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Abstract

Walking is considered symmetric in neurologically healthy individuals. How-

ever, asymmetry begins to occur with aging, and could be indicative of neuro-

degenerative diseases, such as Parkinson’s disease (PD). The aim of this chapter

is to discuss gait asymmetry in people with PD. Specifically, we present a

general idea about unilateral signs/symptoms of PD and its influence on

asymmetry and review the literature about unobstructed gait asymmetry in

people with PD. Finally, we show the effects of obstacle crossing and auditory

cues on gait asymmetry in people with PD. Previous studies have indicated that

people with PD presented greater asymmetry in the temporal parameters

compared to neurologically healthy older subjects. For obstacle crossing dur-

ing walking, both people with PD and neurologically healthy older individuals

demonstrated a higher symmetric index for step duration during obstacle
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F.A. Barbieri, R. Vitório (eds.), Locomotion and Posture in Older Adults,
DOI 10.1007/978-3-319-48980-3_11

161

mailto:barbieri@fc.unesp.br
mailto:penedoedfis@gmail.com
mailto:pedro12p@hotmail.com
mailto:lucassimieli@hotmail.com
mailto:gaa_moretto@hotmail.com
mailto:felipe.imaizumi@gmail.com
http://http://cmenezesfiorelliyahoo.com.br
mailto:ltbgobbi@rc.unesp.br


crossing while walking compared to unobstructed walking. Therefore, obstacle

avoidance increases gait asymmetry of neurologically healthy older

individuals and people with PD. Auditory cues decreased asymmetry for step

length, duration and velocity, and cadence in individuals with PD compared to

neurologically healthy older individuals. However, only neurologically

healthy older individuals demosntrated greater asymmetry in the trials with

auditory cues for step length, duration and velocity, and cadence. Therefore,

auditory cues seem to have no effects on gait asymmetry for unobstructed and

obstacle walking in individuals with PD, and impair gait asymmetry in neuro-

logically healthy older individuals during obstacle avoidance.

Keywords

Asymmetry • Walking • Parkinson’s disease • Sidedness • Aging • Obstacle

avoidance • Auditory cues

11.1 Introduction

The term asymmetry can mean both structural and functional left–right

dissimilarities [1]. Asymmetry can be considered as differences in performance

and motor control between sides. The concepts of symmetry and asymmetry are

closely tied to function of the two hemispheres of the human brain. Despite having a

preferred limb during tasks, walking is considered symmetric in neurologically

healthy individuals [2]. However, asymmetry begins to occur with aging [2], and

could be indicative of neurodegenerative diseases [3, 4], such as Parkinson’s

disease (PD). PD is characterized by a predominantly unilateral appearance of

tremor, rigidity, and bradykinesia [5]. However, there is no obvious cause for the

preferential unilateral neurodegenerative process [6].

The study of asymmetry in walking in people with PD may help in understand-

ing the pathogenesis of the disease [6]. Clarifying what is responsible for motor

asymmetry in PD is certainly important for understanding the cause of PD and its

progression [7]. However, the motor control mechanisms of the limbs during

walking are not well understood. The few studies that have analyzed asymmetry

in gait evaluated tasks which presented little challenge, for example, walking

without environmental demands (unobstructed walking). Challenging tasks, such

as crossing an obstacle during walking, represent daily activities and can help in

understanding the unilateral symptoms of PD. Therefore, in this chapter we

discuss gait asymmetry in people with PD. Specifically, we present a general

idea about unilateral signs/symptoms of PD and its influence on asymmetry and

review the literature with regard to unobstructed gait asymmetry in people with

PD. Finally, we show the effects of obstacle crossing and auditory cues on gait

asymmetry in people with PD.
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11.2 Parkinson’s Disease and Unilateral Motor Impairment

PD is characterized by the dysfunction or death of neurons that produce dopamine.

PD affects 0.3% of the general population, with the highest prevalence in

individuals over 60 years old [8]. PD causes degeneration mainly in the substantia

nigra of the basal ganglia that is located in the midbrain, causing several forms of

motor impairment [9]. The reduced level of dopamine inhibits the thalamus cortical

and brainstem motor systems, compromising other brain structures [10]. This

degeneration affects the planning and execution of motor actions in people with

PD, especially repetitive, simultaneous, and sequential movements [11].

The diagnosis of PD is generally detected through the characteristic signs and

symptoms of the disease. The principal signs and symptoms of PD used for

diagnosis are bradykinesia, akinesia, hypometry, resting tremors, and muscle

stiffness [11]. In addition, the unilateral predominance of the disease is another

important indicator for PD diagnosis [6, 7], which is related to asymmetry

between the sides.

Sidedness is used to differentiate PD from other neurodegenerative diseases

[6]. More than half of people with PD present sidedness in motor impairment

[12–16], commonly indicated by the Unified Parkinson’s Disease Rating Scale

[12, 17, 18]. The unilateral predominance of signs and symptoms affects patients

in the early stages of the disease and may persist throughout the progression

period of the disease—20–30 years [6, 19]. Previous studies have reported that

impairment in the lower and upper limbs of people with PD occurs in accordance

with the extent of brain damage in regions containing dopamine in each hemi-

sphere [20–22]. Individuals with unilateral PD present significant differences in

striatal uptake between sides, in both the caudate and putamen nuclei [23, 24]. In

addition, the dominant hemisphere has a widespread distribution in the thalamus

circuitry [25–27].

Structural, genetic, environmental, and toxic or metabolic mechanisms could

explain this asymmetry in PD signs and symptoms [6]. However, two theories are

most accepted to explain the unilateral signs and symptoms [6]. Before detailing the

explanations, it is interesting to indicate that motor signs and symptoms emerge

after the loss of about 50–70% of the nigral neurons [9, 10]. The first theory

indicates that there are normal inborn differences in the numbers of nigral dopami-

nergic neurons. Consequently, from birth, the number of nigral neurons on one side

may be lower than that on the other side. The degenerative process of the disease

affects both sides equally, but the side with the primarily reduced number of

neurons reaches the critical point of vulnerability earlier. The second theoretical

possibility is that, for some reason, one substantia nigra is more vulnerable than the

other, and once the degenerative process starts, accelerated cell death occurs first on

that side (see reference [6] for more details).
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11.3 Gait Asymmetry in People with Parkinson’s Disease

Due to sidedness of motor impairments, people with PD present asymmetrical

adjustments in walking. However, the mechanisms that cause gait asymmetry in

people with PD are not well known. Gait asymmetries in PD reflect an asym-

metrical depletion of dopamine in the substantia nigra [28, 29]. This results in

asymmetrical deregulation of the striatum, leading to further asymmetrical

dysfunction of multiple circuits involving the basal ganglia and cortical regions

[30, 31].

Previous studies have indicated that people with PD presented greater asym-

metry in the temporal parameters compared to neurologically healthy older

subjects [4, 32–37]. Specifically, swing time and its variability are the most

asymmetrical parameters in people with PD, which are related to freezing

episodes, falls, and decreased executive function [4, 32–35]. However, step length

[38] and ground reaction forces [32] seem to be symmetrical parameters in

unobstructed walking for individuals with PD. Table 11.1 shows previous studies

that investigated gait asymmetry in people with PD. It is important to indicate that

the findings of these studies were from walking without environmental demand.

The presence of an obstacle during walking could increase gait asymmetry due to

the increased complexity of the task. In the next section we present our findings on

the effects of obstacle avoidance on gait asymmetry in people with PD.

To mitigate the effects of the signs and symptoms, especially asymmetry, and

to improve the quality of life of people with PD, some interventions are used.

The most common is pharmacological treatment. Although pharmacological

treatment is effective at improving motor performance in people with PD, it

presents some side effects. Therefore, other interventions have also been used,

such as the external cues paradigm [39, 40] to reduce asymmetry without side

effects. Verbal external [41], visual [42], rhythmic [43, 44], and auditory [45–47]

cues are conventionally used in PD treatment. Previous studies have indicated

that auditory cues are most effective for people with PD [48, 49], which improve

rhythmicity, walking speed, and step length [47, 50–52]. One possible explana-

tion for the improvement in gait from auditory cues is that movement requires

less effort and attention, which could facilitate walking [44]. However, the use of

external cues, especially auditory cues, has not been sufficiently studied with

respect to the effects on asymmetry in people with PD. It is possible, this

intervention could decrease walking asymmetries in people with PD. The results

of our study about the effects of auditory cues on gait asymmetry in unobstructed

and with obstacle walking in people with PD are presented in the following

sections.
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11.4 Effects of Obstacle Avoidance on Gait Asymmetry
in People with Parkinson’s Disease

Unobstructed walking of individuals with PD is asymmetric. However, spatial

parameters [38] and ground reaction forces [32] seem to be symmetric in unob-

structed walking. Despite important findings about gait asymmetry in previous

studies, analysis of asymmetry during complex gait tasks, such as obstacle crossing

during gait, which are performed daily by this population [53], is neglected.

Obstacle crossing during walking is one of the main factors leading to falling in

people with PD [53–55]. Bilateral asymmetry reflects medial–lateral imbalance and

instability and, hence, a predisposition to falls [33]. Previous researches has

indicated that obstacle crossing during walking increases gait impairment in people

with PD, mainly the hypometry and bradykinesia [53, 56–60], decreasing the toe

clearance during obstacle crossing and changing the foot position in relation to

the obstacle [53, 54, 61, 62]. Therefore, due to the increase in difficulty, complexity,

and motor requirements during obstacle crossing for people with PD, asymmetry

during this type of gait could be exacerbated.

We investigated the influence of obstacle crossing on gait asymmetry in

individuals with PD and neurologically healthy older individuals (control group)

(Table 11.2). Participants performed five trials of unobstructed gait and ten trials of

obstacle crossing during gait (five trials of crossing with each leg) at a self-selected

speed. Both people with PD and neurologically healthy older individuals (control

group) demonstrated a higher symmetric index [63–65] for step duration during

obstacle crossing while walking compared to unobstructed walking. Obstacle

crossing increased step duration of both crossing step limbs compared to step

duration in unobstructed walking and increased step duration of the step with the

most affected (people with PD)/non-dominant (control group) limb compared to the

step with the least affected/dominant limb. Our findings confirmed the idea that

obstacle crossing increased gait asymmetry compared to unobstructed walking.

Obstacle crossing requires that individuals perform adjustments during walking,

necessitating rapid planning and execution of adaptive movements [66], which

seems to exacerbate gait asymmetry. Obstacle avoidance involves complex cir-

cuitry, such as the parietal and motor cortex, the lateral cerebellum, and pontine

gray nuclei [66], which appears to be more susceptible to sudden interference. For

example, obstacle avoidance is characterized by reduced velocity, shortened step

length, and larger step width [53, 55, 57, 67, 68], which needs a more conservative

and cautious strategy. The combination of consciously controlled walking with

deliberate obstacle avoidance may well outweigh the available resources, causing

these adjustments and increasing gait asymmetry. Older people already present

deficits in the circuitry indicated below, mainly in peripheral structures [69], which

could cause gait asymmetry during complex locomotion. These structures are more

impaired in PD, affecting the basal ganglia and requiring greater compensatory

involvement from other parts of the brain during walking [70]. In addition,

individuals with PD present a progressive difference in striatal uptake between

the cerebral hemispheres in both the caudate and putamen nuclei and in the

11 Parkinson’s Disease and Gait Asymmetry 167
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cortical–basal ganglia–thalamic circuitry [25–27], which cause gait asymmetry and

seem to increase during challenging tasks. Therefore, obstacle avoidance increases

gait asymmetry in neurologically healthy older individuals and people with PD.

11.5 Influence of Auditory Cues on Gait Asymmetry during
Obstacle Avoidance

Previous studies have indicated that auditory cues are the most effective cues for

people with PD [48, 49]. Auditory cues are external stimuli associated with the

initiation and ongoing facilitation of a movement [40], which improves rhythmic-

ity, walking speed, and step length [47, 50–52]. Due to auditory cues that influence

the neural circuitry regulating gait, Brodie and collaborator [73] indicated that

symmetry matched auditory cues compensated the unsteady gait in the majority

people with PD, but did not interfere in gait asymmetry. Despite this, the authors

suggest that during challenging walking task, such as turning or obstacle crossing,

auditory cues could decrease gait asymmetry.

Our group investigated the influence of auditory cue on gait asymmetry during

obstacle avoidance in people with PD and neurologically healthy older individuals.

Participants performed five trials of unobstructed gait and ten trials of obstacle

crossing during gait (five trials of crossing with each leg) with and without auditory

cues. First, the individuals performed the trials without auditory cues. For the audi-

tory cue trials, the cue (controlled by a metronome) was customized for each

individual according to the cadence determined by three trials performed prior to

starting the experiment.

People with PD and neurologically healthy older individuals presented different

behaviors for gait asymmetry when auditory cues were provided (Table 11.3).

Individuals with PD demonstrated lesser asymmetry for step length, duration and

velocity, and cadence than neurological healthy older individuals when auditory

cues were offered. For individuals with PD, auditory cues in unobstructed walking

decreased step velocity asymmetry. Only neurologically healthy older individuals

showed greater asymmetry in the trials with auditory cues for step length, duration

and velocity, and cadence. In addition, the control group demonstrated greater

asymmetry for stride velocity with auditory cues in obstacle crossing compared to

unobstructed walking. Finally, neurologically healthy older individuals increased

gait asymmetry (step length, velocity, and cadence) during obstacle crossing with

auditory cues compared to without auditory cues.

Auditory cues had no effects on gait asymmetry for unobstructed and obstacle

walking in individuals with PD. Only step velocity in unobstructed walking

improved gait asymmetry with auditory cues. The findings corroborate with Brodie

and collaborators [73] who did not find an influence of auditory cues on gait

asymmetry. This finding could be interpreted as asymmetry in morphology, mus-

culature, and joints related to aging than directly through mechanisms related to the

diagnosis of PD [73]. However, although auditory cues influence the neural cir-

cuitry regulating gait [43, 46], improving automatic movement [71, 72] and
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decreasing asymmetry, when individuals with PD cross an obstacle, auditory cues

did not improve, but did not impair, gait asymmetry. The findings seem to indicate

that people with PD do not use auditory cues, or that obstacle avoidance impairs the

benefit of auditory stimuli in gait asymmetry. An important aspect to analyze in

future studies is if people with PD are able to synchronize their steps (heel contact)

with auditory cues. It is possible that the higher demands of this task prevent

adequate the use adequately of the auditory information.

More surprising were the results for neurologically healthy older individuals. The

combination of obstacle avoidance and auditory cues increased gait asymmetry.

Auditory cues seem to disrupt the gait pattern of neurologically healthy older

individuals, which increases gait variability [39]. Possibly the combination of

auditory cues and obstacle crossing increases the robustness of the task, increasing

gait pattern disruption. Auditory cues seem to interfere with well-learned movement

patterns in people without basal ganglia deficits, which perturbs the functioning of

internal mechanisms [73]. Therefore, the use of auditory cues for neurologically

healthy older individuals during obstacle avoidance seems not to be recommended.

11.6 Final Remarks

Neurologically healthy older individuals seem to start presenting asymmetry in

gait, probably caused by aging effects. However, gait asymmetry is exacerbated in

people with PD due to the effects of the disease that generate unilateral motor

Table 11.3 Means and standard deviations of the walking parameters and symmetric index [63–

65] without and with auditory cues in people with PD and neurologically healthy older individuals

People with PD

Neurologically healthy older

individuals

Symmetric index (%)

Without

auditory cues

With

auditory cues

Without

auditory cues

With

auditory cues

Unobstructed walking

Step length 2.30� 2.09 1.60� 1.50 1.94� 2.02 1.93� 1.16

Step duration 1.23� 0.77 1.17� 0.70 1.07� 0.86 1.05� 0.67

Step width 6.39� 6.84 3.60� 3.17 3.82� 3.10 3.63� 3.50

Step velocity 2.60� 1.96 1.50� 1.19 1.95� 1.72 2.29� 1.30

Cadence 1.24� 0.77 1.17� 0.72 1.06� 0.87 1.03� 0.67

Double support 4.33� 4.74 3.49� 2.48 2.50� 2.41 2.76� 4.35

Obstacle walking

Step length 1.88� 1.45 2.34� 1.36 2.28� 1.69 5.74� 3.91

Step duration 2.30� 1.67 2.43� 2.97 1.96� 0.68 7.44� 4.80

Step width 5.94� 5.80 7.60� 5.24 7.57� 5.85 15.36� 16.18

Step velocity 2.20� 1.55 3.18� 2.50 2.48� 1.53 10.53� 6.86

Cadence 2.30� 1.66 2.47� 3.01 1.98� 0.64 7.47� 4.70

Double support 2.96� 3.59 3.34� 3.99 5.20� 4.72 7.62� 3.85
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degradation. Several studies have found greater unobstructed gait asymmetry in

individuals with PD, especially for temporal gait parameters. However, little is

known about gait asymmetry during obstacle avoidance in both people with PD and

neurologically healthy older individuals.

Obstacle avoidance seems to increase gait asymmetry in both people with PD

and neurologically healthy older individuals. Differently from unobstructed gait,

the effects of aging seem to increase gait asymmetry in complex walking, indepen-

dent of the effects of PD. Older people already present deficits in brain circuitry,

which are more impaired in people with PD, increasing gait asymmetry during

obstacle avoidance. Older individuals, and particularly people with PD, are espe-

cially impaired to switching in motor tasks, requiring subjects to make corrective

steps instead of walking straight [66], predominantly during challenging walking

tasks. It is possible that the basal ganglia are important for set-dependent adaptation

of movement patterns for changes in condition, indicating that individuals have

inflexible control [74], which is aggravated by sensory and perceptual deficits such

as in people with PD [75].

Auditory cues seem to have no effects on gait asymmetry for unobstructed and

obstacle walking in individuals with PD, but they impair gait asymmetry in

neurologically healthy older individuals during obstacle avoidance. Possibly the

combination of auditory cues and obstacle crossing disrupted the gait pattern in

neurologically health older individuals, increasing gait asymmetry. In addition,

individuals with PD were not able to use auditory cues to improve gait asymmetry

during obstacle avoidance. This task seems to be a complex movement for people

with PD that demands more movement coordination and attention, impairing the

use of auditory stimulus.
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60. Vitório R, Lirani-Silva E, Barbieri FA, Raile V, Batistela RA, Stella F, Gobbi LT. The role of

vision in Parkinson’s disease locomotion control: free walking task. Gait Posture. 2012;35

(2):175–9.

61. van Hedel HJ, Waldvogel D, Dietz V. Learning a high-precision locomotor task in patients

with Parkinson’s disease. Mov Disord. 2006;21(3):406–11.

62. Dietz V, Michel J. Locomotion in Parkinson’s disease: neuronal coupling of upper and lower

limbs. Brain. 2008;131(Pt 12):3421–31.

63. Herzog W, Nigg BM, Read LJ, Olsson E. Asymmetries in ground reaction force patterns in

normal human gait. Med Sci Sports Exerc. 1989;21:110–4.

64. Beretta VS, Gobbi LTB, Lirani-Silva E, Simieli L, Orcioli-Silva D, Barbieri FA. Challenging

postural tasks increase asymmetry in patients with Parkinson’s disease. PLoS One. 2015;10(9),

e0137722.

65. Barbieri FA, Polastri PF, Baptista AM, Lirani-Silva E, Simieli L, Orcioli-Silva D, Beretta VS,

Gobbi LTB. Effects of disease severity and medication state on postural control asymmetry

during challenging postural tasks in individuals with Parkinson’s disease. Hum Mov Sci.

2016;46:96–103.

66. Snijders AH, Weerdesteyn V, Hagen YJ, Duysens J, Giladi N, Bloem BR. Obstacle avoidance

to elicit freezing of gait during treadmill walking. Mov Disord. 2010;25(1):57–63.

67. Patla AE, Prentice SD, Robinson C, Neufeld J. Visual control of locomotion: strategies for

changing direction and for going over obstacles. J Exp Psychol Hum Percept Perform. 1991;17

(3):603–34.

68. Patla AE. Strategies for dynamic stability during adaptive human locomotion. IEEE Eng Med

Biol Mag. 2003;22:48–52.

174 F.A. Barbieri et al.



69. Seidler RD, Bernard JA, Burutolu TB, Fling BW, Gordon MT, Gwin JT, Kwak Y, Lipps

DB. Motor control and aging: links to age-related brain structural, functional, and biochemical

effects. Neurosci Biobehav Rev. 2010;34(5):721–33.

70. Berardelli A, Rothwell JC, Thompson PD, Hallett M. Pathophysiology of bradykinesia in

Parkinson’s disease. Brain. 2001;124(Pt 11):2131–46.

71. Morris ME, Iansek R, Matyas TA, Summers JJ. Stride length regulation in Parkinson’s disease.

Normalization strategies and underlying mechanisms. Brain. 1996;119(2):551–68.

72. Cunnington R, Iansek R, Bradshaw JL. Movement-related potentials in Parkinson’s disease:

external cues and attentional strategies. Mov Disord. 1999;14(1):63–8.

73. Brodie MA, Dean RT, Beijer TR, Canning CG, Smith ST, Menant JC, Lord SR. Symmetry

matched auditory cues improve gait steadiness in most people with Parkinson’s disease but not

in healthy older people. J Parkinsons Dis. 2015;5(1):105–16.

74. Cools R, Barker R, Sahakian B, Robbins T. L-dopa medication remediates cognitive inflexi-

bility, but increases impulsivity in patients with Parkinson’s disease. Neuropsychologia.

2003;41:1431–41.

75. Almeida QJ, Frank JS, Roy EA, Jenkins ME, Spaulding S, Patla AE, Jog MS. An evaluation of

sensorimotor integration during locomotion toward a target in Parkinson’s disease. Neurosci-

ence. 2005;134:283–93.

11 Parkinson’s Disease and Gait Asymmetry 175


	11: Parkinson´s Disease and Gait Asymmetry
	11.1 Introduction
	11.2 Parkinson´s Disease and Unilateral Motor Impairment
	11.3 Gait Asymmetry in People with Parkinson´s Disease
	11.4 Effects of Obstacle Avoidance on Gait Asymmetry in People with Parkinson´s Disease
	11.5 Influence of Auditory Cues on Gait Asymmetry during Obstacle Avoidance
	11.6 Final Remarks
	References


