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Abstract

The aim of this study was to assess reliability, responsiveness and feasibility of gait and gait related tests in the home of patients with

Parkinson’s disease (PD). The Unified Parkinson’s Disease Rating Scale, a timed walking test, the Timed Get Up and Go test the Berg

Balance Scale and the Functional Reach test were applied by three independent observers on 26 PD patients. Moderate to high Intraclass

Correlation Coefficients were found, ranging from 0.74 to 0.88 and 0.64 to 0.87 for the intra- and inter-observer reliability, respectively. All

test showed Reliable Change Indexes under 11% and the whole test battery was applicable within 30 min.

q 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Parkinson’s disease (PD) is a chronic, progressive

disorder characterized by movement-related symptoms

such as bradykinesia, tremor, rigidity, freezing and festina-

tion. Consequently patients experience problems in gait and

in gait- related activities such as balance control and

transfers [1]. The consensus view is that if one wants to

build an overall picture of the gait-related problems that

patients with PD experience on a daily basis, a range of

measurements should be used [2–5] and therefore, a

comprehensive battery of tests is needed. Such a test battery

should include measures that reflect the ‘domain of

activities’ according to the International Classification of

Functioning, Disability and Health (ICF) [6]. The selection

of tests should be based on methodological considerations

regarding reliability and validity.

Performance tests to assess gait-related functioning in

PD recommended in the literature include: the Unified
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Parkinson’s Disease Rating Scale—motor examination

section (UPDRS-III) [7,8], the Timed Get Up and Go test

(TGUG) [9], the Berg Balance Scale (BBS) [10], the

Functional Reach test (Fr) [10] and timed walking tests

[11,12]. The full UPDRS is recommended to assess

disease severity [2,3,13–15]. It has been suggested that

patients with PD should preferably be treated and tested in

their own home situation [16,17]. However, the reliability

of these tests aimed at assessing gait and balance control

has never been established in the patients’ own home

situation, where the circumstances are less optimal for

standardization compared to a clinical setting. Therefore,

the aim of the present study was to assess the

reproducibility, responsiveness and feasibility of perform-

ance tests used to measure gait and gait-related problems

in the patients’ own home environment. A gait-related test

battery was compiled for patients with PD in collaboration

with three different countries within Europe. This test

battery will be used in a large randomised multicenter

trial (RCT) aimed at investigating the effects of cueing

strategies on gait and gait-related activities in the patients’

own home situation [18].
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2. Methods

2.1. Patient selection

Twenty-six subjects (15 male, 11 female) with a

diagnosis of idiopathic PD were included in the study.

The average age was 62.5 years (range 44–80 years) and

average duration of symptoms was 6.5 years (range 1–20

years). Inclusion criteria were: (1) a Hoehn and Yahr [19]

stage ranging from 1 to 3; (2) a stable medication regime;

(3) ability to walk independently without a walking device;

(4) absence of co-morbidity that may influence mobility; (5)

an age under 80 years; (5) sufficient orientation in time and

place (Mini Mental State Examination, MMSE, Z24 [20])

and (6) completion of an informed consent for participation.

All PD-patients were recruited from the VU University

Medical Center (VUmc) and lived in a geographically

defined district around Amsterdam. The study was approved

by the ethics committee of the VUmc.

2.2. Measurements

The test battery was compiled to assess severity of PD

and gait-related functioning. The test battery consisted of

the UPDRS, including the motor examination section

(UPDRS III) [2], the TGUG test [21], the timed 10 m

walk test (10mw), the BBS [22] and the Fr test [23]. In order

to obtain uniformity of assessment practical guidelines were

developed which included instructions on how to deal with

specific difficulties inherent to testing in patients’ homes,

such as lack of space and obstacles that could impede proper

gait and balance assessment.

2.3. Observers

Three physiotherapists were employed to perform the

assessments. Prior to testing, the observers were trained to

apply the test battery in a uniform way in three healthy

subjects and one patient with PD. In addition, they

were instructed on how to use the practical guidelines.

The training of the three observers was conducted by

two coaches (i.e. a physiotherapist (CG) and a human

movement scientist (EW)) who were experienced in clinical

research in PD.

2.4. Design

Patients were assessed by the three independent obser-

vers during two consecutive visits to the patients’ home. All

subjects were visited at approximately the same time of the

day (maximum difference in time was about 1 h) to

minimize existing circadian fluctuations. All patients were

measured in the ‘on-phase’ about 1 h after medication

intake. Before assessment, randomisation was applied for

the sequence of the tests as well as for the sequence in which

the three observers assessed the patient.
2.5. Data analysis and statistics

The inter-observer reliability for the three observers was

calculated using Intraclass Correlation Coefficients (ICC)

using a two-way random effects model with an absolute

agreement definition [24]. Similarly, the intra-observer

reliability for one of the three assessors was determined by

applying a two-way mixed effects model for absolute

agreement [24] and by using the Bland and Altman method

[25]. ICC’s were preferred because this statistic is able to deal

with dichotomous outcomes, corrects for systematic errors

and can be used for more than two observers [24]. The use of

ICC’s and Bland and Altman method gives complementary

information as shown by Rankin and Stokes [26]. For the

Bland and Altman method the ‘limits of agreement’ were

computed, defined as G1.96!standard deviation of

the difference score. Assuming a normal distribution of the

found differences, only 95% of the differences between two

measurements per individual in a stable population will be

between the limits of agreement [25].

The responsiveness of the tests was determined using the

Smallest Detectable Difference (SDD), the SDD was

calculated on the basis of the standard error of measurement

[27] (see Eq. (1)), assuming that the measurement errors

were constant across the range of possible scores [28].

SDD Z SEM!1:96!
ffiffiffi

2
p

(1)

where SDD is smallest detectable difference, and SEM,

standard error of measurement.

In order to allow comparison of responsiveness between

the tests, the Reliable Change Index (RCI) was determined for

each measurement by calculating the SDD as the percentage

ofthemaximalfeasiblescore.Eachhypothesiswastestedwith

a two-tailed analysis with 0.05 as the level of significance.

Feasibility was determined by measuring the time needed

to apply the whole test battery, including the time needed to

adapt the home environment for assessments (e.g. moving

furniture).
3. Results

The patients in this study had a H-Y- score ranging from 1

to 3 patient characteristics are shown in Table 1. The

duration of the first visit was approximately 45 min, whereas

the duration of the second visit ranged from 30 to 35 min.

The median number of days between two test sessions of the

same observer was 7 (inter quartile range 3 days).
3.1. Inter- and intra-observer reliability

Table 2 shows the reliability between and within

observers. ICC’s for inter- observer reliability ranged

from 0.64 for the Fr test to 0.87 for the mean walking

speed in the 10 m walk test. ICC’s for intra- observer



Table 1

Patient characteristics

Variable Mean (SD) Range

Age (years)a 62.5 (8.2) 44–80

Disease Duration (years)a 6.5 (4.2) 1–20

Gender (M/F)b 15/11

Medicationb

None 4

Levodopa (in combination with

benzeraside or carbidopa)

14

Dopamine agonists 18

Selegiline 4

Parasympathicoliticum 1

Other 2 (amantadine)

Partner (Y/N) 21/5

modified H–Y-stageb

Stage 1 9

Stage 1.5 4

Stage 2 8

Stage 2.5 3

Stage 3 1

Stage 4 0

Stage 5 0

Fallersb,c 7

Freezersb,d 16

UPDRS-scorea 41.19 (44.15) 15–71

UPDRS IIIa 23.27 (9.64) 8–39

Retropulsion test scorea,e

0Znormal 22

1Zretropulsion, but recovers unaided 2

2Zabsence of postural response;

would fall if not caught by examiner

2

3Zvery unstable, tends to lose

balance spontaneously

0

4Zunable to stand without assistance 0

BBS-scorea 53.77 (1.99) 46–56

Functional Reacha (cm) 33.54 (7.36) 22–50

PGa 2.15 (2.15) 0–9

a Mean, SD standard deviation (between brackets).
b Number of patients.
c Posture and Gait, item 1: score R1.
d Freezing of Gait Questionnaire, item 3: score R2.
e UPDRS, item 30, M, male; F, female; Y, yes; N, no; H–Y, Hoehn and

Yahr Scale.

Table 2

Intraclass correlation coefficients for inter-observer reliability and intra-

observer reliability, smallest detectable difference and reliable change

index (NZ26)

Test Inter

observer

reliability

Intra

observer

reliability

SDD RCI (%)

UPDRS 0.78* 0.84* 15 10

UPDRS-III 0.68* 0.74* 13 11

TGUG (s) 0.85* 0.88* 1.63

10 m walk testa

walking speed

(m/s)

0.87* 0.81* 0.19

step frequency

(steps/min)

0.80* 0.88* 13

BBS 0.74* 0.87* 2.84 5

Fr (cm) 0.64* 0.74* 11.5

SDD, Smallest detectable difference; RCI, Reliable change index; UPDRS,

Unified Parkinson Disease Ratio Scale; III, motor examination section;

TGUG, Timed Get Up and Go; PG, Posture and Gait Score; BBS, Berg

Balance Scale; Fr, Functional Reach. *p!0.01.
a The 10 m walk test was performed at comfortable walking speed.
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reliability ranged from 0.74 for the UPDRS-III and the Fr

test to 0.88 for the step frequency on the timed 10 m walk

test (Table 2). Bland Altman plots are displayed in Fig. 1,

with the dashed and bold line representing the mean

difference score between the two assessments and the two

dashed lines are representing the limits of agreement. The

analysis showed homogenous distribution of differences for

all tests. No significant systematic differences (p!0.5) are

found between the test and retest, except for the step

frequency in the 10 m walk test. A mean systematic

difference of 2.32 steps/min was observed (pZ0.03).
3.2. Responsiveness

Table 2 illustrates the SDDs for the five performance

tests. Responsiveness ranged from three points on the BBS
to 13 points on the UPDRS-III, reflecting a RCI of 5% for

the BBS up to 11% for the UPDRS-III (Table 2).

3.3. Feasibility

The duration of applying the test battery ranged from 20

to 30 min at the first assessment, whereas the duration of the

second assessment ranged from 20 to 25 min.
4. Discussion

In the present study, tests were evaluated in terms of

reliability and responsiveness by three independent obser-

vers in the home environment of PD patients. In general the

test battery shows moderate to excellent inter-observer

reliability (ICCZ0.64–0.87), and moderate to excellent

intra-observer reliability (ICCZ0.74–0.88) according to the

classification of ICC’s of Fleiss [29]. Good reliability was

obtained regardless of the fact that the tests could not be

completely standardised, due to the different interiors of the

subjects homes. Interestingly, despite the lack of observer

experience with using the test battery in PD patients, inter

and intra-observer reliability was moderate to excellent.

These findings underpin the robustness of the tests included

in this battery. In addition, the average time needed to apply

the whole test battery was about 25 min, ensuring its

feasibility.

Our findings on reliability are comparable with the

literature with respect to tests such as the UPDRS [7,13,15],

TGUG [9], 10 m walk test [11,12]. For the Fr test a higher

ICC for intra-observer reliability was observed (ICCZ0.64)

compared to the ICC (0.42) found by Smithson et al. [10] for

PD patients without a history of falls. The ICC found by



Fig. 1. Agreement of the 5 tests: graphic representation according to the Bland and Altman technique. UPDRS, Unified Parkinson Disease Ratio Scale; III,

motor examination section. Dashed bold lines represent the mean difference score, dashed lines represent the limits of agreement, defined as the meanG1.96!

the standard deviation of the difference score

L.I.I.K. Lim et al. / Parkinsonism and Related Disorders 11 (2005) 19–2422
Smithson et al. [10] for PD patients with a history of falls

was higher (ICCZ0.93) compared to the ICC found for

non-fallers [10]. Although no explanation is given by

Smithson and colleagues, differences in ICC’s may be due

to the larger between-subject variability in executing the Fr

test in the population of fallers when compared to non-

fallers. The PD patients in the current study were non-fallers

(nZ19) and fallers (nZ7) which might have influenced the

intra-observer reliability.

Due to the lack of consensus regarding methods of

measuring responsiveness in the literature [30–32], SDDs in

this study cannot directly be compared with earlier reported

SDDs for the tests used in the current study. In most studies

responsiveness was defined as the average changes in scores

relative to baseline in self-rated clinically stable and

improved patients [2,33]. Two studies were found that

applied the same method for determining responsiveness on

some of the tests used in the present study [34,35]. In these
studies where the BBS and the timed 10 m walk test were

applied, the SDDs for both tests were 6 points [34] and

0,16 m/s [35], respectively. However these tests were

investigated in patients with stroke and therefore difficult

to generalize to the PD patients in the present study.

Unfortunately, general accepted criteria to judge the

responsiveness of these tests do not exist. Therefore, in

order to interpret the calculated scores, we compared the

RCI’s with each other. All RCI’s were 11% or less, which is

in our opinion acceptable for clinical use. In particular,

realizing that assessments in patients own home environment

is accompanied with a decreased ability to standardize the

execution of measurements and with that higher error rates.

A limitation of the present study was that only

subjects with mild to moderate disease severity were

included (H and Y score ranging from 1 to 3). The

battery was composed for those who were independent in

ADL and were able to perform the tests without the use
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of a walking aid. This limits the generalisation of present

findings to the population of PD patients in general. In

addition, all patients were tested in the on-phase and

each patient was assessed at approximately the same time

of the day, however, differences in time of assessment

relative to moment of medication intake could have

influenced the present findings.
5. Conclusion

The test battery was shown to have moderate to excellent

reliability, despite limited clinical experience of the

observers in assessing PD patients. Agreement on practical

guidelines is necessary to standardize assessments as much

as possible under less optimal circumstances, such as the

home situation.

Since there appears to be a lack of consensus on how to

quantify responsiveness [32], strict comparison with the

literature is difficult. However, the results from the current

study can be applied as indicators for an approximate

threshold in the utility of the tests as outcome measures in a

larger clinical trial.
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