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RESPONSIVENESS TO SENSORY CUES USING THE TIMED UP AND
GO TEST IN PATIENTS WITH PARKINSON’S DISEASE: A PROSPECTIVE
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Objective: To test the effectiveness of the Timed Up and Go
(TUG) test to define responsiveness to auditory and visual
cues in patients with Parkinson’s disease.
Methods: Consecutive patients > 50 years old were enrolled if
they were classified as stage 1–3 of the Hoehn and Yahr scale;
scored ≤ 45 on part III of the Uniﬁed Parkinson’s Disease
Rating Scale; > 23 on the Mini-Mental State Examination;
and were able to perform the TUG test without assistance.
Within-subject analysis identified positive-responders, negative-responders and non-responders. TUG times with and
without sensory cues were studied among all patients, and
among responders only using the Friedman Test.
Results: Twenty-two patients (16 men, 6 women), mean age
72.4 years (standard deviation (SD) 8.7 years) were included.
Basal mean TUG time was 12.3 (SD 4.0). TUG times after
visual cues (11.7 (SD 4.8)) were lower than in basal conditions (p = 0.006), whereas TUG times after auditory cues
were not (p > 0.05). In the 16 patients who were positive-responders, mean TUG times after visual (11.0 (SD 3.1)) and
auditory (11.3 (SD 3.6)) cues were lower than in basal conditions (12.5 (SD 3.8)) (p = 0.0002).
Conclusion: The TUG test may be used to tailor the rehabilitation programme in patients with Parkinson’s disease,
identifying those who respond to visual and auditory cueing.
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INTRODUCTION
The effects of sensory cues on the gait pattern of patients with
Parkinson’s disease (PD) were first shown by Martin (1), who
reported the usefulness of transverse lines in a contrasting
colour to that of the floor. Subsequent studies (2–8) confirmed
that, not only visual but also rhythmic, auditory stimuli have
a positive influence: the former induced improvements in gait
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velocity (4, 6) and stride length (2, 6); the latter in gait velocity,
cadence (2, 3, 5), and stride length (3).
In recent years, research has focused on the effects of sensory
cues on other functional tasks, such as standing up from a chair,
gait initiation, and turning. Bhatt et al. (9) showed that patients
with PD improved their postural stability after audio-visual
cued training, as evidenced by better control of the centre-ofmass position during the termination phase of the sit-to-stand
movement. In the same population, Jiang & Norman (10)
reported that kinematics and length of the first 2 steps of gait
were significantly improved by high-contrast transverse lines
on the floor, but not by auditory cues. Nieuwboer et al. (11)
suggested that the enhanced attention triggered by rhythmical
auditory, visual and somatosensory cueing increased the speed
of turning in freezing and non-freezing patients.
In patients with PD, however, there is considerable interindividual variability in response to different cueing modalities
(6–8). Despite the clinical relevance of the different responses
of individual patients to different sensory cues, there is little
published information on this topic.
The Timed Up and Go (TUG) test was originally developed
by Mathias et al. (12) and was subsequently modified with the
inclusion of a timed component by Podsiadlo & Richardson
(13). The TUG test displays good short-term test-retest reliability in patients affected by different pathologies (14–18);
moreover, good long-term test–retest reliability has also been
shown among community-dwelling elders (19). Morris et
al. (20) reported high test-retest reliability and high interrater agreement in patients with PD (intraclass correlation
= 0.87–0.99) in spite of significant inter-individual variability
in mobility. The TUG test may be used to evaluate the effects
of both pharmacological and rehabilitation interventions in
patients with PD. Mirelman et al. (21) reported a decrease of
11% in the time required to perform this test after a 6-week
training period with auditory feedback for improving posture
and balance; Morris et al. (20) reported a statistically significant decrease in the time required to perform this test after
L-3,4-dihydroxyphenylalanine (L-dopa) medication.
These observations suggest that, in patients with PD, the
TUG test might be used to quantify functional changes induced by sensory cues, and may be suitable to identify which
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patients respond best to certain stimuli and not to others. This
would enable clinicians to design a rehabilitation programme
with sensory cues tailored to the individual patient, not only
on walking but also on other movements, such as sit-to-stand,
gait initiation, turning and stand-to-sit.
The goal of this work is to study the effectiveness of the
TUG test as a tool to define responsiveness to auditory and
visual cues in patients with PD.
MATERIAL AND METHODS
Consecutive patients afferent to a neuro-rehabilitation clinic between
January and June 2012, were enrolled if they were older than 50 years
of age with a diagnosis of idiopathic PD. Participants were included
if they were classified as stage 1–3 of the Hoehn and Yahr (H&Y)
scale (22, 23); scored not greater than 45 on part III of the Uniﬁed
Parkinson’s Disease Rating Scale (UPDRS) (24); scored greater than
23 on the Mini-Mental State Examination (MMSE) (25), corrected for
age and education (26, 27); were able to walk unassisted for at least
10 m, and to perform the TUG test without assistance or any walking
aid. Exclusion criteria were: a diagnosis of parkinsonism; previous
rehabilitation treatment with sensory cues; concomitant severe heart
disease; severe disturbances of hearing and vision; previous or concomitant severe orthopaedic trauma or disease; and a basal TUG time
> 25 s. The latter cut-off was chosen on the basis of the hypothesis
that TUG times greater than this value are associated with a degree
of functional deterioration, which may not allow practical execution
of the test or allow an improvement with sensory cues. Case histories
were examined for reference to episodes of freezing. All patients
provided informed consent and the research protocol was approved
by the ethics review board of the University of Catania.
Design and procedures
This is a prospective cohort study designed to investigate the effects
of sensory cues on TUG time compared with no cues. Patients were
asked to refrain from taking anti-Parkinson medications on the morning
of testing (with the last medication being assumed to be ≥ 12 h previously). All evaluations were performed in the morning and completed
during a single laboratory session.
The TUG test was performed under 3 experimental conditions: without sensory cues (basal TUG); with visual cues; and with auditory cues.
A practice trial was performed before the basal TUG in all patients.
A statistician who was not involved with the study randomized the
sequence of administration of visual or auditory cues to each patient
using a random sequence of numbers generated centrally by computer.
Allocation was concealed using sealed opaque envelopes. The TUG
was performed 10 times for each of the 3 experimental conditions,
and patients rested for 5 min at the end of each of the 3 experimental
conditions.
TUG testing
A standard TUG test was performed (13, 14): the time to stand up from
a standard armchair (seat height 46 cm, arm support height 65 cm),
walk a distance of 3 m, turn, walk back to the chair, and sit down, was
measured in seconds using a stopwatch. Patients wore their regular
footwear and did not use a walking aid. No physical assistance was
given. Patients were instructed that on hearing the word “go”, they
had to get up and walk at a comfortable and safe pace to a line on the
floor, turn, return to the chair and sit down. In the visual cues condition
to emphasize the visual contrast, parallel white stripes (width 5 cm)
were placed perpendicular to a black walkway path at intervals equal
to 40% of the patient’s height (6). Patients were instructed to look at
the white stripes throughout the TUG, even during the sit-to-stand and
gait initiation and turning portions of the test, and to match their step
length to the interval between the stripes. In the auditory cues condi-
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tion, a metronome provided auditory cues at a rate 10% faster than
the patient’s cadence at a comfortable gait speed (3). The metronome
sound was amplified with speakers to allow clear identification of the
sound. Patients were instructed to match their strides with the rhythm
of the auditory cues. All sessions were recorded using a video camera
to allow an offline analysis of TUG performance.
Statistical analysis
Three analyses were conducted. On the basis of the hypothesis that individual patients respond differently to different sensory cues, repeated
measure analysis of variance was performed using, as independent
variables, auditory and visual cues, and, as dependent variable, basal
TUG time obtained in the 10 trials for each patient at baseline and after
stimulation test (data normally distributed). This allowed us to identify
positive-responders (in whom there was a significant positive effect on
performance), negative-responders (in whom there was a significant
negative effect), and non-responders (in whom there was no effect).
Post-hoc testing of the effectiveness of different sensory cues was conducted using the Newman-Keuls stepwise multiple comparisons test.
Performance in TUG time among all patients, and among responders
only was studied using the non-parametric Friedman Test, since data
were not normally distributed (Kolmogorov-Smirnov normality test).
The possibility that results were influenced by a learning effect was
studied using regression analysis.
TUG times are expressed in s, data are presented as mean and
standard deviation (SD), and the significance level for differences was
set at α ≤ 0.05. Data were analysed using SPSS software (SPSS Inc.,
Chicago, Ill. Version 16).

RESULTS
Fifty-six patients with a diagnosis of PD were treated during
the study period. Of these, 22 consecutive patients (39%, 95%
confidence interval (CI) ± 12.8) met the inclusion criteria.
Mean age was 72.4 years (SD 8.7 years) and 16 were men. The
patients’ demographics and clinical data are shown in Tables
I and II. Seven patients were classed as stage 2.0 of the H&Y
Table I. Patients’ demographics
Patients

Age, years Sex (M/F) Height, cm Weight, kg

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

70
68
76
84
79
70
79
66
63
54
80
56
83
71
78
82
79
62
79
69
66
78

M
M
M
M
F
M
M
M
F
F
M
M
M
F
M
M
M
M
M
F
F
M

173
164
172
165
153
174
174
168
155
160
165
165
160
158
152
162
170
170
170
155
160
160

98
63
106
60
65
86
80
70
60
61
75
70
60
50
60
70
90
85
59
50
60
70

M: male; F: female.
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Table II. Clinical data
Patients

H&Y stage

UPDRS Part
III score

Time from
onset (years)

MMSE score

History freezing

L-dopa
(mg)

Main AP drug

Status

2
8
6
7
10
11
16
18
20
22
4
9
17
1
3
5
14
21
12
13
15
19

2.5
2
2.5
2.5
2
2.5
2
2.5
2.5
2
2
2
2.5
2.5
3
3
2.5
2.5
3
3
2.5
2

28
30
40
34
28
30
36
30
37
25
27
30
29
37
42
42
40
32
40
37
37
32

2
2
6
5
6
1
6
2
18
1
1
2
6
7
19
10
5
4
9
1
5
5

26.2
30
27
24
30
30
24
30
30
30
23.1
30
28
28.9
25
25
27.3
30
26.9
27.1
23.7
28.9

Yes
Yes
Yes
No
No
No
No
No
Yes
No
Yes
No
No
No
Yes
No
Yes
No
No
Yes
No
No

275
−
375
−
−
−
−
−
375
−
−
250
−
600
850
−
525
−
125
375
375
887.5

−
Pramipexole
−
Rotigotine
Pramipexole
Rotigotine
Rotigotine
Selegiline
Pramipexole
Rotigotine
Rotigotine
Rasagiline
Ropinirole
−
Rotigotine
Rotigotine
Ropinirole
−
−
Rotigotine
Pramipexole
−

NR
NR
R
R
R
R
R
R
R
R
R
R
R-A
R-V
R-V
R-V
R-V
R-V
WR
WR
WR-A
WR-A

H&Y: Hoehn & Yahr; UPDRS: Unified Parkinson’s Disease Rating Scale; MMSE: Mini-Mental State Examination; M: male; F: female; L-dopa:
L-3,4-dihydroxyphenylalanine/carbidopa or benserazide; AP: dopaminergic anti-parkinsonian drugs; R: positive-responder to auditory and visual
cues; R-V: positive-responder to visual cues only; R-A: positive-responder to auditory cues only; WR: negative-responder to auditory and visual cues;
WR-A: negative-responder to auditory cues only; NR: non-responder.

scale, 11 stage 2.5, and 4 stage 3.0. All but 1 received pharmacological treatment with L-dopa and/or dopaminergic agents
at home. On the day of testing, however, the entire population
had been off medications for at least 12 h.
The mean basal TUG time for the entire population was 12.3
s (SD 4.0). TUG times after visual cues (11.7 s (SD 4.8)) were
significantly lower than those recorded in basal conditions
(p = 0.006); whereas there was no statistical difference between
TUG times after auditory cues and basal condition (p > 0.05).

Regression analysis of the results of the 10 trials conducted
in the 3 different experimental conditions (basal, visual, auditory) did not show a significant learning effect with each trial
performed (basal : r2 0.002, Y = –0.06*X + 12.60, p = 0.51; visual:
r2 0.0001, Y = –0.02 * X + 11.80, p = 0.86; auditory: r2 0.0001,
Y = –0.01*X + 12.30, p = 0.91).
Table III shows the results of the TUG test in the 16 patients
(72.7%) who were classified as positive-responders: 10 responded to visual and auditory cues, and 6 to 1 of these only (5 to

Table III. Values in the Timed Up and Go test for patients who are positive responders to both cues or auditory/visual only
Patients

Status

Basal TUG, s
Mean (SD)

Visually cued TUG, s
Mean (SD)

Auditory cued TUG, s
Mean (SD)

4
6
7
9
10
11
16
18
20
22
1
3
5
14
21
17

R
R
R
R
R
R
R
R
R
R
R-V
R-V
R-V
R-V
R-V
R-A

9.4 (0.9)
14.6 (2.6)
9.6 (0.4)
9.6 (0.5)
10.2 (0.6)
11.7 (0.6)
14.1 (1.2)
9.4 (0.4)
12.0 (1.3)
11.1 (1.4)
12.5 (1.4)
24.8 (3.6)
10.6 (0.8)
11.3 (1.2)
14.5 (0.6)
15.0 (0.7)

8.7 (0.7)*
11.7 (1.1)**
8.8 (0.7)**
8.4 (0.6)***
9.0 (0.6)***
11.0 (0.40)**
11.3 (0.7)***
8.3 (0.4)***
11.1 (0.9)**
9.4 (0.4)***
11.3 (0.5)**
20.6 (1.8)**
9.6 (0.3)*
10.2 (0.8)*
12.0 (0.5)***
15.0 (1.1)

7.3 (0.3)***
11.8 (1.15)**
8.4 (0.52)***
8.9 (0.2)**
9.2 (0.8)**
10.6 (0.49)***
10.3 (1.1)***
8.5 (0.2)***
11.4 (0.6)*
9.0 (0.4)***
12.9 (0.4)
22.5 (2.1)
10.1 (1.3)
11.5 (0.6)
14.1 (1.2)
13.8 (0.8)**

*p < 0.05; **p < 0.01; ***p < 0.001 (Newman-Keuls Multiple Comparison Test). TUG: Timed Up and Go test; R: positive-responder to auditory and
visual cues; R-V: positive-responder to visual cues only; R-A: positive-responder to auditory cues only; SD: standard deviation.
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Table IV. Timed Up and Go test times in negative-responders to visual
and auditory cues
Basal TUG (s)
Mean (SD)

Patients

Status

12
13
15
19

WR
8.7 (0.5)
WR
16.6 (1.5)
WR-A 19.2 (1.2)
WR-A 8.4 (0.5)

Visually cued
TUG (s)
Mean (SD)

Auditory cued
TUG (s)
Mean (SD)

10.4 (0.5)***
26.9 (3.2)***
20.1 (1.2)
8.2 (0.5)

9.9 (0.5)***
27.6 (3.2)***
23.4 (1.0)***
10.4 (0.2)***

*p < 0.05; **p < 0.01; ***p < 0.001 (Newman-Keuls Multiple Comparison
Test). WR: negative-responder to auditory and visual cues; WR-A:
negative responder to auditory cues only; SD: standard deviation; TUG:
Timed Up and Go test.

visual and 1 to auditory cues). The majority of positive responders were stage 2.0 or 2.5 on the H&Y scale, and 2 were stage 3
(Table II). In positive responders, mean TUG times after both
visual (11.0 (SD 3.1)) and auditory (11.3 (SD 3.6)) cues were
significantly lower than those in basal condition (12.5 (SD 3.8))
(p = 0.0002). Tables IV and V show the results for the 4 negative
responders and the 2 non-responders, respectively. The former
were classed as stage 2–3 of H&Y, and the latter stage 2.0–2.5.
DISCUSSION
The results of this study suggest that there is a wide spectrum of
responsiveness to sensory cues in patients with PD, and that the
TUG test may be used to identify those who might respond to
visual or auditory cues, or both, or none. Overall, 6 patients (27%,
95% CI 9–46%) were non-responders or negative responders: 18%
(95% CI 2–35%) non-responders and 9% (95% CI 0–21%) negative responders. Among the 16 responders, 63% (95% CI 39–87%)
were responders to both auditory and visual stimuli, 31% (95%
CI 8–57%) to visual stimuli only, and 6% (95% CI –6–18%) to
auditory stimuli only. When responders were studied, auditory
and visual stimuli were both effective in improving the TUG time.
In previous studies the responsiveness to sensory cues in
patients with PD has been evaluated during tests such as
walking in a gait laboratory (3, 4, 7, 8), dual-motor task (28),
seat to stand task (9), gait initiation (10), or functional turning
(11). We chose to investigate responsiveness to sensory cues
with the TUG test, because it requires a sequence of complex
movements that are functionally related to activities performed
in daily life. Moreover, the test appears to have good reliability,
validity and responsiveness to change (14–21).
Table V. Timed Up and Go (TUG) test times in non-responders

Patients

Status

Basal TUG (s)
Mean (SD)

2
8

NR
NR

8.5 (0.5)
7.5 (0.8)

Visually cued
TUG (s)
Mean (SD)

Auditory cued
TUG (s)
Mean (SD)

8.0 (0.6)
7.5 (0.8)

8.2 (0.5)
8.0 (0.5)

*p < 0.05; **p < 0.01 (Newman-Keuls Multiple Comparison Test).
NR: non-responder; SD: standard deviation.
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The inter-individual variability in response to different cueing in patients with PD is documented in the literature. In one
study, 7 patients with PD (54%, 95% CI 27–81%) showed strong
responses to visual cues, with significant changes in spatialtemporal parameters (stride length, velocity, and duration of
swing phase) and kinematics (hip flexion and knee extension),
but the remaining 6 patients (46%, 95% CI 19–73%) did not
(7). Azulay et al. (8) showed that 50% (95% CI 26–75%) of
patients with PD displayed an increase in velocity greater than
10% when exposed to strip lines and normal light. In addition,
Richards et al. (6) demonstrated that the activation pattern of the
tibialis anterior muscle in the first portion (0–16%) of the gait
cycle was markedly modified by sensory cues in only 7 patients
with PD (46%, 95% CI 21–71%), and that some of them were
responsive only to one modality of sensory stimulation (auditory
or visual), whereas others were responsive to both (6).
Whether sensory cueing tests should be performed with or
without specific pharmacological treatment for PD is a matter
of debate. On the basis of the observation that sensory cues are a
powerful means of circumventing dopamine deficits in PD (29),
we chose to evaluate patients who were off medications for at
least 12 h to test the effect of sensory cues on dopaminergic and
non-dopaminergic cerebral pathways without or with a lower
interference of dopaminergic medications. We also choose the
cut-off of 12 h because a longer period of discontinuation was
clinically impractical. In his classic paper Martin (1), showed a
qualitative improvement in walking with visual cueing without
pharmacological treatment. Forssberg et al. (30) were the first
to perform gait analyses and to quantitate walking improvement with “visual guidance” in patients who were off L-dopa.
Richards et al. (6) have shown that the effects of visual and
auditory cues on stride length, velocity and stance in patients
with PD were only evident when off L-dopa. In the same line
of evidence, Azulay et al. (7) showed that, when on L-dopa,
the visual cues did not significantly modify spatio-temporal or
kinematic parameters in their group of 13 patients with PD or
in 7 patients who were responders to visual cues. On the other
hand, Lewis et al. (4) showed that, when on L-dopa, visual cues
were significantly effective in reducing gait velocity and stride
length of 24% and 23%, respectively. Moreover, Rochester et
al. (31) have shown that auditory cues were significantly effective, both when off or on L-dopa, on stride time, walking speed,
double-limb support duration and stride fluctuations. Interestingly, these authors (31) suggest that external cues could have
a selective role in targeting non-dopaminergic gait dysfunction
with the potential to increase mobility and reduce gait instability.
The inference that may be drawn from our work is strengthened by several characteristics: (i) this is a prospective cohort
study of consecutive patients with PD at stage 2–3 on the H&Y
scale, who were off medication for 12 h before the test. This
allowed us to reduce the effect of medications on the possible
dopaminergic and non-dopaminergic pathways triggered by
sensory or auditory stimuli; (ii) the TUG test was repeated
10 times for each of the 3 experimental conditions to reduce
random error and to explore the possible influence of a learning
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effect on overall results; (iii) we demonstrated that a learning
effect did not influence the results through repetition of the
test in each of the 3 experimental conditions; (iv) we have
designed the study and analysed the results (within-subject
analysis) to investigate the responsiveness to sensory cues of
individual patients, which allowed us to identify responders,
non-responders and negative responders; (v) the sequence of
sensory cues (auditory or visual) administered to patients was
randomized to reduce selection bias concerning evaluators, and
attention bias pertaining to patients; (vi) there is convergence
of evidence with data reported in the literature.
Limitations of this work include the fact that it is not a
randomized control trial; the sample size is relatively small,
and patients are derived from a tertiary referral centre. Results therefore cannot be generalized to the entire population
of patients with PD, but they support the hypothesis that the
administration of stimuli in a rehabilitation programme for
patients with PD may need to be tailored to the specific individual rather than designed in a standard fashion.
Our observations may have strong clinical implications
from a rehabilitation standpoint. The TUG test might be used
to select those patients who benefit from a rehabilitation
programme, which includes visual or auditory stimuli, and
to exclude non-responders or negative-responders, in whom
the intervention may be useless or even potentially harmful.
Moreover, our results provide suggestions for future research,
not only to confirm them, but also to test other hypotheses, as
follows: (i) responders to sensory cues who are already under
treatment with long-acting dopaminergic agents might best be
treated with a training strategy with sensory cues with the aim
of stimulating non-dopaminergic pathways and optimizing the
stimulation of dopaminergic one; (ii) responders, who are off
L-dopa might be treated with a training strategy with sensory
cues before placing them on pharmacological treatment with
L-dopa. According to previous observation this approach might
reduce gait instability (30) by preferentially activating nondopaminergic pathways; (iii) negative responders, who are off
L-dopa, might be re-tested with TUG when on L-dopa and, if
they become responders, trained with sensory cues while on
pharmacological treatment to reduce the risk of falls.
In conclusion, this study suggests that the TUG test may be
used to tailor the rehabilitation programme in patients with
PD, identifying those who may respond to visual and auditory
cueing. Moreover, further studies are necessary to define how
to use the results of the TUG test in patients who are on or off
medication, to optimize the stimulation of dopaminergic and
non-dopaminergic pathways in these patients.
ACKNOWLEDGEMENTS
The authors would like to thank Professor Claudio Cinà, for insightful
comments on previous versions of this manuscript.

J Rehabil Med 47

REFERENCES
1. Martin JP. Locomotion and the basal ganglia. In: Martin JP, editor. The basal ganglia and posture. Philadelphia JB: Lippincott &
Co.; 1967, p. 33–35.
2. Suteerawattananon M, Morris GS, Etnyre BR, Jankovic J, Protas
EJ. Effects of visual and auditory cues on gait in individuals with
Parkinson’s disease. J Neurol Sci 2004; 219: 63–69.
3. McIntosh GC, Brown SH, Rice RR, Thaut MH. Rhythmic auditorymotor facilitation of gait patterns in patients with Parkinson’s
disease. J Neurol Neurosurg Psychiatry 1997; 62: 22–26.
4. Lewis GN, Byblow WD, Walt SE. Stride length regulation in
Parkinson’s disease: the use of extrinsic, visual cues. Brain 2000;
123: 2077–2090.
5. Thaut MH, McIntosh GC, Rice RR, Miller RA, Rathbun J, Brault
JM. Rhythmic auditory stimulation in gait training for Parkinson’s
disease patients. Mov Disord 1996; 11: 193–200.
6. Richards CL, Malouin F, Bedard PJ, Cioni M. Changes induced
by L-DOPA and sensory cues on the gait of parkinsonian patients
In: Woollacott M, Horak F, editors. Posture and gait: control
mechanisms. XIth International Symposium of the Society for
Postural and Gait Research, Portland, May 24-27, 1992. University
of Oregon Books; 1992, p. 126–129.
7. Azulay JP, Van den Brand K, Mestre D, Blin O, Sangla I, Pouget J.
Analyse cinematique de la marche du parkinsonien: effet de la levodopa et de stimulations visuelles. Rev Neurol 1996; 2: 128–134.
8. Azulay JP, Mesure S, Amblard B, Blin O, Sangla I, Pouget J.
Visual control of locomotion in Parkinson’s disease. Brain 1999;
122: 111–120.
9. Bhatt T, Yang F, Mak MKY, Hui-Chan CW-Y, Pai Y-C. Effect of externally cued training on dynamic stability control during the sit-to-stand
task in people with Parkinson disease. Phys Ther 2013; 93: 492–503.
10. Jiang Y, Norman KE. Effects of visual and auditory cues on gait initiation in people with Parkinson’s disease. Clin Rehabil 2006; 20: 36–45.
11. Nieuwboer A, Baker K, Willems AM, Jones D, Spildooren J, Lim
I, et al. The short-term effects of different cueing modalities on
turn speed in people with Parkinson’s disease. Neurorehabil Neural
Repair 2009; 23: 831–836.
12. Mathias S, Nayak US, Isaacs B. Balance in the elderly patients: the
“Get-Up and Go” Test. Arch Phys Med Rehabil 1986; 67: 387–389.
13. Podsiadlo D, Richardson S. The timed “Up & Go”: a test of basic
functional mobility for frail elderly persons. J Am Geriatr Soc
1991; 39: 142–148.
14. Arnadottir SA, Mercer VS. Effects of footwear on measurements
of balance and gait in women between the ages of 65 and 93 years.
Phys Ther 2000; 80: 17–27.
15. Hughes C, Osman C, Woods AK. Relationship among performance
on stair ambulation, Functional Reach, and Timed Up and Go tests
in older adults. Issues Aging 1998; 21: 18–22.
16. Simmonds MJ, Olson SL, Jones S, Hussein T, Lee CE, Novy D,
Radwan H. Psychometric characteristics and clinical usefulness of
physical performance tests in patients with low back pain. Spine
1998; 23: 2412–2421.
17. Thomas VS, Hageman PA. A preliminary study on the reliability
of physical performance measures in older day-care center clients
with dementia. Int Psychogeriatr 2000; 14: 17–23.
18. Van Hedel HJ, Wirz M, Dietz V. Assessing walking ability in subjects with spinal cord injury: validity and reliability of 3 walking
tests. Arch Phys Med Rehabil 2005; 86: 190–196.
19. Bohannon RW, Schaubert K. Long-term reliability of the Timed
Up-and-Go Test among community-dwelling elders. J Phys Ther
Sci 2005; 17: 93–96.
20. Morris S, Morris ME, Iansek R. Reliability of measurements ob-

Timed Up and Go and sensory cues in Parkinson’s disease

21.
22.
23.

24.

25.
26.

tained with the Timed “Up & Go” test in people with Parkinson
disease. Phys Ther 2001; 81: 810–818.
Mirelman A, Herman T, Nicolai S, Zijstra A, Becker C, Chiari
L, et al. Audio-biofeedback training for posture and balance in
patients with Parkinson’s disease J Neuroeng Rehabil 2011; 8: 35.
Hoehn MM, Yahr MD Parkinsonism: onset, progression and mortality. Neurology 1967; 17: 427–442.
Goetz CG, Poewe W, Rascol O, Sampaio C, Stebbins GT, Counsell C, et al. Movement Disorder Society Task Force Report on
the Hoehn and Yahr Staging Scale: status and recommendations.
The Movement Disorder Society Task Force on Rating Scales for
Parkinson’s Disease. Mov Disord 2004; 19: 1020–1028.
Fahn S, Elton RL, & Members of the UPDRS Development Committee. Unified Parkinson’s Disease Rating Scale. Recent development in Parkinson’s disease. Newark, NJ: Macmillan Healthcare;
1987; p. 153–164.
Folstein MF, Folstein SE, McHugh PR. A practical method for
grading the cognitive state of patients for the clinical. J Psychiatric
Res 1975; 12: 189–198.
Crum RM, Anthony JC, Bassett SS, Folstein MF. Populationbased norms for the Mini-Mental State Examination by age and

829

educational level. JAMA 1993; 269: 2386–2391.
27. Magni E, Binetti G, Bianchetti A, Rozzini R, Trabucchi M. MiniMental State Examination: a normative study in Italian elderly
population. Eur J Neurol 1996; 3: 198–202.
28. Rochester L, Hetherington V, Jones D, Nieuwboer A, Willems AM,
Kwakkel, Van Wegen E. (2005) The effects of external rhythmic
cues (auditory and visual) on walking during a functional task in
homes of people with Parkinson’s disease. Arch Phys Med Rehabil
86: 999–1006.
29. Rubinstein TC, Giladi N, Hausdorff JM. The power of cueing
to circumvent dopamine deficits: a review of physical therapy
treatment of gait disturbances in Parkinson’s disease. Mov Disord
2002; 17: 1148–1160.
30. Forssberg H, Johnels B, Steg G. Is parkinsonian gait caused by a
regression to an immature walking pattern? In: Hassler RG, Christ
JF, editors. Advances in neurology. New York: Raven Press; 1984,
p. 375–379.
31. Rochester L, Baker K, Nieuwboer A, Bum D. Targeting dopasensitive and dopa-resistant gait dysfunction in Parkinson’s
disease: selective responses to internal and external cues. Mov
Disord 2011; 26: 430–435.

J Rehabil Med 47

