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| Background: Gait disorders are common in individuals with Parkinson’s Disease (PD) and the concurrent
performance of motor and cognitive tasks can have marked effects on gait. The Gait Pro le Score (GPS) and the Movement
Analysis Pro le (MAP) were developed in order to summarize the data of kinematics and facilitate understanding of the
results of gait analysis. Objective: To investigate the effectiveness of the GPS and MAP in the quanti cation of changes
in gait during a concurrent cognitive load while walking in adults with and withouvieihod: Fourteen patients with
idiopathic PD and nine healthy subjects participated in the study. All subjects performed single and dual walking tasks.
The GPS/MAP was computed from three-dimensional gait analysis data. Results: Differences were found between
tasks for GPS (P<0.05) and Gait Variable Score (GVS) (pelvic rotation, knee exion-extension and ankle dorsi exion-
plantar exion) (P<0.05) in the PD group. An interaction between task and group was observed for GPS (P<0.01) for the
right side (Cohen’s "d=0.99), left side (Cohen’s d=0.91), and overall (Cohen’s 'd=0.88). No interaction was observed
only for hip internal-external rotation and foot internal-external progression GVS variables in the PD group. Conclusions:
The results showed gait impairment during the dual task and suggest that GPS/MAP may be used to evaluate the effects
of concurrent cognitive load while walking in patients with PD.
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Walking is one of the tasks most affected bysigni cant and include increased disability, a greater
idiopathic Parkinson’s disease (PD). A particularrisk of falls, and a reduced quality of fife
problem is the way that the condition interferes with ~ Defective functioning of the basal ganglia results
the management of attention to stimuli when twoln increased cortical involvement in motor control
tasks are performed simultaneodsly daily living, ~2MONg individuals with PD, leading to an increase in

the environment invariably forces an individual to dif Culty managing dual tasksMoreover, the ability
.to prioritize gait and balance appropriately during

divide his or her attention among various stimuli e . . . . .

. . dual-task activities is impaired in patients with this
that occur S|multan_e_ously and often require mOtOHisease, likely due to the deterioration of executive
responses. The ability to perform such concurrenfy, qceqqes, which is correlated with increased gait
tasks is particularly limited in patients with PD, yariapility. Individuals with PD exhibit an increase
especially when one of the tasks is walking. Thisp gait variability in response to dual tasks, which
leads to the impairment of one or both tasks, with @laces increased demands on attention resddrces
negative impact on the activities of daily ifdhe The relationship between cognitive function and
potential consequences of gait impairment in PD argait impairment has received considerable attention
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in recent years. Biomechanical studies have addressétie Freezing of Gait questionnaire (FOG2@Jso
spatiotemporal gait parameters in®D but few was used. Thirty individuals were excluded due to
have focused on angular parameters. A reduction ithe following exclusion criteria: subjects with other
the angular excursion of lower limb joints has beertypes of PD, individuals with rheumatic disease,
noted in parkinsonian syndromes with the primaryand orthopaedic problems or previous orthopaedic
gait de citin PD having been described as an inabilitysurgery of the lower limbs.
to generate suf cient range of motidre The control group (CG) consisted of nine healthy
Three-dimensional gait analysis (3DGA) elderly individuals (5 female and 4 male) with a mean
measures angular changes in lower limb jointsage of 65.1 years (SD: 5.3) with no history of pre-
during locomotion. Typically, kinematic graphs are existing diseases or complaints affecting activities
generated to assess gait quality, to guide decisiortg daily living, speci cally gait; having achieved a
regarding the management of gait disorders, and tecore of 24 on the Mini-Mental State Examination.
help evaluate treatment outcomes. Although routinely All patients participated in the same physical
viewed, kinematic graphs are complex and requiréherapy program once a week. The healthy elderly
signi cant expertise to interpret and descHb®ue  did not perform physical activity. All subjects gave
to the large amount of information generated byinformed consent to perform the experimental
gait analysis, a number of indices and scores hayyocedure and the study received approval from the
been designed to condense complex kinematic datacal ethics committee Centro Universitario S&o
and provide simple, easy-to-interpret data for use ifcamilo, Sdo Paulo, SP, Brazil (protocol 93/08).
clinical practicé®.
The Gait Pro le Score (GPS) was developedto "*...ft—"%
summarize data on kinematics and to facilitate the The participants were informed regarding the
understanding of the results of gait analysis. Thejata acquisition procedures, familiarized with the
GPS can be broken down to provide the Gait Variablgjace at which data would be collected and trained
Score (GVS), based on nine kinematic varidbt® o that gait would be as normal as possible. The
establish a Movement Analysis Pro le (MAP), which participants did not use any gait-assistance devices
describes the magnitude of the deviation of those ningnd absolute silence in the laboratory was requested
variables across the gait cycle. during data acquisition so that no noises interfered
To our knowledge, no studies have previouslyyith the participant's attention during the tasks. The
employed the GPS to evaluate the effects of a duglssessments were done at the same time period and
task (concurrent cognitive load while walking) on on the same day.
adults with PD. Initially, the subjects walked barefoot at a
Thus, the aim of the present study was taomfortable speed with no other competing tasks
investigate the effectiveness of the GPS and thgsimple task) and then rested for 20 minutes. A
MAP regarding the quanti cation of changes in gaitdual task was then implemented, requiring the
during a dual task performed by healthy adults angarticipants’ attention to an activity during gait. The

individuals with Parkinson’s disease. dual task involved walking while doing a cognitive
task which consisted of a mathematical test of
+_§t decreasing consecutive subtraction. The participants

walked while performing a set of seven subtractions

out loud, starting from 508 No instructions were
fr =< < fozse given regarding the priority of one task over the other
(walking vs. cognitive task). All were instructed to

From a total of 14 individuals diagnosed with ’ )
idiopathic PD, 7 female and 7 male participated invalk on a track which was 1.5 meters wide x 6.0

the present study [mean age and standard deviatiGReters long.

(SD): 67.5 years (5.6)]. The following were the

inclusion criteria for the PD group (PDG): ability to “—<'*¥*—

walk barefoot independently without a gait-assistance An eight-camera motion analysis system (Motion
device; absence of any other neurologic disorder oAnalysis Corporation, Santa Rosa, CA, USA)
dementia, having achieved a score# @n the Mini-  (sample rate, 60 Hz and fourth-order Butterworth
Mental State Examinatiéh classi cation Stages 2 Iter with cut-off frequency of 8 Hz) was used to
and 3 on the Modi ed Hoehn and Yahr Ségland  capture the three-dimensional marker trajectories.
in the “ON” phase of the active medication cycle.A total of 23re ective markers were attached to the
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GPS/MAP in PD during cognitive load

skin of each participant at speci c anatomic points Analysis of variance (ANOVA) was used for
based on the Helen Hayes mdéeThe markers comparisons between groups. For the overall GPS
were placed on the iliac spine, thighs, lateral femoraind pelvic tilt, obliquity and rotation, a two-way
epicondyle, legs, lateral malleolus, metatarsalsANOVA was used considering group and task as

calcaneus and hallux. the factors. For the other variables, a three-way
ANOVA was used considering side, group and task
Fof "7 feece% fof fofZrece as the factors, after checking the assumptions of the

equality in error variances (Levene). Interactions
Kinematic variables for analysis were basedhetween variables were also analyzed. The existence
on the Helen Hayes biomechanical model usegf an interaction may indicate, for example, whether
in the Orthotrack 6.2 software (Motion AnaIySiS differences between groups on|y occurred on a
Corporation, Santa Rosa, CA, USA). All dataparticular side. If the F test was signi cant, multiple
obtained from the 3DGA were normalized to acomparisons were performed using the Bonferroni
percentage of the gait cycle and the angular gatest. Cohen'slwas used to measure the effect size for
values were exported as ASCII archives from théoth the CG (normal vs dual task) and PDG (normal
Orthotrack program to Microsoft Excélfor each Vs dual task) for power analysis purpé&éhe effect
group (Parkinson’s disease and control) under th&ize was classi ed as high, medium or low. Statistical
simple task and dual task conditions. A total of sixSignificance in all tests was 5% <B.05). The
gait cycles were used to obtain these values. Statistical Package for_SociaI Sciences,_ version 15,
Subsequently, the GPS scores for the PD an®@S used for the analysis (SPSS Inc., Chicago, USA).

control groups were calculated for each leg in
relation to data for normal healthy adults capturad e _— 7 —
at the movement analysis laboratory. The GPS
was based upon 15 clinically important kinematic
variables (pelvic tilt, obliquity, rotation from one
side and hip exion, abduction, internal rotation,

Table 1 displays the descriptive and demographic
characteristics at baseline for the control and PD
groups. Table 2 summarizes the results in mean and
, o X standard deviation values for all variables during
knee eX|.on, d.OI’SI exion and foot progression for normal gait and gait with dual task for both groups.
left and right sides). The GPS represented the root  gagistically signi cant differences were found

mean square difference between a particular gagetween groups for GPS and GVS variables (pelvic
trial and averaged data from individuals withouttjit pelvic obliquity, pelvic rotation, hip exion-

a gait impairmerit®. Neither the GPS nor the extension, hip internal-external rotation, knee
MAP components were normally distributed; thus,flexion-extension and ankle dorsiflexion-plantar
logarithmic transformations were performed beforeflexion). Differences were found between tasks
applying parametric statistics to the data. regarding the GPS and GVS (tilt pelvic, pelvic

Table 1. Clinical and demographic characteristics of patients in the Parkinson’s disease group (PDG; n=14) and control group (CG;
n=9) of healthy individuals.

CG PDG
Age (years) 65.11 (5.3) 67.50 (5.6)
Male/Female 4AM/5F TMITF
Height (m) 1.64 (0.05) 1.66 (0.10)
Body Mass (kg) 68.11 (10.52) 68.50 (15.16)
*Gait velocity (m/s) 1.01 (1.48) 0.95 (0.26)
Mini-Mental State Examination 28.11 (2.08) 27.64 (1.9)
Modi ed Hoehn & Yahr stage — (in each stage) - 2 (4); 2.5(8); 3(2)
Freezing of gait questionnaire - 10.7 (6.23)

Levodopa (14) / Carbidopa (14) /

Medication (number of patients) - Entacapone (2) / Bromocriptine (1)

Values expressed in mean (standard deviation); *During normal gait; (-) data not collected.

Braz J Phys Ther. 2014 July-Aug; 18(4):315-322317 ®
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Table 2. GPS/MAP during normal gait and gait with task on both sides in control group (CG) and Parkinson’s disease group (PDG).

Normal Gait Dual Task Gr%fljgc\t/ssllgaesk
GPS_Overallabtds CG 6.65 (1.28) 7.09 (1.15) -
PDG 9.17 (1.18) 10.30 (1.37) 0.88
Pelvic_ant_pstatbsds CG 5.13 (2.27) 5.25 (2.60) -
PDG 5.63 (1.93) 6.87 (1.64) 0.69
Pelvic_obliquity a5 CG 2.73 (1.09) 2.79 (1.11) -
PDG 2.87 (0.98) 3.12 (0.82) 0.30
Pelvic_rotation atot.ds cG 3.44 (1.53) 3.83(0.92) -
PDG 4.57 (1.44) 5.98 (2.88) 0.61
Right Left
Normal Gait  Dual Task Gr%ﬁg%:;%;k Normal Gait  Dual Task Gr%ﬁ2C$:$:sk
GPSattds CG 6.25(1.54) 6.56(1.31) - 6.18 (1.16) 6.62 (1.23) -
PDG 8.08 (1.61) 9.69 (1.64) 0.99 8.04 (1.21) 9.22(1.36) 0.91
Hip_ ex_ext atbsds CG 7.22(1.84) 7.43(1.62) - 6.60 (1.75)  6.90 (1.56) -
PDG 10.62 (5.36) 12.13 (4.73) 0.30 10.18 (4.01) 11.87 (4.09) 0.41
Hip_ad_abd b5 CG 5.27(2.16) 5.66(2.39) - 4.96 (1.86) 4.74 (1.72) -
PDG 4.64 (2.00) 5.98 (2.64) 0.57 5.03(2.13) 5.80 (2.83) 0.30
Hip_int_ext at CG 5.21(2.25) 5.08(0.98) 4.87 (1.14) 5.62(0.91) -
PDG 10.46 (3.45) 10.70 (3.10) ) 10.71 (2.92) 10.71 (3.36)
Knee_ ex_extarbrds CG 6.55(2.02) 7.28(2.04) - 6.46 (1.87) 7.54 (1.81) -
PDG 12.73 (4.25) 15.09 (4.10) 0.56 12.76 (3.46) 14.73 (3.59) 0.55
Ankle_Dor_planatttdt  CG  4.87 (1.14) 5.35(1.20) - 453 (1.87) 5.22(1.64) -
PDG 8.08 (2.19) 10.04 (2.17) 0.89 8.32 (2.61) 10.37 (2.55) 0.80
Foot_int_ext CG 7.86(5.05) 8.22(3.69) 6.36 (3.02)  7.96 (3.59)
PDG 8.22(3.69) 8.68 (6.21) ) 6.90 (3.50) 9.38 (4.92) '

3Mean difference between groupdean difference between taskjean difference between sidénterference effect between group and
task, interference effect between group and sitfeerference effect between task and siitgerference effect between group, task and
side. TMean difference is signi cant at the .050 level. §Mean difference is signi cant at the .001 level. Ant_post = anteversion_retroversion;
ex_ext = exion_extension; ad_abd = adduction_abduction; dor_plan = dorsi exion_plantar exion; int_ext = internal_external rotation.

obliguity, pelvic rotation, hip exion-extension, hip and overall (Cohen’s "d=0.88). The effect size for
adduction-abduction, knee exion-extension andGVS was medium in all variables (Table 2).
ankle dorsi exion-plantar exion) in PDG. When
sides were compared, differences were not found

e
(Table 2).

An interaction between task and group was The aim of the present study was to investigate the
observed in GPS and almost all GVS variableseffectiveness of the GPS/MAP component regarding
except for hip internal-external rotation and footthe quanti cation of changes in gait during dual
internal-external rotation in PDG. No interactionstasking in individuals with PD. Previous studies
between side and task or side, task and group wereport strong, signi cant correlations between the
observed. The effect size observed between the PGPS/MAP component scores and kinematic gait
group and task interaction was high for GPS: rightleviatiort®?”. However, no studies have employed
side (Cohen’s d=0.99), left side (Cohen’s d=0.91the GPS/MAP to assess the gait of individuals with

L —eec'e
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PD during a dual-task activity. The representation oflual task on gait in patients with PD, which report
angular kinematics through this score may be usefudhanges in the kinematics of the gait pati&fh?®
in interpreting the results of analyses of the main The PDG showed signi cant differences during
changes in gait in this population. gait with dual task. Gait alterations in patients with
There is a growing line of evidence showingPD and elderly individuals submitted to dual-task
that concurrent cognitive load while walking hasactivities have been described in the literature, but
signi cant rami cations on the gait of patients with no previous study has employed the GPS/MAP. The
PD. Consistent with previous studies, the resultMAP provided an overview of the gait deviation
of the present investigation demonstrated that dudfom the normal pattern, illustrating changes due to
tasking and attention in uence gait'? interference from the dual task. Gait in patients with
The PDG exhibited different movement PD is characterized by a decrease in the angular
patterns when compared to healthy individuals, asangé? Previous studies have shown that the range
demonstrated by a visual comparison of the MARof motion of the knee and ankle joint in the sagittal
in Figure 1 (A/B and C/D). When the cognitive task plane undergoes signi cant variation during the gait
was added, the PDG changed the gait pattern. Thesgcle, with a reduction in knee and ankle range of
ndings are seen in the results of the GVS (pelvicmotion during a dual tasid® Some authors report
tilt, pelvic obliquity, pelvic rotation, hip exion- that, among patients with PD on levodopa, dual tasks
extension, hip adduction-abduction, knee exion-lead to a signi cantincrease in multi-joint and multi-
extension and ankle dorsi exion-plantar exion) and, plane lower limb joint range of moti&it>
consequently, inthe GPS. The analysis of interactions Gait deficits are exacerbated during the
between factors revealed that the GPS and GVgerformance of a dual task by patients with PD, as the
variables were only different for the PD group duringneed to concentrate on both walking and a concurrent
the dual task. These results are supported by thosask exceeds the available attention resotfcks
obtained from previous studies on the effect of thd”D, the extra attention needed to perform the task or

Figure 1. Gait pro le score and movement analysis pro le in control and Parkinson’s disease groups during normal and concurrent
cognitive load. A = CG during Normal Gait; B = CG during Dual Task; C= PDG during Normal Gait; D = PDG during Dual Task.
Ant_post = anteversion_retroversion; ex_ext = exion_extension; ad_abd = adduction_abduction; dor_plan = dorsi exion_plantar exion;
int_ext = internal_external rotation.

Braz J Phys Ther. 2014 July-Aug; 18(4):315-322319 ®
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hyperstimulation provoked by unexpected stimuliimportant difference of GPS/MAP for patients with
induces a hypo-excitability that can be manifested aBD were found. There are descriptions only for
a motor block. However, during simultaneous tasksindividuals with cerebral palsy, which differs greatly
the response time to the cognitive task was reducedom the study population, make it impossible to
due to the increase in attention needed to perforrestablish any correlation.
the motor task, which resulted in the exacerbation The results of the present study have important
of gait defects during the performance of a dual tasimplications for the rehabilitation of individuals
exercise among patients with 8 with motor impairment associated with PD and

Our ndings show an increase in the GPS scoreslemonstrate that the use of dual tasks should be
(sides and overall) with a high effect size, whichincluded in rehabilitation processes. Thus, MAP can
means that, in general, the gait pattern changed durirg used to complement the traditional presentation
aconcurrent cognitive load. Based on the effect sizegf gait kinematics. Although individual terms are
the increase in the GVS scores showed that ankiselected (unlike other indexes in the literature), the
dorsi exion-plantar exion, and pelvic anteversion GPS/MAP score points to the gait in general terms
and rotation were more affected with a high effect sizand should not be used separately to interpret the
and knee exion-extension; hip exion-extension, origin of changes in gait pattern.
adduction-abduction and pelvic obliquity with a The GPS/MAP may provide a summary of gait
medium effect size in the PDG, suggesting that thelata that indicates asymmetry and the relative
dual task exerted substantial in uence on balancenagnitude of deviations from each of the typical
strategies, and might be related to the risk of falls irkinematic variables. As clinical decision making
these individuals. requires inspection of individual joint kinematics, we

Differences were found between tasks for GPSuggest that the GPS scores may re ect the clinical
and GVS in the PD group. Studies reported that whejudgment more closely than an overall gait index.
two tasks requiring a high degree of informationDespite the lack of studies, the use of GPS/MAP in
processing were performed simultaneously, theatients with PD during a cognitive task showed a
performance of one or both was diminished. Thissensitive tool to point out the main gait differences
impairment in the primary task and/or secondary tasin this population, providing simple and easy
resulted from the fact that the two tasks competethterpretation for clinical practice measures.
for similar processing demarfd$ Dual tasking has Limitations of this study include its relatively
also been used to identify the risk of falls in patientgsmall sample size and the intrinsic procedural limits
with PD due to the secondary relationship to posturadf 3DG. To minimize this, the effect size (Cohed)s
strategies stemming from the loss of attention and was presented, which varied from 0.30 to 0.99,
reduction in gait performance during a dual %k  representing values for the PDG normal gait from
The mathematical problems introduced during gaithe 62th to the 84th percentile of the PDG dual task
lead to a high degree of competition for executivefrom medium to large effect size). Further studies are
motor function, suggesting that the automaticity ofneeded to understanding this complex relationship,
the performance under the complex conditions ofvhich has implications for the rehabilitation of gait
walking is multidimensionats. among patients with PD.

There are few reports of the use of GPS/MAP in
clinical research. Some authors observed a strong |, . , |
linear correlation between the GPS and scales of ¥ + ¥ ... %*
physical function in patients with cerebral palsy.; vyogeyv-seligmann G, Hausdorff IM, Giladi N. The
Changes in GPS of 1.6° represents a uniform role of executive function and attention in gait.
change of just 1.6° across all gait parameters and Mov Disord. 2008;23:329-42. PMid:18058946
represents a mix of much larger changes in some PMCid:PMC2535903. http://dx.doi.org/10.1002/
of the constituents of the MAP with much smaller ~ Mds-21720
changes in others. Similar factors apply across thé Vc\lzrkri‘inng Lﬁ]((;jé r”(‘ji ;ﬁf;;kf’fcgri:gﬁitg‘r?salitr:eggcr’lr(‘i::(;inrg
g"?"t .CyCle Wlth substantial cha_mges at critical phases diseasge. Parkinsonism Relat Disord. 2005;11:95-
within the gait cycle often being balanced by more g “p\1i4.15734667. http://dx.doi.org/10.1016/.
modest changes at others. A minimally clinically  parkreldis.2004.09.006
important difference of 1.6° seems appropriate o,  canning cG, Ada L, Woodhouse E. Multiple-
the individual GVS in patients with cerebral pétsy task walking training in people with mild to
However, no studies about the minimal clinically = moderate Parkinson’s disease: a pilot study. Clin
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