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A B S T R A C T

The presence of a second obstacle changed the planning and adjustments for obstacle avoidance performance,
but this context is poorly understood in Parkinson’s disease (PD). The aim of this study was to investigate the
walking behavior over multiple obstacles in people with PD. Nineteen people with PD and 19 healthy individuals
walked across an 8 m pathway, performing three trials for following conditions: unobstructed walking, walking
with one obstacle avoidance (Single), and walking with two obstacles avoidance (Double). In the Double con-
dition, the analysis was performed only for the first obstacle (First Double). The dependent variables were
calculated separately for the approach and crossing phases in the obstacle conditions. The main results show that
people with PD decreased single support and increased double support phase in both Single and Double con-
ditions compared to the unobstructed walking. Both groups increased stride duration during approach phase in
the Double condition compared to the unobstructed walking and Single conditions. The presence of the second
obstacle led to a decrease in trailing toe clearance during obstacle avoidance of the First Double. In conclusion,
people with PD use a conservative strategy while approaching obstacles. Both groups need more time to obtain
and process environmental information and plan the action in environments with multiple obstacles. The smaller
leading toe clearance might be an indicative that the presence of a second obstacle increase the likelihood of
tripping during obstacle avoidance in both people with PD and healthy individuals.

1. Introduction

Obstacle avoidance during walking is a complex task for people
with Parkinson‘s disease (PD), which increases the likelihood of trip-
ping, being that this is one of the main causes of falls in this population
[1]. Despite obstacle avoidance being a common daily activity, people
with PD present deficits in cognitive domains, the sensorimotor system,
planning and control of movements, acquisition of visual and somato-
sensory information, and integration of the systems that may impair
obstacle avoidance during walking [2–5]. Due to these impairments,
people with PD decrease gait automaticity [4,6], presenting difficulties
in adjusting foot position, identifying environmental characteristics
with precision, and planning a movement appropriately in order to
ensure the success of obstacle avoidance [7].

Previous studies have indicated that in the presence of a single
obstacle, people with PD increase step width, spend less time in the
swing phase, and reduce gait velocity and the horizontal distance be-
tween the feet and the obstacle compared to healthy individuals [8–11].
This behavior indicates that people with PD are more unstable [8] and

demonstrate hypometria (reduced movement amplitude) and bradyki-
nesia (slowness of movement) [10,11] during obstacle avoidance.
However, during activities of daily living, people are often confronted
with more than one obstacle in their travel path [12,13], and this has
not yet been investigated in people with PD. Environments with two or
more obstacles are more complex and might increase the risk of trip-
ping during obstacle avoidance in people with PD.

The presence of a second obstacle changes the planning and ad-
justments for obstacle avoidance [14]. Healthy individuals, in the
presence of a second obstacle, decrease the crossing step velocity and
landing distance for both the first and second obstacles, indicating a
cautious strategy but with a higher risk of falling [13]. However, this is
the first study to investigate the influence of secondary obstacle
avoidance during walking in people with PD. Previous studies involving
situations of stepping on one and/or two targets positioned in the
pathway found that stepping accuracy of older adult fallers and people
with PD declined in the presence of second target [15,16]. The loss of
accuracy was associated with early gaze deviation from the stepping
location (target), suggesting that older adult fallers and people with PD
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prioritize the planning of future actions over the execution of ongoing
steps [15,16]. As such, one might expect that people with PD, during
multiple obstacles condition, look away before completing the ongoing
step over the first obstacle, which would increase the risk of tripping.
Environments with multiple obstacles require sequential adjustments
for safe navigation and increase the demand on central processing.
Individuals have to deal with an increased amount of relevant en-
vironmental information, which have to be processed and incorporated
to the motor plan [17]. As people with PD present cognitive and sen-
sorimotor deficits [2], they might be at increased risk while walking
over multiple obstacles.

Therefore, the aim of the current study was to investigate the
walking behavior over multiple obstacles in people with PD and to
compare the behavior with healthy individuals. It was hypothesized
that (a) the presence of a second obstacle in the travel path would cause
gait adjustments in the approach phase (decrease in stride length and
velocity and increase in stride duration) and crossing phase (decrease in
step length and velocity and increase in step duration). In addition, (b)
due to PD-related limitations in central processing while computing the
second obstacle into motor plan, the presence of a second obstacle on
the floor would magnify the obstacle avoidance deficits in people with
PD.

2. Methods

2.1. Participants

After signing the informed consent, 20 individuals with PD (PD
group), according to the UK Brain Bank Criteria [18], and 20 healthy
matched-individuals (control group) participated in the study, which
had been approved by the local Ethics Committee
(#26664014.5.0000.5465). Individuals were included if they met the
following inclusion criteria: over 60 years of age, able to walk without
the use of any aids, not presenting cognitive decline, and not presenting
musculoskeletal, orthopedic and/or visual impairments. In addition, an
inclusion criterion was that the people with PD had to be taking PD
medication and be classified in stages I–III of the Hoehn & Yahr Scale
(H & Y [19]). PD group were tested in the “on state” of regular PD
medication (approximately 1 h after having taken a dose). The Levo-
dopa equivalent dose was calculated according to Tomlinson’s sugges-
tions [20].

2.2. Experimental protocol

The PD group was clinically evaluated, by a movement disorders
specialist, to determine the motor symptom severity and stage of PD,
using the motor portion of the Unified Parkinson’s Disease Rating Scale
(UPDRS III [21]) and the H & Y scale, respectively. Cognitive aspects
were assessed using the Mini Mental State Examination (MMSE [22]) in
both groups.

Participants received the instruction to walk over an 8 m wooden
pathway at a self-selected speed. Each participant performed three
trials for each condition: (i) unobstructed walking (UnW); (ii) walking
with one obstacle avoidance (Single); (iii) walking with two obstacles
avoidance (Double). The trials were randomized for each participant.
The obstacle was positioned midway along the pathway. The starting
position was adjusted for each participant to ensure comfortable ob-
stacle crossing with the right limb. In the Double condition, the second
obstacle (Second Double) was placed in the travel pathway 108 cm
(approximate stride length of people with PD [9]) distant from the first
obstacle (First Double), ensuring obstacle crossing for the Second
Double with the right lower limb (Fig. 1). The obstacles were made of
foam and were 15 cm in height, 3 cm thick, and 60 cm wide. The ob-
stacle height and inter-obstacle distance was fixed for this study, this
choice was based on the fact that many obstacles in our environment
are not scaled to an individual’s size or proportions [13].

Gait parameters were recorded using a GAITRite® system with a
frequency of 200 samples/s. For both obstacle conditions, the depen-
dent variables were calculated separately for the approach (final stride
before the obstacle) and crossing phases (Fig. 1). In the Double condi-
tion, the analysis was performed only for the First Double. For the
approach phase and UnW condition (mid-pathway stride), the variables
stride length, width, duration, and velocity and the time percentage in
the swing, single support, and double support phases were calculated.
With regard to the crossing phase, the calculated variables were step
length, width, duration, and velocity and the time percentage in the
swing phase. In addition, leading and trailing foot placement before the
obstacle (horizontal distance from the metatarsal marker to the marker
at the obstacle), leading and trailing toe clearance (vertical distance
from the metatarsal marker to the marker at the obstacle at the crossing
moment), and leading and trailing foot placement after obstacle
crossing (horizontal distance from the calcaneus marker to the marker
at the obstacle) were also analyzed. These variables were recorded
using an optoelectronic tridimensional system (OPTOTRAK Certus)

Fig. 1. Experimental setup and areas where gait variables were calculated.
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with a frequency of 100 samples/s, positioned in the right sagittal
plane. Four active markers were fixed at the following anatomic points:
a) 5th metatarsal and lateral face of the calcaneus of the right foot; b)
1st metatarsal and medial face of the calcaneus of the left foot. Ad-
ditionally, 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 variables were calculated using an
algorithm created in Matlab 7.0 (The Maths Works Inc.).

2.3. Data analysis

Statistical analysis was performed using SPSS 22.0 for Windows®.
Significance was set at p ≤ 0.05. T-tests were performed to compare
groups for demographic data. The statistical analysis was performed
separately for the approach and crossing phases. Gait parameters of the
approach phase were analyzed by two-way analysis of variance
(ANOVA), with group (PD group × control group) and condition
(UnW × Single × Double) as factors, with repeated measures for the
second factor. Due the single distance between obstacles used in the
Double condition, analysis of covariance (ANCOVA), with step length
during UnW as covariate, was used to compare the kinematic variables
in the crossing phase. In addition, the crossing phase variables that are
not influenced by a single distance between obstacle (horizontal dis-
tance before obstacle and toe clearance) were analyzed by two-way
ANOVA. The Bonferroni post hoc test was used to localize the differ-
ences when ANOVA revealed significant interactions. The partial eta
squared (pη2) statistic provided estimates of the effect sizes.

3. Results

The characteristics of the PD group and control group are presented
in Table 1. One individual with PD was not able to perform the obstacle
avoidance in the Double condition and was excluded together with
their pair (individual of the control group) from the analysis.

3.1. Approach phase

Interaction between group and condition was identified for stride
length (F2,72 = 5.895, p = 0.004, pη2 = 0.141), single support phase
(F2,72 = 4.508, p = 0.014, pη2 = 0.111), and double support phase
(F2,72 = 3.029, p = 0.055, pη2 = 0.078 - trend) (Fig. 2). Post hoc
analysis indicated that the PD group, in all conditions, presented
shorter stride length (UnW: p = 0.028, Single: p = 0.002; Double:
p = 0.002) and single support phase (UnW: p = 0.013, Single:
p = 0.001, Double: p = 0.003), and greater double support phase
(UnW: p = 0.035, Single: p = 0.009, Double: p = 0.02) compared to
the control group. In addition, both groups decreased stride length in
the Single (p < 0.001, p = 0.005, respectively) and Double conditions
(p < 0.001, p = 0.018, respectively) in comparison to the UnW con-
dition, being that the PD group presented an average reduction of
9.76%, while the average reduction in the control group was 3.64%.
Finally, the PD group decreased the single support phase and increased
the double support phase in the Single (p < 0.001, p = 0.002,

respectively) and Double conditions (p < 0.001, p = 0.005, respec-
tively) compared to the UnW condition, while the control group did not
present changes in these variables.

ANOVA also indicated a main effect of group for stride velocity
(F1,36 = 7.235, p = 0.011, pη2 = 0.167) and a main effect of condition
for stride duration (F2,72 = 5.445; p = 0.006, pη2 = 0.131), stride ve-
locity (F2,72 = 58.514, p < 0.001, pη2 = 0.619), and swing phase
percentage (F2,72 = 8.63, p < 0.001, pη2 = 0.193) (Table 2). The PD
group presented shorter stride length and single support phase greater
double support phase and slower stride velocity compared to the con-
trol group. In the Single and Double conditions, participants showed
slower stride velocity (p < 0.001, p < 0.001, respectively), and
greater swing phase (p = 0.002, p = 0.006, respectively) compared to
the UnW condition. In addition, the participants increased stride
duration in the Double condition compared to the UnW condition
(p = 0.019) and Single condition (p = 0.034).

3.2. Crossing phase

ANCOVA revealed a main effect of condition for step length
(F1,35 = 27.738, p < 0.001, pη2 = 0.442), step velocity
(F1,35 = 13.117, p = 0.001, pη2 = 0.273) and foot placement after
obstacle crossing (F1,35 = 4.614, p = 0.039, pη2 = 0.116) for leading
limb. Both PD and control group presented shorter step length, hor-
izontal distance after obstacle and slower step velocity in the Double
condition compared to Single condition. With regard to the trailing
limb, a main effect of condition was indicated for step length
(F1,35 = 59.492, p < 0.001, pη2 = 0.63), swing phase (F1,35 = 8.186,
p = 0.007, pη2 = 0.190), step velocity (F1,35 = 44.878, p < 0.001,
pη2 = 0.652) and foot placement after obstacle crossing
(F1,35 = 50.946, p < 0.001, pη2 = 0.593). In the Double condition,
participants showed shorter step length, swing phase, horizontal dis-
tance after obstacle and slower step velocity than the Single condition.
There was no main effect of group or interaction between group and
condition (Table 3).

ANOVA also revealed a main effect of group for leading foot pla-
cement before the obstacle (F1,36 = 7.604, p = 0.009, pη2 = 0.174)
and leading toe clearance (F1,36 = 4.891, p = 0.033, pη2 = 0.120). PD
group presented shorter horizontal distance before obstacle and lower
toe clearance compared to control group. In addition, a main effect of
condition was found for trailing toe clearance (F1,36 = 13.170,
p = 0.001, pη2 = 0.268). Participants reduced the toe clearance in
Double condition compared to Single condition. There was no inter-
action between group and condition (Table 3).

4. Discussion

The aim of the current study was to investigate the walking beha-
vior over multiple obstacles of people with PD and to compare the
behavior with healthy individuals. The main finding of this study show
that one or two obstacles on the floor have similar influence on the gait
of people with PD. Both groups, in the approach phase, decreased stride
length in the obstacle conditions compared to the UnW, being that the
PD group presented a more pronounced decrease in the stride length
(9.76%). In addition, PD group increased double support phase and
decreased single support phase during the approach phase, regardless of
the number of obstacles. Both groups increased stride duration during
more complex tasks (Double condition) in the approach phase. The
presence of a second obstacle required adjustments in crossing para-
meters of the First Double, mainly in a decrease in toe clearance. In
addition, the PD group presented smaller leading horizontal distance
before the obstacle and toe clearance. Based on our results, the fol-
lowing paragraphs discuss arguments for the complexity of the Double
condition and adjustments performed by participants, especially for
people with PD, and present interpretations of the effects of obstacle
avoidance in people with PD.

Table 1
Characteristics of the PD group and control group.

Demographic measure PD group Control group

Male/female 10/9 10/9
Age (years) 71.53 ± 6.39 70.37 ± 6.25
Body height (cm) 161.72 ± 8.13 161.04 ± 7.12
Body mass (Kg) 67.38 ± 9.44 72.82 ± 14.86
Mini Mental State Examination (score) 27.50 ± 1.70 28.35 ± 1.30
UPDRS − motor portion (score) 27.05 ± 7.60
Hoehn & Yahr (stage) 2.13 ± 0.40
Levodopa equivalent dose (mg/day) 585.23 ± 389.56
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To deal with the increased sensorimotor and central processing
demands of the task (environment with obstacles), people with PD
adopted a more conservative locomotor behavior during approach
phase than healthy individuals, increasing the stability regardless of the
number of obstacles. Besides showing a greater reduction of the stride
length, the people with PD modulate the single support and double
support phases. The single support phase is considered the most un-
stable phase of gait, due to only one foot touching the ground; in
contrast, double support is the most stable phase, because both feet
touch the ground [23]. An increased double support phase and de-
creased single support phase may relate to participants choosing to
shorten the unstable phases of the gait cycle during a complex task. This
is even more pronounced in environments with multiple obstacles,
where people with PD decrease stride duration. Previous research has

demonstrated that a decrease in stride time facilitates balance control in
the medio-lateral and fore-aft directions [24]. Taken together, these
results showed that people with PD use conservative strategy during the
obstacle approach to compensate for postural instability [8].

Unexpectedly, both the PD and control groups increased stride
duration in the approach phase during the Double condition.
Environments with multiple obstacles increase motor, attentional, and
sensory demands, suggesting that both groups need more time to obtain
environmental information, process information, and plan the action.
The planned and executed adjustments during the approach phase are
necessary to ensure success in the obstacle crossing action [25]. This
was confirmed by the greater adjustments in the obstacle crossing of the
First Double compared to Single condition. Obstacle crossing planning
requires recruitment of the frontoparietal networks [26,27], which can

Fig. 2. Interactions between groups and conditions for approach phase.

Table 2
Means and standard deviation for gait parameters during approach phase by group and by condition. The final two columns show the main effects of group and condition, respectively.
UnW: Unobstructed walking.

Gait parameters Group Unobstructed walking Single Double Effects of group Effects of condition

Stride width (cm) PD 12.25 ± 2.71 11.77 ± 2.56 12.56 ± 2.66 ns ns
Control 10.90 ± 2.33 10.53 ± 3.11 10.73 ± 2.93

Stride duration (s) PD 1.10 ± 0.09 1.10 ± 0.09 1.12 ± 0.08 ns UnW, Single < Double
Control 1.07 ± 0.10 1.10 ± 0.12 1.13 ± 0.11

Swing phase (%) PD 37.29 ± 1.52 38.32 ± 2.00 38.29 ± 2.23 ns UnW < Single, Double
Control 38.00 ± 1.58 38.60 ± 1.65 38.56 ± 1.72

Stride velocity (cm/s) PD 103.77 ± 16.31 93.11 ± 15.59 92.24 ± 14.91 PD < Control UnW < Single, Double
Control 114.64 ± 17.73 108.19 ± 18.39 107.06 ± 17.17

ns: non significant.
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be modulated by the basal ganglia [28]. Thus, due to dysfunctions in
the basal ganglia in PD, the cognitive resources become overloaded and
affect gait control more in people with PD than healthy individuals
[29].

The main effect of condition in the crossing phase for leading and
trailing limb demonstrated that the presence of the Second Double in-
fluenced the necessary adjustments to cross the First Double success-
fully. The increase in stride duration was necessary for the both PD and
control groups to planning the obstacle crossing. Both groups made
spatial and temporal adjustments (decreased of step length, velocity,
swing phase and horizontal distance after obstacle) to step over the
obstacle safely. Although our everyday environment are not adjusted
proportionally to our size, the use of a single distance between obstacles
led the healthy older people to perform larger adjustments due to the
longer step length.

The second obstacle influenced the trailing toe clearance during step
over the First Double. A reduction in the toe clearance could increase
the likelihood of trip and fall [10]. This suggest that both groups pre-
maturely transferred their attention to the second obstacle before
completing the ongoing step, which is associated with loss of accuracy
and precision of stepping movements and is likely to increase the in-
cidence of trips and falls [15,16]. In addition, the PD group presented
lower leading toe clearance and shorter horizontal distance before the
obstacle compared to the control group. Previous studies have indicated
that reduction in these distances increases the likelihood of tripping
[10,11]. These results confirm deficits in movement amplitude reg-
ulation (hypokinesia) in people with PD, especially during complex task
[11]. Thus, our results suggest that crossing one or two obstacles re-
presents a risky task for people with PD.

Even with consistent and novel results, this study has a limitation.

Due to the fixed distance between obstacles, some results should be
carefully analyzed, such as the decrease in variables during first double
crossing. In this way, we suggest that future studies modulate the dis-
tance between obstacles to better understand gait adjustments in en-
vironments with multiple obstacles.

In conclusion, to deal with the increased sensorimotor and central
processing demands of approaching to obstacles, people with PD
adopted a more conservative locomotor behavior than healthy in-
dividuals. Both PD and control groups need more time to obtain and
process environmental information and plan the action in environments
with multiple obstacles. In addition, the Second Double influenced the
trailing toe clearance during avoidance of the First Double in both
groups, which could increase the incidence of trips and falls.
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