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Abstract—Multitasking situ ations exacerbate g ait im pair-
ments and in crease the risk of falling among people with Par-
kinson disease (PD). This study compared obstacle negotiation
among 10 sub jects with PD an d 10 non parkinsonian co ntrol
(CTRL) subjects in tw o test cond itions differentiated by the
presence of music played thro ugh a pers onal music player.
Subjects walked the len gtho fa 10 m walkway at a self-
selected pace, crossing a 0.15 m obstacle placed at the mid-
point of the walkway. The results indicated that subjects with
PD crossed the obs tacle slower than CTRL subjects and that
concurrent music dif ferentially altered obstacle crossing
behaviors for the CTRL su bjects and subjects with PD. Su b-
jects with PD further decreased obs tacle-crossing velocitie s
and maintained spatial parameters in the m usic condition. In
contrast, CTRL subjects maintained all spatiotemporal parame-
ters of obstacle crossing with music. The alterations to crossing
behaviors observed among the subjects with PD su pport o ur
previous suggestion that listening to music while walking may
be an attentionally demanding task.

Key words: bradykinesia, cues, dual task, fall risk, gait, multi-
tasking, music, obstacle negotiation, Parkinson disease, walking.

INTRODUCTION

People with Parkinson diseas e (PD) are at the highe st
risk of falling among individuals with neurological impair-
ments [1], with 70 percent o f people with PD reported to
fall annually and 50 percent experiencing multiple falls
each year [1-2]. Balance im pairments and cognitive defi-
cits have been identified as the leading independent intrin-
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sic (patient-oriented) risk  factors [3—4], while obstacle
avoidance [5] and dual or multitasking situations [6] have
been implicated as the foremo st extrinsic (environmental)
risk factors for falls in the population with PD. The decre-
ment to gait performance observed when individuals with
PD execute multiple tasks simultaneously, and the implied
threat to stability, has led to the development of multitask
training p rotocols [7-9]. These training p rotocols aim to
increase functionality through improving the individual’s
capacity to perform additional tasks concurrent to walking.
Our recent wo 1k exploring the effects of concurrent
music on steady-state parkinsonian gait has provided fur -
ther support regarding the dual and multitask limitations
experienced by people with PD [10]. Our use of co ntem-
porary com mercial music closely simulated a rea 1-world
scenario in which walking with music has become a phe -
nomenon that is encountered on a daily basis. Our findings

Abbreviations: CTRL = control, CVCOM = crossing velocity
of whole-body center of mass, CVLead = crossing velocity of
lead limb, CVTrail = crossing velocity of trail limb, ES = effect
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indicated that while control (CTRL) subjects did not dem-
onstrate a change in spatiotemporal parameters of gait, sub-
jects with PD walked differently when listening to music
[10]. Specifical ly, subjects w ith PD spent a signifi cantly
longer proportion of the gait cycle in double-limb support
during walking trials in which they were listening to music.
When a multitask scenario was imposed in which subjects
were asked to perform an arithmetic problem concurrent to
walking and listening to music, subjects with P D demon-
strated slower gait velocity , a further increase in double-
limb support duration, and shorter strides, while the gait of
CTRL subjects was unaltered. W e suggested fro m these
findings that listening to music while walking may be an
attention-demanding activity for people with PD [10].

The motoric and attentional demands of locomotion in
complex everyday environments typically exceed those of
steady-state gait [11]. In dealing with these demands, it
would be valuable for the management of parkinsonian gait
deficits to develop multi task training protocols that extend
beyond the relative simplicity of steady-state gait to include
functional gait activities. Obstac le crossing, an example of
a functional gait activity, has been identified as an external
risk factor for falls among n eurological patients, and suc-
cessful obstacle crossing is associated with safe navigation
of the daily environment [1]. Accordingly, the primary pur-
pose of this study was to explore whether concurrent music
affects the obstacle crossing behaviors of nonparkinsonian
subjects and subjects with PD. Curiously, despite the identi-
fication of impaired obstacle negotiation as a major ca use
of falls among neurological patients [1], the behaviors asso-
ciated with obstacle negotiation among people with PD are
presently unclear. Consequently, the research question
addressed in this article also prov ided an oppo rtunity to
contribute further knowledge and define the obstacle nego-
tiation kinematics of people with PD while crossing a three-
dimensional obstacle. In line with ou r previous work, we
hypothesized that an expected decrement in obstacle nego -
tiation kinematic parameters among su bjects with PD
would be further exacerbated when these subjects concur-
rently listened to music [10].

METHODS

Subjects

We included a total of 20 subjects i n th is st udy—
10 subjects with idiopathic PD  (subject c haracteristics in
Table 1) and 10 age-matched, nonparkinsonian CTRL sub-

Table1.
Subject characteristics.
Subjects CTRL PD p-Value
Demographics
No. of Subjects 10 10 —
Age (yr, mean + SD) 65.9+6.0 67.2+6.1 0.63
Sex (M/F) 3/7 7/3 0.07
Height (m, mean + SD) 1.67+0.10 1.69+0.10 0.69

Clinical Characteristics

(mean + SD)

Disease Duration (yr) NA 42+73 —
Hoehn and Yahr NA 25+0.3 —
UPDRS (IIT) NA 273+53 —

Note: Values are mean + standard deviation (SD) for continuous variables and
number for nominal var iables. Hoehn and Yahr and UPDRS (I11I) scores were
measured with patients on antiparkinsonian medications.

CTRL = control, F = female, M = male, NA = not applicable, PD = Parkinson
disease, UPDRS = Unified Parkinson Disease Rating Scale (I1I).

jects. We recruited all subjec ts from the local community ,
recruiting the subjects with PD through local support
groups and neurologists. W e informed subjects of the
nature of the stud y and rece ived th eir in formed c onsent
before testing. We included subjects in the study if they had
been diagnosed with idiopathic PD b y a consultant neuro-
logist, had mild to moderate disease severity as determined
by the Hoehn and Yahr scale (Stage II to III) [12], had a sta-
ble medicatio n regimen (a minimum of 1 monthb  efore
testing), an d had th e ability to ambulate independ  ently
without using a walking aid. We excluded subjects with PD
if they had a disease duration of <1 year, had an additional
neurological d isorder or co morbidity likely to af fect gait
(e.g., stroke, orthopedic diseas e, diabetes mel litus), had a
score of <26 on the Mini-Mental Status Examination [13],
had a hearing deficit, or were already walking to music. We
included CTRL subjects if they did not have a hearing defi-
cit, could ambulate indep endently without the use of a
walking aid, and were free ofany self-reported neurological
disorders or comorbidities th at woul d af fect gait (e.g.,
stroke, orthopedic disease, diabetes mellitus).

Protocol
Subjects walked the length of a 10 m walkway at a

self-determined pace in six different test ing cond itions.
We distinguished test conditions by music accompani -
ment (no mus ic/music), asking the subjec ts to perform a
concurrent arithmetic task (s ingle task/dual task), and
obstacle (no obstacle/obstacle). The dataset in this article
addresses obstacle negotiation trials. We addressed single-
and dual-task trials in a separate report because of the
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differences in motor patternin g between steady -state gait
and obstacle negotiation [10].

Subjects performed 6 obstac le negotiation trial s in
each music condition for a total of 12 trials. We random-
ized task order to control for order and/or practice effects.
We blocked trials by the pre sence of music and counter -
balanced th e presen tation ord er of th e blo cks between
subjects. Subjects performed a practice trial without
music before data collect ion. We completed all testing
with the subjects with PD on medication, testing a mini-
mum of 1 ho ur p ostmedication. A trained res earcher
walking behind each subject ensured safety.

Apparatus

We placed reflective markers on th e sternal notch and
bilaterally on the acromion pr ocess, lateral humeral epi -
condyle, u Inar styloid process, greater trochan ter, lateral
femoral condyle, lateral malleolus, the anterior aspect of the
shoe (approximately between the first and second met atar-
sal), and the posterior aspect of the shoe (in the region of
the calcaneus). We collected thre e-dimensional kine matic
data using a six-camera motion analysis system (120 H z;
Pulnix TM-6701 AN progressi ve scan camerasy  stem
[Pulnix America, Inc; Sunnyvale, California] and Vicon
Motus 9.2 software [VICON; Englewood, Colorado]).

The obstacle was a dense foam block (0.15 m high %
0.15 m deep x 0.60 m wide) placed at the midpoint of the
walkway before trial onset. We marked the obstacle with
a retroreflective ma rker placed at the top/center of the
sagittal face. We played music at a self-selected volume
through hea dphones with an iPod Nano® (Apple, Inc;
Cupertino, California), which we attach ed to partici -
pants’ waistbands. We captured frontal and sagittal video
using digital video cameras.

Measures of Interest

In acc ordance with conven tion, we designated the
first leg to cross the obstacle as the lead limb and the sec-
ond leg to cross the obstacle  as the trail limb. Subjects
were free to self-select the crossing limb for all trials. The
spatiotemporal parameters of obstacle crossing we c alcu-
lated for each trial were step length (SL); toe-obstacle dis-
tance (TO); heel-obstac le dis tance (HO) ; step he ight of
lead foot (SHLead) and trail foot (SHT rail); and crossing
velocity of the lead limb (CVLead), trail limb (CVT rail),
and whole-body center o f mass (CVCOM). We defined
SL as the mean h orizontal dis tance be tween th e to e-off
position and heel-contact pos ition for the lead and trail
feet during obstacle crossing. We described the TO as the
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horizontal distance between the toe-of fposition of the
trail foot and the front edge of the obstacle before obstacle
crossing and th e HO as the ho rizontal distan ce b etween
the rear edge of the obstacle and the heel-contact position
of the lead foo t following obstacle crossing. We defined
SHLead and SHTrail as the vertical distance between the
toe of the foot and the center of the top surface of the
obstacle during the obstacle crossing step. Figure 1 illus-
trates the spatial measures of obstacle negotiation
included in this study.

Data Processing

We interpolated raw marker data as necessary and fil -
tered it at 10 Hz using a low-pass fourth-order Butterworth
filter. W e processed fi ltered marker data and calcul ated
spatiotemporal parameters of gait using custom written
algorithms (MATLAB® version R2007a, The MathWorks;
Natick, Massachusetts). We compared data between trials
to determine whether performance in successive trials was
influenced by practice or fatig ue. We did not identify an
effect for order ; therefore, we calculated mean values for
each dependent variable from six obstacle crossing trials in
each testing condition (no music/music).

We selected music based on the genre and artist prefer-
ences of the subject, determined through a prior telephone
interview. We determined the properties of each subject’s
music selections independently by two raters. We used the
presence of vocal content in each musical track to differen-
tiate the track as lyrical or instrumental. We established the
tempo o feach track using Jackson 1.3 4 DJ sequ encing
software (Van Aeken Software; Brussels, Belgium).

We determined freezi ng events using the sagittal
video records. We identified a freezing event as an inter-
ruption in forward progression during locomotion. A cus-
tom written algorithm set to identify a change in the static
position of th e obstacle detected obstacle contact occur-
rences. We confirmed obstacle contact events to occur as
a result of cont act between foot and obstacle from th e
sagittal video record.

Statistical Analysis

We analy zed data using SPSS 17.0 for Windows
(SPSS Inc; Chicago, Illi nois). We summarized demo -
graphic data and music properties descriptively and com-
pared them between groups using independent #-tests and
chi-square tests . W e analyz ed the e ffect of Music and
Group on spatiotemporal parameters of obstacle negotia-
tion using separate mixed 2-factor (Group [CTRL/PD] x
Music [no music /music]) rep eated-measures analyses of
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Direction of Progression

Figure 1.

Spatial measures of interest. Gray fill indicates lead limb foot; light fill indicates trail limb foot. Dark dashed line indicates approximate trajectory
of lead limb foot; light dotted line indicates approximate trajectory of trail limb foot. Measures shown are (A) step le ngth of lead foot, (B) step

length of trail foot, (C) toe-obstacl e distance, (D) heel-obstacle distance, (E) step height of lead foot, and (F) step height of trail foot. Temporal
measures, crossing velocity of lead limb, crossing velocity of trail limb, and crossing velocity of center of mass are not shown. OBS = obstacle.

variance. W e set sta tistical significa nce at 0.05. W ¢
reported effect size (ES) with partial nz values.

RESULTS

Subject characteristics w ere similar for CTRL sub-
jects and subjects with PD (Table 1). The mean tempo of
the mus ic se lections w as ¢ onsistent be tween groups
(#(18) =0.101, p = 0.92; CTRL = 105.6 beats per minute;
PD = 10 5.0 beats pe r minute) as confirmed by two
independent ra ters (intra class corre lation coef ficient =
0.860; 95 % confidence intervals 0.7 51-0.924). In addi-
tion, the lyrical cont ent of the tracks was comparable
between groups (#(18) = 0.152, p = 0.88; CTRL = 80.0%;
PD = 77.1%). The incidence of obstacle contacts did not
differ between groups or conditions, with zero obstacle
contacts recorded. In addition, we observed zero freezing
episodes for subjects with PD.

Table2 provides descriptive statistics and summary
statistical findings for spat iotemporal obstacle negotiation
parameters. When co ncurrently listening to music, the
CTRL subjects and subjects with PD differentially altered a
number of temporal obstacle crossing parameters. Specifi-
cally, in the musi c¢ trials, subjects wi th PD crossed the

obstacle slower th an in the no music cond ition, a finding

that was demonstrated by a 7.2 percent decrease in CVLead
and a 7.4 percent decrease in CVCOM in the music condi-
tion. In contrast, CTRL su bjects largely maintained obsta -
cle crossing velo city during music trials (CVLead, 0.1%
increase; CVCOM, 0.5% decrease). We confirmed this dif-
ferential effect by a significa nt interaction between Music
and Group for CVLead (F(1,18)=5.242, p=0.03; ES =
0.226; Figure 2(a)), and an interaction approaching signifi-
cance for CVCOM (F(1,18) =4.212, p = 0.06; ES =0.190;
Figure 2(b)). SL, TO, HO, SHLead, SHTrail, and CVTrail
were maintained between no music and concurrent music
trials for bot h CTRL subjects and subjects with PD (p >
0.05). Furthermore, the obstacl e cro ssing beh avior of the

subjects with PD was cons istently d efined by a signifi -
cantly slower CV Lead (F(1,18)= 6.650, p=0.02 ; ES=

0.270; Figure 2(a)) and CVCOM ( F(1,18)=5 .792, p=
0.03; ES= 0.243; Figure 2(b)) when compared with the
CTRL group.

DISCUSSION

The primary purpose of the current study w as to
establish the effect of concurrent music on the obstac le
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Table2.
Summary of descriptive statistics and statistical findings for gait parameters in group with Parkinson disease (PD) and control (CTRL) group.
CTRL PD
Parameter G M MxG
NM M Change NM M Change

Step Length (m) 0.866+0.18 0.862+0.14 0.004(-0.04t00.05) 0.851+0.14 0.831+0.14 0.020(-0.06t00.10) 0.730 0.549 0.701
Toe-Obstacle Distance (m) ~ 0.148 £0.04 0.138+0.03 0.010(-0.01t00.03) 0.160+0.04 0.140+0.03 -0.020 (0.01 t0 0.05) 0.620 0.086 0.531
Heel-Obstacle Distance (m) 0.176 £0.05  0.181£0.05 0.005(-0.03t00.02)  0.155+0.05 0.156+0.06 —0.001 (-0.02t00.02) 0.275 0.746 0.814
Step Height of Lead Foot (m) 0.182+0.04 0.179+0.04 0.004(-0.01t00.02) 0.186+0.01 0.193+0.03 —0.007 (-0.03t0 0.01) 0.526 0.714 0.241
Step Height of Trail Foot (m) 0.155+0.05 0.155+0.04 0.0002 (-002t0 002) 0.136+0.03 0.146+0.04 —0.010(-0.02t00.01) 0.422 0.355 0.377
Velocity of Lead Limb (m/s) 2.217+0.09 2.219+0.21 -0.002(-0.09t0 0.08)  2.006 +0.29 1.862+0.31 0.143 (0.03 to 0.26) 0.019 0.040 0.034
Velocity of Trail Limb (m/s) 1.981 £0.34 2.025+0.23 -0.044(-0.17t0 0.08)  1.897+0.37 1.842+0.35 0.055(-0.16t00.27) 0.341 0.922 0.377
Velocity of COM (m/s) 1.125+£0.10 1.119+0.10 0.006 (-0.04t0 0.05) 1.032+0.14 0.956+0.15 0.076 (0.01 to 0.04) 0.027 0.027 0.055

Note: NM and M values are presented as mean =+ standard deviation. Change values are NM minus M and are presented as mean (95% confidence intervals). Nega-
tive change value indicates improvement in parameters. G, M, and M x G values represent statistical significance of main effects (G and M) and interaction (M X

G) as determined from repeated-measures analysis of variance.
COM = center of mass, G = group, M = music, NM = no music.
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Figure 2.

Results of kinematic analysi s of (a) lead limb and (b) center of mass
(COM) crossing velocity in control (CTRL) subjects and subjects w ith
Parkinson disease (PD). Dark bars represent no music trials, while light
bars represent music trials. Data presented are mean and standard error
of mean. *Signiﬁcant effect of music. TSigniﬁcant effect of group.
ISigniﬁcant music X group interaction.

crossing beh aviors of subjects with PD and nonparkin-
sonian CTRL subjects . To accomplish this goal, it was
first necessary to ascertain the movement patterns of peo-
ple with PD when crossing a three-dimensional obstacle.
Subjects with PD and CTRL subjects were able to safely
avoid obstacle contact during crossing. In this study, the
obstacle was visible from the outset of the trial, evidently
allowing subjects adequate time to modify the spatial and
temporal characteristics of their stepping behavior to suc-
cessfully and safely ne gotiate the obstruction. Subjects
with PD crosse d the obsta cle considerably slower
(CVLead and CVCOM) than CTRL subjects, even in the
no music condition. T o address the possibility that par-
kinsonian bradykinesia was exacerbated by the presence
of an obstacle, we conducted a post hoc a nalysis of

CVCOM ussing data o btained from no music trials of
unobstructed (no obs tacle) a nd obstruc ted (obstacle)
walking trials. Analysis revealed equivalent decreases in
velocity among CTRL  subjects and subjects with PD
(CTRL=17.9%, PD = 18.2%; #18)=0.113, p=0.91)
when we obstructed walking with an obstacle. Based on
this finding, we suggest that the observed impairment in
obstacle crossing velocity displayed by the subjects with
PD reflects the bradykinesia that is inherent amongst the
population with PD during steady-state locomotion [14—15]
and does not reflect exacerbated bradykinesia in the pres-
ence of an obstruction.

Adding music to the task of obstacle negotiation differ-
entially influenced the obst acle-crossing behav iors of the
CTRL subjects and subjects with PD . More sp ecifically,
CTRL subjects maintained sp atiotemporal parameters of
obstacle negotiation with the addition of music. Co  n-
versely, and in concord with our hypothesis, subjects with
PD demonstrated a furth er decrease in obstacle crossing
velocities (CVLead and CVCO M) when concurrently lis-
tening to music; spatial para meters of obstacle crossing
were, however, preserved. Slower obstacle crossing veloci-
ties in no nparkinsonian older adults have been associated
with a conservative crossing  strategy, allo wing subjects
greater opportunity for recovery in the event of obstacle
contact [16—17]. In the p opulation with PD, however , it
may be more ap propriate to interpret reduced obstacle-
crossing velocities as representing a detrimental obstacle-
crossing beh avior, as the decreased crossing speed may
result in more time being spent in the unstable single-
support phase of the gait cycle. This contrasts the behavior
of people with PD during unobstructed walkin g, where



230

JRRD, Volume 47, Number 3, 2010

patients significantly increase the amount of time spent in
double-limb support [18] to maintain stability. Similar to
our previous work, we suggest that the decrease in obstacle-
crossing velocity observed in this study may reflect dual-
task interference [10]. W e postulate that listening to self-
selected music concurrent to walking acts as an additional
“task,” diverting attentional resources aw ay from the pri-
mary task of walking and safely negotiating an obstruction.
Despite this inference, in the experimental context provided
in this study, subjects with PD were still capable of making
sufficient online adjust ments t o gait pat terning to ensure
safe and successful negotiation of an obstacle in a situation
that presented auditory distraction.

The majority of falls in the park insonian population
are reported when patients are on medications and feel that
their symp toms are well manag ed [19]. Consequently, it
was fir st necessaryto describe th e obstacle-crossing
behaviors o f people with PD in th e medicated condition.
Therefore, the results presented in this article should not be
generalized to situa tions where patients are “off” medica-
tions or experiencing flu ctuations in med ication status. In
addition, the small, relatively homogeneous sample popu-
lation recruited for this study limits the generalizability of
our fin dings to the wider patient community in wh ich
symptoms and disease severity are more heterogeneous. A
sex disparity existed between the subjects with PD and
CTRL subjects (p =0.07). Since SL has been reported to
be shorter among female older adults [20], the sex inequality
between groups could conceivably contribute to the lack of
differences observed in s patial parameters of obstacle
crossing. Furthermore, females tend to walk with a slower
walking speed [21], potentially reducing the differences in
obstacle-crossing velocities reported between groups. We
propose that future research shou ld in corporate increas -
ingly challenging obstacle-crossing tasks, such as the pres-
ence o fa time constraint or asecond ary task to more
closely mimic natural walking enviro nments. In ad dition,
joint patterning and kinetic parameters of obstacle crossing
could be examined to offer a more thorough description of
the obstacle negotiation behaviors of people with PD. This
insight may help resolve the elevated fall risk experienced
by this population.

CONCLUSIONS
While commonalities exist between the obsta cle-

crossing behaviors disp layed b y su bjects with PD and
CTRL subjects, the crossing behavior demonstrate d by

the subjects with PD reflects bradykinetic gait patterning
that was not e xacerbated by the presence of an obsta cle.
The addition of concurrent music to the obstacle-negotiation
task did, however, furthe r de crease obstacle crossing
velocity among subjects with PD. Bas ed on current evi-
dence, we have interpreted the alterations to  crossing
behaviors exhibited by subjects with PD while concur-
rently listening to music to represent dual-task interfer -
ence. These findings have implications for patient safety
during complex obstacle-crossing scenarios that are com-
monly encountered during ac tivities of daily living. T o
this end, future gait training interventions aimed at
improving fun ctional amb ulation and reducing fall risk
among people with PD should integrate the performance
of obstacle negotiation tasks accompanied by a variety of
environmental distracters.
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