for variability and mean spatial-temporal
parameters included group (PD and control groups), task (hormal walking and walking with obstacle), and
the interaction between these factors. All statistical analyses were conducted using SPSS software (SPSS
16, SPSS Inc., Chicago, IL, USA), with a significance level of p < 0.05.

3. Results

Factor analysis results indicated that in the PD group, cadence (approximately 20%) and gait velocity
(approximately 31%) were significantly lower compared to the control group. Meanwhile, swing time
(approximately 16%), stance time (approximately 24%), stride time (approximately 22%), step time
(approximately 24%), single stance time (approximately 16%), and double stance time (approximately
38%) were significantly higher in the PD group compared to the control group. The results regarding task
factor showed that this factor had a significant effect on most spatial-temporal variables. Factor analysis
results also showed that the variability in all spatial-temporal gait variables was higher in the PD group
compared to the control group. However, in variables such as double stance time (approximately 58%),
single stance time (approximately 31%), stride time (approximately 70%), step length (approximately
43%), and percentage of foot contact with the ground (approximately 53%), it was significantly higher in
the PD group compared to the control group (Table 3). The obstacle factor also showed a significant effect

235 Azadian et al. Evaluation of Spatio-Temporal Gait Variability. J Sport Biomech.2023;9(3):234-250.




Journal of

on the variability of some parameters. Crossing the obstacle compared to normal walking in both groups
led to a significant increase in variability in swing time (approximately 71%), single stance time
(approximately 57%), stride time (approximately 35%), and step time (approximately 36%), and only
variability in double stance time (approximately 36%) decreased during obstacle crossing. The interaction
between group and task in these variables was not significant, indicating that the obstacle factor increased
variability in both groups (Table 3).

Table 3. Factor analysis of variability in spatiotemporal variables F (P-value)

Task Task * Group Group
Cadence 1.882 (0.180) 0.553 (0.463) 0.028 (0.869)
Speed 2.755 (0.107) 0.395 (0.534) 3.153 (0.086)
Stance time 0.567 (0.457) 1.562 (0.221) 2.076 (0.160)
Swing time 13.197 (0.001) 0.002 (0.966) 2.697 (0.111)
Double support time 4.632 (0.04) 0.319 (0.577) 4.986 (0.033)
Single support time 12.570 (0.001) 0.142 (0.709) 4.170 (0.045)
Step time 7.116 (0.012) 1.873 (0.171) 5.649 (0.024)
Stride time 3.98 (0.049) 0.648 (0.427) 3.701 (0.111)
Step length 0.059 (0.809) 0.550 (0.817) 5.703 (0.023)
Stride length 0.132 (0.719) 0.113 (0.739) 1.145 (0.293)
foot off 0.917 (0.346) 0.011 (0.916) 0.607 (0.442)
Opposite foot off 0.444 (0.510) 0.119 (0.733) 2.491 (0.125)
Opposite foot contact 1.449 (0.230) 0.190 (0.666) 8.065 (0.008)

4. Conclusion

The aim of this study was to investigate the impact of obstacle crossing on spatial-temporal gait parameters
and to examine the variability of these parameters. The results of a correlation study were consistent with
the findings of the current study, indicating that for the PD group, the risk of falling was strongly associated
with certain gait parameters such as speed, stride length, and step time. In contrast, for healthy elderly
individuals, the risk of falling was associated with balance metrics such as path length and sway in the AP
and ML directions. Interestingly, there was no strong relationship between the risk of falling and balance
metrics for individuals with PD, despite showing greater oscillation compared to healthy elderly
individuals. Obstacle crossing also resulted in a significant increase in step time, stride time, step length,
and stride length compared to normal walking. However, percentage variables during obstacle crossing
showed a significant decrease, which was more pronounced in the PD group. In previous research, the most
important temporal factors in gait are the stance and swing phases. The stance phase accounts for
approximately 60% of the gait cycle, with the remaining 40% attributed to the swing phase. According to
Schmidt's motor program theory, the temporal ratio of these two variables remains constant when the gait
pattern is consistent, such as walking at different speeds. However, the results of this study showed that
obstacle crossing resulted in a significant change in the timing between the stance and swing phases. In
other words, the ratio of these phases in normal walking and walking during obstacle crossing had a
significant difference. Therefore, it can be concluded that the task of obstacle crossing is controlled by a
different motor program.
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