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Abstract: Gait disturbances are among the primary symptoms
of Parkinson’s disease (PD) and contribute significantly to a
patient’s loss of function and independence. Standard treatment
includes antiparkinsonian drugs, primarily levodopa. In addition to the standard drug regime, physical therapy is often
prescribed to help manage the disease. In recent years, there
have been promising reports of physical therapy programs
combined with various types of sensory cueing for PD. In this
brief review of the literature, we summarize the evidence regarding the clinical efficacy of different physical therapy programs for PD, specifically with respect to improving gait. We

also discuss the potential therapeutic mechanisms of sensory
cueing and review the studies that have used cueing in the
treatment of gait in PD. This review of the literature shows two
key findings: (1) despite its relatively long history, the evidence
supporting the efficacy of conventional physical therapy for
treatment of gait in PD is not strong; and (2) although further
investigation is needed, sensory cueing appears to be a powerful means of improving gait in PD. © 2002 Movement Disorder
Society
Key words: Parkinson’s disease; review; gait; physical
therapy; exercise; sensory cues; visual cueing; auditory cueing

Ever since James Parkinson first described Parkinson’s disease (PD) in 1817, physicians and researchers
have been searching for effective treatment options. Before the introduction of levodopa in the late 1960s, physical therapy was widely considered to be a critical component in the treatment of PD. By the early 1970s, levodopa had become widely available and many believed it
to be a cure for PD. This led to a decreased interest in
alternative treatments, such as physical therapy. Within a
few years, however, it became apparent that levodopa’s
efficacy does not last indefinitely, and that with extended

use it can cause side effects that may even surpass the
original parkinsonian symptoms. As science continues to
search for a lasting cure for PD, there has been a renewed
interest in nonpharmacological treatment options as adjuncts to drug therapy.
Functional neurosurgery, including pallidotomy and
deep brain stimulation, shows much promise for extended relief of certain parkinsonian symptoms. Presently, however, these invasive techniques are expensive,
carry a certain degree of risk, and are generally recommended only for a small subset of patients as a last resort,
when all other treatment options have failed. Furthermore, although initial results are promising, the effect on
gait has not been well studied.
Today, in addition to the standard drug regime, physical therapy is often prescribed by itself or with other
treatment options, such as occupational therapy and
speech therapy. In recent years, there have been promising reports of physical therapy programs combined
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with various sensory cues. In this brief review, we summarize the evidence (or lack thereof) regarding the clinical efficacy of different physical therapy programs for
PD, specifically with respect to improving gait. We also
discuss the potential therapeutic mechanisms of sensory
cueing and review the studies that have used cueing in
the treatment of gait in PD.
We focused on the effects of physical therapy and
cueing on gait because gait disturbances and falls are
among the most significant motor complaints in advanced PD, and are a leading cause of loss of independence and institutionalization.1–3 We show two key findings: (1) despite its relatively long history, the evidence
supporting the use of conventional physical therapy for
the treatment of gait in PD is not strong; and (2) sensory
cueing appears to be a powerful means of circumventing
dopamine deficits in PD and improving gait. However,
despite the promise of cueing, its use outside of a research setting appears to be virtually nonexistent.
MATERIALS AND METHODS
Search Methodology
Articles were compiled for this study from a number
of sources. A search of Medline (1966 to July 2001) and
CINAHL (1982–2001) was performed, using the following key word combinations: [physical therapy or physiotherapy or exercise or rehabilitation] and [Parkinson’s
or Parkinsons or Parkinson]; [cue or cueing] and [Parkinson’s or Parkinsons or Parkinson]. The Cochrane Library Database was searched using the following key
word combinations: physical therapy and Parkinson’s
disease; exercise and Parkinson’s disease; physiotherapy
and Parkinson’s disease. References from the publications identified were also examined for relevant studies.
Only studies that had gait or some type of motor test that
included gait as an outcome variable were considered.
Articles and abstracts written in English and French were
included.
Conventional Physical Therapy
The most common nonpharmacological treatment prescribed for treatment of gait disturbances in PD is physical therapy. Twelve studies were found that discussed the
effects of conventional physical therapy programs,4–15
and three were found that evaluated the effect of conventional physical therapy combined with occupational
therapy.16–18 In addition to the conventional physiotherapy regimes, a number of experimental physical therapy
programs have been evaluated, such as upper body karate
training17 and treadmill training with a body-weight support system.18 Eight of the 17 physical therapy studies
examined demonstrated a significant improvement in
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gait, but 6 either did not find any improvement or the
improvement noted did not reach statistical significance
(Table 1). The remaining studies documented improvements in areas other than gait, such as global motor function and activities of daily living scores.
It has been suggested that the improvements observed
in these studies may have nothing to do with the pathology of PD per se. Relatively unfit adults improve their
gait and motor function in response to appropriate physical therapy training programs.19,20 In fact, in one study in
which the same exercise program was given to both PD
patients and aged-matched controls, improvements in
stride length and gait speed were observed in both
groups.15 Although this does not detract from the clinical
benefit of such programs in PD, it is important to clarify
whether a specific program is directly targeting the
pathological aspects of the PD gait, or whether it is a
training program that can benefit all older people, including PD patients. We will further discuss the effects of
conventional physical therapy on gait in PD (see Discussion).
Sensory Cueing for the Treatment of Gait
Putative Mechanisms.
While trying to unravel the complex pathology of PD,
researchers became aware of the fascinating phenomenon of sensory cueing. One of the most interesting features of PD is that, despite severe motor symptoms, patients are sometimes still able to perform complex movements almost normally under certain conditions.21 For
example, some patients will inexplicably freeze while
walking through a doorway, but will have no trouble at
all climbing a flight of stairs.22 It appears that the underlying problem has more to do with motor control than
with actual motor function. The challenge lies in enabling patients to access this ability at will and to use it
in normal, daily function.
A summary of what is known and unknown about PD
pathology is beyond the scope of this review. Nonetheless, a brief description is needed to put the studies of
cueing in proper context.
The basal ganglia, the focal point of impairment in
PD, have been shown to be involved in the execution of
automatic and repetitive movement.23–25 Morris and colleagues hypothesized that the basal ganglia are involved
in two separate elements of motor control.26 First, they
are involved in providing phasic cues to the supplementary motor area (SMA), which is responsible for activating and deactivating each submovement within the
movement sequence. Second, they are involved in the
transmission of motor set information, i.e., they are re-
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sponsible for accurate execution of each submovement
element.
With this theory, it is possible to explain two primary
gait deficiencies seen in PD.27 First, the movement execution is not smooth because internal rhythmic cues are
not being properly supplied.23,28,29 Two of the hallmark
features of PD, freezing22,30 and festination,31 may both
be manifestations of a problem with the maintenance of
an internal gait rhythm.22 Second, because of the deficient motor set, we find abnormalities in the actual
movement elements.22,26 Thus, for example, PD gait is
characterized by short, shuffling steps and decreased or
absent arm swing.
Different cueing techniques have been used (see Table
2). To enhance basal ganglia function, some studies provide external rhythmic auditory cues to supplement the
absent or deficient internal rhythm. Other studies use
visual cues to set the proper stride length, thus providing
external information to help augment the defective motor
set. To reroute the movement through a nonautomatic
pathway, attentional cues have been used to focus attention on walking and thus remove it from the automatic
basal ganglia pathway. Alternatively, visual cues may be
employed to activate the visual motor pathway instead of
the automatic motor pathway.
Auditory Cueing.
Auditory cueing, in the form of rhythmic auditory
stimulation (RAS), has been gaining popularity over the
past 10 years. In a number of single-session studies, PD
patients were able to match their cadence to a beat that
was set at 10% faster than their baseline values, significantly improving their velocity, cadence, and stride
length23,32,33 (Table 2). These improvements remained
evident in the immediate short term even after the cues
were removed. In terms of actual gait training, patients
who exercised daily while listening to music with an
overlaid RAS beat showed more significant and more
lasting improvements in gait than patients who did the
same exercise program without RAS.32 Apparently, the
effective element of the RAS/gait training was actually
the RAS, rather than the gait training per se. This finding
is supported by a recent study that showed that patients
who listened to music with RAS every day for a month
without any gait training also showed significant improvements in their gait velocity and step length.34
It is not yet clear exactly how RAS is able to improve
PD gait. Thaut and colleagues32 suggest that perhaps
RAS provides an external rhythm that is able to compensate for the defective internal rhythm of the basal
ganglia. The finding that the improvements remained
even when the cues were removed suggests that RAS
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may also provide some sort of rhythmic training mechanism. Proponents of this theory base their support on
research that has shown that there is a basic deficit in
cadence and the consistency of the timing between
steps, implicating a deficit in internal rhythm mechanisms.29,35–37 Conversely, Morris and associates found
that when cadence was “fixed” using a metronome for
auditory cueing, the stride length and velocity remained
significantly below normal, supporting the view that
rhythm (cadence) is not the problem. When stride length
was “fixed” with visual cues, cadence and velocity were
normal.37 They concluded that the underlying pathology
in PD gait was stride length regulation, not cadence control, and suggested that perhaps the problem with generating correct stride length was a result of a defective
motor set. A later case study evaluating the kinetics of
PD gait with and without visual cues observed that even
when spatiotemporal and kinematic variables were normalized, an underlying pathology of gait kinetics remained.38 This suggests that the movement disturbances
in PD have a more complex cause than we are presently
able to understand. Although auditory cueing appears to
be quite promising, with potential long-term carryover
effects, additional larger-scale studies are needed to confirm and further assess the efficacy of auditory stimulation before it can be clinically applied.
Visual Cueing.
Placement of visual cue floor markers is one technique
that can be very effective in regulating stride length.
Floor markers were reported to be effective in improving
the gait of PD patients as early as 1967.39 In some cases,
the patient is instructed to walk over each marker, and
thus achieve the desirable stride length for each step.
Alternatively, the patient may be given no specific instructions regarding the floor markers. Interestingly, only
certain visual stimuli are apparently effective in improving gait. Transverse lines work, whereas zigzag or parallel lines do not. In addition, the lines must be separated by an appropriate width and a color that contrasts
with the floor in order to achieve the best results. In
a number of single-session studies, velocity and stride
length increased when PD patients were provided with
floor markers to externally cue their stepping
patterns.26,37,39–41 Some of these studies found that patients retained a positive carryover effect even after the
cues were removed.26,41 This suggests that a certain degree of training took place, even with a short exposure to
the cues. Visual cues have also been found to be helpful
in alleviating freezing episodes. For example, carrying
an inverted walking stick, so that the handle acts as a
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Group
size, n
(experimental
group/
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Study design

Controlled; attempts
made to blind the
control group
Longitudinal study

Longitudinal study

Longitudinal study

Controlled

Case studies

Controlled;
single-blind

Longitudinal study

Longitudinal study

Crossover; patients
were blinded

Type of therapy

Passive and active mobilization exercises, adopted
for postural control and equilibrium vs. repeated
evaluation sessions
Physical therapy to improve range of motion,
mobility, strength, and endurance; coping
strategies; occupational therapy

Gait training, breathing techniques, therapeutic
exercises emphasizing posture and flexibility

Dynamic movements with variation in speed and
adjustment to space

Home exercise program

Exercise techniques teaching self-relaxation of
rigidity and restoring normal automatic
movement patterns through repetition

Stretch exercises from the United Parkinson’s
Foundation vs. karate exercises

Retreat with intensive rehabilitation therapy

Proprioceptive neuromuscular facilitation using a
combination of Bobath and Peto methods vs.
infrared radiation to thorax and diversional
games
Family therapy and physical program

2–11

16

2–3

12

33

6

12

2

13

4

Duration
of study
(wk)
Results

Significant improvement of step length and walking speed;
no long-term follow-up.
Slight but insignificant improvement in ADL and gait
analysis, summary results not available; no long-term
follow-up.
Significant improvement in PD motor battery walk index in
the karate group (−13% change). There was also
improvement in both groups in motor coordination, and a
subjective, patient-evaluated improvement in walking
confidence. In one task involving whole-body
coordination, there was a decline in function; no
long-term follow-up.
Improvements in balance, gait, and functional movements
observed in both patients (from 1.04 m/second to 1.41
m/second in one patient and from 0.69 m/second to 1.24
m/second in the other patient); no long-term follow-up.
No significant improvement in gait variables in either
group; no long-term follow-up.
Significant decrease in maximum speed (from 1.63
m/second before training to 1.27 m/second after training)
and stride length (from 0.89 m to 0.74 m) after therapy;
this significant decrease persisted at a 4-mo follow-up
evaluation.
Improvement documented in all areas of assessment,
including gait speed, heel strike, and mobility skills, as
well as subjective improvement in functional ability,
summary results not available; this improvement persisted
at 6- and 12-mo follow-up evaluations.
Significant improvement in the exercise group in gait speed
(from 0.51 to 0.65 m/second); control group did not
improve; no long-term follow-up.
Significant improvement was noted in maximum ambulation
distance as well as in some ADL activities.
Nonsignificant improvement was found in the amount of
ambulatory assistance required. No long-term follow-up.

No significant improvement found in gait posture, balance,
speed, or dexterity in either group; no long-term
follow-up.

TABLE 1. Studies of the effects of conventional physical therapy

Yes

Yes

—

No

No

Yes

Yes
(karate
group
only)
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effect on
gait**
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—
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II–III
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Scandalis et al.,
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Controlled (PD
patients vs. healthy
controls)

Crossover

Controlled

Controlled

Longitudinal study

Controlled

Crossover;
single-blind

Study design

Rigorous resistance training-exercises
predominantly geared toward the lower body,
including leg presses, toe raises, leg curls and
abdominal crunches

Bobath PT program focusing on proprioceptive
skills vs. no exercise program
Individualized exercise program designed to
enhance participation of appropriate synerigistic
muscles, using relaxation, slow movements and
gentle diaphragmatic breathing. The program
includes a series of exercises divided into seven
graduated stages.
Treadmill training and BWS vs. conventional
physical therapy

Daily walks in the mountains

Alternative movement strategies for important skill
domains (chair, walking and bed-related) vs. a
non-specific in-group exercise program

69 repetitive exercises to improve range of motion,
endurance, balance, gait, and motor dexterity vs.
no exercise program

Type of therapy

8

4

10–13

5

1

52

4

Duration
of study
(wk)

Significant improvement in the BWS group in gait speed
(from 1.00 m/second before treatment to 1.20 m/second
after treatment). In addition, there was a significant
reduction in UPDRS motor and ADL scores. No
significant improvement was seen in the group receiving
conventional PT; no long-term follow-up.
Significant improvement in the PD patients in stride length
(from 0.83 m before treatment to 9.95 m after treatment).
The healthy control group also demonstrated
improvement, but this did not reach statistical
significance; no long-term follow-up.

Significant improvement in the exercise group in UPDRS
motor scores (from 26 to 20), (particularly scores related
to bradykinesia and rigidity). There was also significant
improvement in UPDRS ADL scores. No improvement
was seen in the control group; the improvement in the
experimental group disappeared at 6-mo follow-up.
No significant improvement was found in either group in
UPDRS scores for gait, walking speed, or step length.
However, there was an observed improvement in certain
gait characteristics, such as heel strike in the
experimental group; no long-term follow-up.
Significant improvement found in functional motor
assessment test; improvement remained at 3-mo
follow-up, but had disappeared by the 6-mo follow-up.
No significant difference between the two groups in the
UPDRS scores. No long-term follow-up.
No significant differences in physical performance, although
the usual care group consistently performed worse than
did the intervention group; no long-term follow-up.

Results

Yes

Yes

No

No

Yes

No

No

Signigicant
positive
effect on
gait**

*Some studies provide only stage or only age range (in yr).
**Significant positive effect on gait is defined here as a significant effect of P < 0.05 for any gait variable, such as stride length or velocity, as well as for any functional assessment test that primarily examines gait,
but does not include significant improvement in global motor assessment scales such as the UPDRS motor test.
H&Y, Hoehn and Yahr; ADL, activities of daily living; PD, Parkinson’s disease; UPDRS, Unified Parkinson’s Disease Rating Scale; BWS, body weight support.
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1

(15/15)

(34/34)

6 (mean)
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Weissenborn
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199440

Morris et al.,
199437

McIntosh et al.,
199433
Azulay et al.,
199664

Morris et al.,
199626

(13/7)

—
69–88

8

Bagley et al.,
199141

Reference

H&Y
stage,
age (yr)

Group
size, n
(PD/control)

Visual cues (white strips of cardboard placed on
the floor at a customized distance for each
subject) and attentional strategies (mental picture
of appropriate stride length)

Visual cues (transverse white stripes placed on the
floor 45 cm apart)

Auditory cues (RAS)

Visual cues (white strips of cardboard placed on
the floor at a customized distance for each
subject), auditory cues (metronome), and verbal
instructions

Instructional sets and visual cues (white strips of
cardboard placed on the floor at a customized
distance for each subject)

Visual cue (visual target placed just above eye
level)

Visual cues (brightly colored triangular rods placed
along a walkway at a customized distance for
each subject)

Type of therapy

Single session

Single session

Single session

Single session

Single session

3 times,
fortnightly

Single session

Duration
of study
Results

Significant improvement with cues found in stride time (from 1.32 second in
the uncued trial to 1.6 second in the cued trial) and step length (from 0.41
m to 0.58 m), as well as a significant decrease in double support time
(from 33% of stride to 21% of stride). Follow-up trial with no cues
showed a significant carryover effect remaining in step length (0.51 m),
but not in the other gait parameters.
Improvement with cues found in step length (from 0.18 m in the uncued
trial to 0.32 m in the cued trial) and speed (from 0.36 m/second to 0.63
m/second). No carryover effect seen when subject was not concentrating
on the visual cue target.
Significant improvement in stride length and speed with visual cues (alone
and with instructional set). When visual cues were combined with
instructions to walk fast, PD patients showed stride length and speed
comparable to that of healthy controls.
Visual cues alone produced significant improvements in stride length and
speed but not in cadence. Visual cues with verbal instructions produced
stride length, speed, and cadence rates that were equivalent to or greater
than those for healthy controls. Auditory cues produced a cadence
comparable to the control group’s; however, speed and stride length
remained significantly below normal values. Auditory cues combined with
verbal instructions produced near-normal speed; however, cadence was
significantly elevated and stride length significantly decreased.
Fast RAS produced significant improvement in mean gait speed, cadence,
and stride length. Numeric details were not provided.
Improvement in stride length and speed were found in 7 of the 13 PD
patients, but no significant changes occurred for the overall group of
patients.
Significant improvement with visual cues was found in stride length (from
0.96 m at baseline to 1.30 m with cues), speed (from 0.83 m/second to
1.20 m/second), and double support time (from 35.9% of cycle to 30.2%
of cycle). Improvement using attentional cues was found in stride length
(from 0.97 m at baseline to 1.32 m with cueing strategy), speed (from
0.87 m/second to 1.19 m/second), and double support time (from 35.9%
of cycle to 29.9% of cycle). Follow-up trials without cues found that the
imnprovements could be maintained for the maximum monitoring time of
2 hours for both visual and attentional cue strategies. However, secondary
tasks and covert monitoring reduced the gait parameters to baseline
values.

TABLE 2. Studies of the effect of sensory cues*

Yes

No

Yes

Yes

Yes

Yes

Yes

Signigicant
positive
effect on
gait**
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II–IV
67–75

II–IV
72.9 (mean)

II–III
62–72

II1⁄2–III1⁄2
62.3–77.7
II–III1⁄2
58–84

(31/10)

(8/8)

(16/16)

25

(14/14)

McIntosh et al.,
199732

Behrman et al.,
199853

Azulay et al.,
199939

Visual cues (taped SL markers and an
individualized SMLD)

Auditory cues (music with metronome beat in the
background—RAS)

Visual cues (transverse white lines placed on the
floor 45 cm apart) with and without stroboscopic
lighting

Verbal instructional sets: 1) walk while swinging
arms 2) walk and count aloud 3) walk with large
steps 4) walk fast

External rhythmic cues, including metronome
stimulation, march music stimulation, and tactile
stimulation (rhythmic tapping on the patient’s
shoulder)
Auditory cues (RAS)

Type of therapy

Single session

1 h a day for
3–4 wk

Single session

Single session

Single session

Single session

Duration
of study

Significant improvement with RAS found in stride length (from 0.86 m at
baseline to 1.02 m with RAS), speed (from 0.70 to 0.95 m/second), and
cadence (from 98 to 108 steps/minute). The healthy control group also
showed a significant improvement in speed and cadence, but not in stride
length. In a follow-up trial without RAS, these improvements persisted
with a small decay rate.
Improvements were seen in step length and speed with all four instructional
sets, for both the control group and the PD group. With instructions to
walk fast, the PD group achieved step length and speed comparable to
those of health controls.
Under normal lighting, visual cues induced a significant improvement in gait
speed (from 0.76 m/second at baseline to 0.82 m/second with visual cue)
and stride length (from 0.93 to 0.97 m), but no significant improvement in
cadence in PD patients. With stroboscopic illumination and visual cues,
this improvement was suppressed. The healthy controls showed no
significant changes in any parameters with the addition of visual cues
with or without stroboscopic lighting.
Significant improvement of stride length (from 0.42 m before the RAS
therapy to 0.47 m after) and gait speed (from 0.83 to 0.97 m/second), but
no significant improvement in cadence (from 117 to 121 steps/minute).
Significant improvement in stride length (from 1.10 m without visual cues to
1.34 m with SL markers and 1.29 m with SMLD) and in gait speed (from
1.04 to 1.17 and 1.22 m/second). The control group did not show any
significant change in any gait parameters with either SL markers or
SMLD.

Significant reduction in the time and number of steps needed for the test
course. March music stimulation was less effective and tactile stimulation
produced negative results.

Results

Yes

Yes

Yes

Yes

Yes

Yes

Signigicant
positive
effect on
gait*

A study by Muller et al.67 was not included in this table. Although visual, acoustic, and tactile cues were used, they were part of a larger framework of behavioral therapy, and thus difficult to compare with other studies
that examined sensory cues alone (Table 2) or sensory cues combined with physical therapy (Table 3).
*See footnotes to Table 1.
H&Y, Hoehn and Yahr; PD, Parkinson’s disease; RAS, rhythmic auditory stimulation; SL, step length; SMLD, subject-mounted light device.
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Ito et al.,
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III–IV
—

22

Enzensberger
and Fischer
199665

Reference

H&Y
stage,
age (yr)

Group
size, n
(PD/control)

TABLE 2. (Continued)
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horizontal cue at foot level, was able to decrease the
number of freezing episodes in certain patients.42–45
It is not clear exactly how visual cues improve PD
gait. One possibility is that visual cues help to fill in for
the motor set deficiency by providing visual data on
appropriate stride length.26 When patients are told to step
over each marker, they are forced to take properly sized
steps, normalizing their stride length. Another theory is
that visual cues help because they focus attention on
gait.26,39 Once the patient is concentrating on walking, it
is no longer an automatic task that is being processed
through the defective basal ganglia.
This theory is supported by the findings of Morris and
coworkers.26 They evaluated the effects of visual cues
and attentional cues, i.e., visualization of the appropriate
step length. They found that the two strategies produced
similar improvements in walking. Similarly, visual and
attentional cues acted in the same way to improve micrographia in PD.15 Then they evaluated the carryover
effects that each strategy had, evaluating patients every
15 minutes for the first 2 hours after the initial session,
while interspersing increasingly more complex secondary tasks in between each evaluation and covertly evaluating the patients. They found that, for both visual cues
and attentional strategies, patients were able to maintain
the improvements over a 2-hour time period, as long as
they were concentrating on their gait. When complex
secondary tasks were interspersed between evaluations,
the improvements decreased as the complexity of the
tasks increased. Similarly, when the patients did not
know they were being evaluated and consequently were
not focusing on their stride, their gait parameters returned to baseline levels. Because the visual cues and
attentional strategies behaved so similarly in terms of
carryover effect and its deterioration, they conclude that
visual cues operate in the same way as attentional strategies. This conclusion is supported by studies that found
that PD patients have difficulty performing secondary
tasks while walking. Presumably, if the “automatic”
task—walking—is being routed through the cortical
pathways, then a more complex secondary task, which
also needs to be processed by the frontal cortex, will
interfere with the optimal execution of both tasks.41,46–48
There are, however, problems with this explanation. If
visual cues work simply by focusing attention on stride,
then why do horizontal lines work, but not zigzag
lines?39 Azulay and colleagues hypothesized that perhaps visual cues work because they act as moving targets, activating the cerebellar visual-motor pathway. To
evaluate this theory, they tested patients with visual cueing under two conditions: normal lighting and stroboscopic illumination. They maintain that, normally, visual
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floor marker cues appear to be moving downward in the
patient’s field of vision, but with stroboscopic lighting,
this dynamic element to the cues is eliminated. They
found that the visual cues were only effective in improving gait parameters under normal lighting conditions, but
not with stroboscopic illumination. This favors the hypothesis that visual floor cues generate optical flow that
activates a cerebellar visual–motor pathway, as opposed
to the cortical–motor pathway. This hypothesis is further
supported by a number of studies that found an increased
dependence on visual information for control of motor
activity in PD.49–51 Furthermore, in a case study, merely
looking at a visual cue marker target above eye level was
sufficient to cause an increase in velocity and a normalization of the walking pattern.52
To further evaluate attentional cueing strategies, the
effects of different verbal instructional sets on PD gait
have been studied.53 Interestingly, while different instructions were able to improve gait velocity, the effects
were not equivalent. The greatest increase in velocity
was seen when patients were told to walk fast. However,
the resulting gait was highly abnormal, with an extremely elevated cadence and small stride length. In contrast, walking while focusing on arm swinging or large
steps improved the overall velocity to a lesser degree, but
resulted in an almost normal gait pattern. This finding
suggests that there are a number of different mechanisms
at play in the abnormal generation of gait in PD, and that
different aspects of gait can be influenced by different
techniques.
Physical Therapy Combined with Sensory Cueing
A number of published studies have evaluated the effect of physiotherapy or gait training combined with sensory cues (Table 3). Gauthier and colleagues initiated a
program that utilized visual and auditory cues as triggers to facilitate initiation and speed of movement,54 and
Patti and associates utilized rhythmic and auditory cues
to assist in continuous movement.55 Both Patti and
Gauthier and their coworkers compared their experimental group with a control group that did not receive any
exercise training, and found that the experimental group
showed significant improvement in gait immediately after the program, whereas the control group did not. Some
of these improvements were still significant at 5- and
6-month follow-up. The other studies compared the effects of a conventional physical therapy protocol to those
of the same physical therapy protocol enhanced by sensory cueing. Thaut and colleagues compared a group that
undertook 3 weeks of walking with rhythmic auditory
stimulation (RAS) with a control group with internally
self-paced walking and a control group with no exercise
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II1⁄2 (mean)
61–79

II–V
61–72

II
43–72

I1⁄2–III
59–77

(15/11/11)

(20/20)

(8/20)

(10/10)

Thaut et al.,
199656

Dam et al.,
199657

Patti et al.,
199655

Marchese et al.,
200058

Controlled;
single-blind

Controlled;
single-blind

Controlled;
single-blind

Two control groups

Controlled study with
matched pairs;
single-blind

Type of study
10

Results

The experimental group showed a significant improvement in gait and
posture as well as in bradykinesia and akathisia. Summary values
were not available. At 1 yr there was still a significant decrease
in bradykinesia compared with baseline, but not in gait values.
Gait training with RAS vs. gait training with
3
The experimental group showed significant improvements in gait
self-pacing vs. no training
speed (from 0.81 to 0.97 m/second), stride length (from 0.99 to
1.10 m), and step cadence (from 96.8 to 105.7 steps/minute).
There was no significant improvement found in either of the
control groups. No long-term follow-up.
Sensory-enhanced PT utilizing both visual
4 (3 cycles,
Both the experimental and control groups showed significant
and auditory cues vs. conventional PT
with 3 mo
improvement in the GAIT subscore of the Northwestern
in between
University Disability Scale (from 5.3 at baseline to 6.5 after
cycles)
treatment in the sensory-enhanced PT group, and from 5.3 to 6.0
in the conventional PT group). Three mo later, the GAIT score
remained elevated (5.7) for the sensory-enhanced PT group, but
had returned to baseline in the conventional PT group. At the end
of the study, 3 mo after the third cycle of therapy, the
sensory-enhanced group still showed a significant elevation in
gait score (6.1), whereas the conventional PT group had returned
to the baseline score. In addition, both groups showed
improvement in ADL immediately after therapy, and this
improvement persisted in the sensory enhanced PT group at the
3-mo follow-up.
Rhythmic symmetrical movements of
4
The experimental group showed a significant increase in gait speed
a
increasing amplitude, neck and trunk
(from 0.66 to 1.01 m/second) and in mean stride length (from
rotation exercises, practice using walking
0.85 to 1.02 m). The control group had a nonsignificant decrease
aids, breathing exercises, and occupational
in both speed and stride length. Five mo after the therapy had
therapy vs. no exercise program
ended, the experimental group still showed a significant elevation
in speed (0.83 m/second) and a nonsignificant increase in stride
length (0.95 m). At this time, the control group showed a
significant decrease in both of these parameters. In addition, the
experimental group showed significant improvements in the
Functional Independence Measure (reflecting an improvement in
ADL) which persisted (although not significantly) at the 5-mo
follow-up.
Physical therapy protocol (including exercises
6
Both the experimental and control group showed significant
for stimulation of postural control, active
reduction in scores on the motor subsection of the UPDRS. The
or assisted limb mobilization, and exercises
experimental group had a mean decrease of 3.4, and the control
for articulation and pendular movement in
group showed a decrease of 1.7. At the 6-week follow-up, the
various positions) plus visual, auditory,
experimental group still showed a significant decrease in score
and tactile cues vs. physical therapy alone
(−2.9), whereas the control group showed an increase in score
(+2). In addition, there was a significant improvement in the ADL
subsection of the UPDRS in both groups after the initial therapy,
which persisted in the experimental group at the 6-week
follow-up.

General mobility, dexterity, functional and
educational activities, using visual and
auditory cues vs. no exercise program

Type of therapy

Duration
of study
(wk)

—

Yes

Yes

Yes

Yes

Signigicant
positive
effect on
gait*

*See footnotes to Table 1.
a
The article mentions the importance of using rhythmic movements to capitalize on the positive effects of rhythmic and auditory cues. However, the exact nature of the rhythmic and/or auditory cues actually used is
not specified.
RAS, rhythmic auditory stimulation; PT, physical therapy; ADL, activities of daily living; UPDRS, Unified Parkinson’s Disease Rating Scale.

II–IV
54–73

(30/29)

H&Y stage,
age (yr)

Gauthier et
al., 198754

Reference

N (group
size) (PD/
control)

TABLE 3. Studies of the effect of physical therapy combined with sensory cueing

1156
T.C. RUBINSTEIN ET AL.

PHYSICAL THERAPY AND CUEING FOR GAIT IN PD
at all.56 They found that the RAS group had significant
improvements in gait parameters, whereas the other two
groups did not. Dam and colleagues57 and Marches and
associates58 compared the efficacy of a conventional
physiotherapy program with that of a sensory-enhanced
physiotherapy program. They found that both the conventional physical therapy and the cue-enhanced physical therapy groups showed improvement immediately after training, but that the improvement was greater in the
cue-enhanced group. This improvement disappeared in
the conventional physical therapy group at follow-up assessments performed 6 weeks and 3 months after the
therapy had ended, but persisted in the cue-enhanced
group.
DISCUSSION
Research on the utility of physical therapy and cueing
has clearly advanced in the past decade, although many
questions remain. Considering the fact that sensory cueing, with or without physical therapy, is a noninvasive,
virtually risk-free treatment option, it is remarkable that
it has received so little attention when compared with far
more complicated pharmacological and surgical options.
This neglect is reflected in the current paucity of welldesigned studies, especially those evaluating the various
physical therapy regimens commonly prescribed, and the
virtual absence of cueing from clinical practice.
We reviewed studies that evaluated the effects of
physical therapy, cueing, and physical therapy combined
with cueing on PD symptoms, specifically with respect
to gait. Eight of the 17 physical therapy studies, 12 of the
13 sensory cueing studies, and 4 of 5 sensory-enhanced
physical therapy studies demonstrated a significant improvement in gait.
It is difficult to extract a practical take-home message
with respect to the efficacy of physical therapy (without
cueing) on PD gait. The results of the “uncued” physical
therapy studies are equivocal (Table 1). The physical
therapy programs examined were diverse (programs
ranging from strength and resistance training to daily
walks in the mountains), and some studies included occupational therapy as well as physical therapy, so it is not
easy to pinpoint which element of the treatment was
helpful. Another problem was that no study was designed
to identify optimal “dosing” (e.g., how many times per
week) or intensity and length of intervention, and there
was tremendous variation between different studies
(ranging from daily activities for a week to bimonthly
activities for a full year). Also, the outcome measures
used to evaluate improvement varied widely, with virtually every group reporting improvements in a different
set of parameters. Finally, there were a number of meth-
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odological problems in many of the physical therapy
studies, such as small experimental group sizes, lack of
strict diagnostic criteria for idiopathic PD, and improper
controlling for the time of evaluation with respect to
medication intake. Because many of the studies did not
have a control group and were not blinded, it is also
likely that at least some of the improvements observed
were due to the placebo effect. Many studies also had
unhomogeneous sample groups with ranges in age as
large as 45 years and in disease progression as large as
three full stages on the Hoehn and Yahr scale. This is
particularly problematic because training capacities may
be a function of disease stage. In fact, one study found
that when patients were subdivided according to the
stage of their PD, those in the earlier stages showed
improvement with physical therapy, while those in the
later stages did not.10
Other articles examining the existing literature have
reached similarly unsatisfying conclusions. Two Cochrane reviews, one evaluating physiotherapy versus placebo or no intervention in PD and one evaluating the
relative efficacy of different physiotherapy techniques in
PD (including studies that dealt with gait), noted many
methodological problems in the existing studies and a
lack of a robust positive effect in most of the trials. They
concluded that there was insufficient evidence to support
or refute the efficacy of physical therapy in PD.59,60
A recent meta-analysis examined six studies that
evaluated the effects of physical therapy on PD gait.61
They assessed the methodological quality of each study
and concluded that only three of the studies could be
classified as truly experimental and the other three as
quasi-experimental. The results of this meta-analysis
showed a small but significant improvement in both gait
speed and stride length. However, the meta-analysis included the three quasi-experimental studies and pooled
interventions that evaluated physical therapy alone with
those that evaluated physical therapy combined with sensory cues. Mechanisms and efficacy of the different modalities, however, may be very different.
Results of the sensory cueing studies were more consistent (Table 2), with 12 of 13 showing significant improvements in gait. Methodologically speaking, the cueing studies were generally more rigorous. Although the
cueing studies had small experimental group sizes, they
were generally properly controlled, with control groups
matched for age and disease severity; they had strict
criteria for the diagnosis of PD; and nearly all were careful to test at the same time of day in relation to levodopa
intake. On the other hand, it is problematic to view all the
cueing studies as involving a single intervention, since
they include different types of cueing techniques (e.g.,
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visual and auditory cues, attentional strategies, and instructional sets). Although it remains unclear which
types of cues are the most effective and how exactly they
work, almost every cueing study showed significant
positive effects on gait.
It is difficult to compare the efficacy of physical
therapy with that of sensory cueing, for a number of
reasons. Firstly, the physical therapy studies were all
multiple-session interventions, whereas most of the sensory cueing studies were single-session interventions.
Secondly, the target measures for improvement were different, with most sensory cueing studies focusing mainly
on gait and many of the conventional physiotherapy
studies focusing primarily on global outcome measures
of motor performance. Finally, it is difficult to isolate the
impact of physical therapy alone, because the physical
therapy programs were often combined with occupational or group therapy. Some of the conventional physical therapy protocols may have even inadvertently included certain techniques that utilized some form of cueing (e.g., Crossley used counting and rhythm as an aid to
some of their exercises).
As cueing has become more popular, researchers have
begun to incorporate different types of cueing techniques
into their physical therapy programs, in the hope that the
addition of cues may augment the effects of the physical
therapy. Indeed, in the five studies we found that combined physical therapy with cueing (Table 3), four found
significant improvements in gait variables. The other
study did not directly evaluate gait, but did find significant improvements in the UPDRS motor subsection. In
addition, four of five of these studies evaluated for longterm effects, and all four found that the improvements
persisted for 6 weeks to 6 months after the physical
therapy had ended in the groups who had cueing techniques added to their program, but not in those who had
“uncued” physical therapy. In contrast, only 3 of the 17
“uncued” physical therapy studies evaluated for longterm improvement. One found that the improvement had
disappeared at a 6-month evaluation,9 one found that
some improvement persisted at a 3-month follow-up
evaluation but had disappeared by 6 months,14 and one
found a decline in performance that persisted at a
4-month follow-up evaluation.12 There was no real longterm follow-up for the sensory cueing (alone) studies, as
they were primarily single sessions. However, some
studies checked to see if the improvements noted with
cues persisted when the cues were removed. Three studies found that the improvement did persist, although with
a slight decay as time passed,26,32,41 and one case study
found that the improvement did not persist at all once the
cue was removed.52 This raises the possibility that per-
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haps cueing is a key factor behind the improvements
seen in many of these studies, particularly with respect to
those improvements that persist after the physical therapy
has ended.
A patient with PD recently complained to us that his
health insurance refused to reimburse him for physical
therapy expenses because “it does not help” patients with
the disease. Our review, however, suggests otherwise.
Results from cueing studies showed that certain techniques were able to produce normal walking velocity and
stride length in PD patients, and a number of studies that
combined physical therapy with cues demonstrated significant improvements that lasted up to 6 months after
the treatment was discontinued. Nonetheless, this incident highlights the need for well-designed, larger-scale
studies of the effects of physical therapy programs on PD
symptoms, especially those that utilize cueing techniques.
As evidence mounts demonstrating the usefulness of
various sensory cues for PD patients, the focus in research seems to be shifting away from conventional
physical therapy and toward newer innovative types of
therapy, including auditory and visual cueing, attentional
strategies, and instructional sets combined with innovative physical therapy exercises. This trend reflects rehabilitation programs that take into account the mechanisms that underlie the motor dysfunction of PD. In order
to capitalize on the potential therapeutic benefits of cueing in PD, future research should include carefully controlled physical therapy programs that use a variety of
different external cueing techniques, perhaps in combination with more conventional physical therapy, to further assess efficacy, appropriate intensity, and duration,
and to determine which types of cues are the most effective. In addition, more studies are needed to evaluate
the effect of sensory cues on their own and to determine
how to transform cueing into a tool that can be incorporated into a patient’s everyday life.
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