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Introduction
Parkinson’s disease is often associated with deficits in gait speed and other spatiotemporal
measures, which can negatively impact balance and community mobility. Rhythmic auditory
stimulation has the potential to improve spatiotemporal measures of gait in this population
through entertainment of movement patterns. Cadence and step length can be differentially
affected on a treadmill and overground by strategically selecting frequencies appropriate to the
parameter to cause even greater increases in gait speed. However, rhythmic auditory stimulation
has shown limited ability to impact balance. Incorporating rhythmic auditory stimulation during
treadmill training and overground walking has the ability to improve static and dynamic balance,
as well as the ability to improve spatiotemporal measures of gait in community-dwelling older
adults with Parkinson’s disease.
Purpose
The purpose of this study was to perform an exploratory analysis of the effect of training with
rhythmic auditory stimulation on gait speed, cadence, stride length, and static and dynamic
balance.
Methods
Three individuals participated in this exploratory pilot study. A 72-year-old man, a 66-year-old
woman, and a 75-year-old female (all with Hoehn-Yahr Stage 2 Parkinson’s disease) participated
in 6 weeks of gait training with rhythmic auditory stimulation to improve gait speed and
spatiotemporal measures. Each session combined treadmill-based gait training followed by
overground gait training. The rhythmic auditory stimulation was provided with a metronome set
to 85% and 115% of their self-selected cadence for treadmill and overground training,
respectively. We performed clinical and laboratory tests of gait and balance prior to training,
following completion of training, and at a 3 month follow up.
Results
All three participants improved overground gait speed (participant 1: +0.27 m/s; participant 2:
+0.20 m/s; participant 3: +0.18 m/s), cadence (6.76 ±3.07 steps per minute), and stride length
(15.7 ±4.17 cm). There were relatively minor to no changes in balance for all participants.
Conclusion
All three participants made improvements in gait speed and spatiotemporal measures. Continued
work is needed to further determine the impact rhythmic auditory stimulation has on balance in
this population. Further research is also warranted for determination of long term improvements
and the feasibility of use in the community setting.

*co-first authors

Introduction
Parkinson’s disease (PD) is a neurodegenerative disorder that can cause impairments in
motor and postural control, gait, automaticity of movement, and static and dynamic balance.1
Individuals with PD commonly present with distinct gait deficits such as bradykinesia, decreased
arm swing, decreased stride length, and decreased cadence, resulting in shuffled steps.2,3 The
lack of movement automaticity in individuals with PD can also contribute to freezing of gait,
which further increases the risk of falls.4 Pharmacological management is often a major part of
treatment for PD given its ability to increase dopamine stores and reduce disease symptoms;
however, medications can be ineffective at improving gait deficits.5,6 Additionally, prolonged
drug therapy may increase episodes of freezing of gait, thus increasing the risk of falls.7 In order
to properly address the gait deficits for individuals with PD, intensive gait rehabilitation is
warranted as an adjunct to drug therapy.7
The use of external cues represents a well-established technique that is commonly
implemented during rehabilitation for individuals with PD.8 Individuals with PD have impaired
internal pacing but are able to use external timing cues to improve the rhythmicity of gait.9–11 As
an example, walking on a treadmill provides external somatosensory cues (i.e., speed of the
treadmill belt) to drive the stepping pattern.12 Furthermore, treadmill walking appears to reduce
the elevated prefrontal cortex activity for people with PD.13 This reduction in frontal lobe
activation may contribute to long term improvements, by promoting greater gait automaticity.13
Auditory cues, such as musical beats, metronomes, and rhythmic clapping, represent
another form of external cueing that is commonly implemented in conjunction with gait training
for individuals with PD.3 Walking with auditory cues can have a positive impact on gait
initiation, and reduce freezing episodes and falls for individuals with PD.11 More specifically,
metronomes offer an effective, clinically feasible strategy to improve spatiotemporal measures of
gait such as gait speed, stride length, and cadence.3 In the overground environment, higher (i.e.,
faster) frequencies are advocated to elicit increased gait speed.14 Recently, Chawla et al
suggested that slower metronome frequencies, when employed during treadmill training, are
more effective than faster metronome frequencies at increasing step lengths during treadmill
walking for individuals with PD.15 During overground walking, however, faster tempo
metronomes appear to consistently increase cadence and gait speed, but are inconsistent at
altering step length.15 Therefore, we propose that coupling slow cadence cues on a treadmill (to
enhance stride length), followed immediately by faster cadence cues overground (to enhance
cadence and gait speed), will elicit positive spatiotemporal gait features specifically targeting the
known impairments for individuals with PD.
Increasing stride length has the potential to increase the time spent in single limb stance.
Such a change may affect balance, although there is limited evidence regarding the effects of gait
training with auditory cueing on balance outcomes. It is possible, however, that gait training with
auditory cueing can improve motor control and anticipatory postural control, leading to
improved balance.16

The carryover from the treadmill environment to the overground environment is critical
for correcting multiple aspects of disordered walking in individuals with Parkinson’s disease.
Therefore, the purpose of this case series was to describe the use of a novel pairing of both big,
slow movements (obtained with slow tempo rhythmic auditory stimulation (RAS) on a treadmill)
followed by high-intensity rapid movements (obtained during fast tempo RAS during
overground walking) during gait training for individuals with Parkinson’s disease. We believe
that this novel pairing of training conditions will address both the affected spatial and temporal
aspects of gait. Furthermore, we hypothesize that improving gait mechanics will improve overall
balance in individuals with PD.

Case Description
Participant 1: History and Systems Review
The first participant was a 72-year-old man diagnosed with Parkinson’s disease (PD) by his
neurologist 4 years before our evaluation. According to his neurologist, his PD stage was
classified as Hoehn-Yahr Stage 2. Besides his initial diagnosis of Parkinson’s disease, his past
medical history was unremarkable. During training he was taking both Levodopa 25 100mg and
Pramipexole 1 mg three times per day. Prior to his diagnosis, he was very physically active and
enjoyed going to the gym several times per week. After his diagnosis he continued going to the
gym but noticed a decrease in his ability to ambulate safely on the treadmill and began using the
stationary bike. Upon his initial evaluation with us, he expressed an interest to increase his
walking speed in order to improve his ability to keep up with his grandchildren and reduce
freezing episodes.
Clinical Impression and Examination
Due to his diagnosis of Parkinson’s disease, we were concerned about the possibility of
decreased stride length, gait speed, and balance and the effects these could have on safety when
ambulating in the community and his risk of falls. During his initial evaluation, he scored 27/28
on the Mini-BESTest, 7/24 on the Freezing of Gait Questionnaire, and a 29/30 on the Montreal
Cognitive Assessment.17–19 He completed the Four Square Step Test in 11.87 seconds and had a
total score of 25 (12 on Left and 13 on Right) on the Step Test.20,21 He performed a Six-Minute
Walk Test (6MWT) along a 100 foot hallway with a GaitRite mat (CIR Systems, Franklin, NJ)
placed in the middle of the hallway. While ambulating across the GaitRite mat, PKMAS
software (Protokinetics, Havertown, PA) calculated his gait speed, cadence, and stride length for
each pass to determine an average value for the test (Table 1). An initial screening for the 6MWT
was performed prior to the pre-test, to ensure consistent performance in gait speed and distance
walked. Determination of spatiotemporal gait measures using pressure mats is a valid measure
for individuals with Parkinson’s disease.22 Observationally, he appeared to ambulate at a slightly
slower than normal speed, without the use of an assistive device, with slightly decreased arm
swing bilaterally and decreased stride length for his stature, when compared to a normal gait
speed is 1.3 – 1.4 m/s and normal stride length is 140 – 160 cm.23,24 The decrease in stride length

and gait speed were hypothesized to be due, in part, to the subtle deficits in balance. He appeared
to be a good candidate for gait training with rhythmic auditory stimulation, given his high level
of motivation, desire to improve his walking, and his self-reported progression of symptoms.
Participant 2: History and Systems Review
The second participant was a 66-year-old woman, who was diagnosed eight years ago with PD.
At the initial evaluation she presented with Hoehn-Yahr Stage 2, according to her neurologist.
Besides the diagnosis of PD, she also had an unremarkable past medical history. During training
she was taking Levodopa 25 100 mg two times per day, Amantadine 100 mg three times per day,
and Ropinirole XL 6 mg once per day. Prior to her diagnosis, she was very physically active
participating in dance recitals and going for walks around her neighborhood. After her diagnosis,
she continued to work as a dance teacher, and walked in her neighborhood with her husband
frequently, but she reported a decrease in her rhythm and coordination during dancing. Her goals
were to improve her coordination and rhythm when walking and dancing.
Clinical Impression and Examination
As with participant 1, we were concerned about the possibility of deficits in spatiotemporal
measures of gait due to her Hoehn-Yahr stage and diagnosis of Parkinson’s disease. During her
initial evaluation, she stated that she had no pain. She scored a 25/28 on the Mini-BESTest, a
3/24 on the Freezing of Gait Questionnaire, and a 30/30 on the Montreal Cognitive Assessment.
She completed the Four Square Step Test in 6.35 seconds and had a total of 41 (21 on Left and
20 on Right) on the Step Test. She also performed the 6MWT while ambulating over the
GaitRite mat to assess spatiotemporal aspects of her gait were assessed (Table 2). Again, her
screening and pre-test results on the 6MWT were consistent. Visually she was observed to have
decreased stride lengths and a quickened cadence. She ambulated without an assistive device but
had a wide base of support. We attributed her decreased stride length and increased base of
support to her reported feelings of being unstable. Given her findings, we believed that she had a
good chance of improving her gait with gait training with rhythmic auditory stimulation.
Participant 3: History and Systems Review
The third participant was a 75-year-old woman diagnosed with Parkinson’s disease (Hoehn-Yahr
Stage 2). She was initially diagnosed with PD one year prior to evaluation. Her past medical
history was significant for a stroke in 2003, prior to her diagnosis of PD, which left her with
residual left sided weakness. She reported walking on the treadmill at the gym prior to her PD
diagnosis, but stated that she always had to use the handrail due to her fear of falling. After her
diagnosis, she became more sedentary, participating mainly in seated activities such as tutoring
and sewing and only occasionally exercised by walking around her neighborhood. At the time of
her initial evaluation with us, she stated her goal was to improve her balance and ability to walk
in her neighborhood.

Clinical Impression and Examination
Given the dual diagnosis of PD and a prior stroke, we were concerned that deficits in her gait and
balance were contributing to her inability to be as active in the community as she wanted. The
prior history of stroke, also caused us to consider the extent of residual hemiparesis as well as the
presence of any gait and balance asymmetries. During her initial evaluation she scored a 19/28
on the Mini-BESTest, a 10/14 on the Freezing of Gait Questionnaire, and a 29/30 on the
Montreal Cognitive Assessment. She performed the Four Square Step Test in 11.08 seconds and
had a total of 30 (15 on Left and 15 on Right) for the Step Test. During the 6MWT (Table 3), we
observed that her gait had a decreased stride length on the left side and she ambulated with a
wide base of support. Additionally, she ambulated with decreased gait speed, a decreased step
length, and decreased arm swing on the left side. We hypothesized that the wide base of support
and decreased stride length were due to impairments in balance, while the decreased step length
and arm swing on the left were likely due to residual weakness (not tested) from her previous
stroke. She performed similarly during her screening and pre-test 6MWT.

Intervention
In an attempt to improve mobility for all three participants, we implemented intensive
gait training, with a combination of treadmill-based and overground walking. To address issues
with spatiotemporal aspects of gait, we incorporated a novel pairing of rhythmic auditory
feedback. We expected that improved spatiotemporal gait parameters would contribute to
enhanced balance and balance perception.
Over 6 weeks, participants 1 and 3 completed a total of 15 sessions and participant 2
completed 16 sessions. Each session lasted approximately 60 minutes. During each session,
participants began with treadmill-based gait training and ended with overground walking. All of
the overground training was performed in a series of flat hallways indoors. We used a
metronome during both the overground and treadmill-based components in order to encouraged
improvements in both cadence and step length. We set the metronome to a percentage of the
participant’s comfortable overground cadence, as determined at the initial evaluation.
Importantly, we used different frequencies during treadmill and overground walking.
Specifically, when participants walked on the treadmill, we set the metronome to 85% of the
comfortable overground cadence, to encourage increased step lengths. Following treadmill
walking, we transitioned the participants to overground walking with the metronome set to 115%
of the baseline cadence. The overground portion was intended to promote increased gait speed
with greater cadence and greater step lengths. The frequency set by the metronome was kept
similar throughout the 6 weeks of training despite changes in treadmill speed. Participant 1
completed the treadmill-based training with the metronome set to 89 beats per minute (bpm) and
completed overground training with a metronome frequency of 120 bpm. Participant 2
performed treadmill gait training with the metronome set to 115 bpm and completed overground
training with the metronome at 153 bpm. For participant 3, the metronome was set to 87 bpm
and 117 bpm for treadmill-based training and overground training, respectively.

We set a goal to reach 20 minutes of walking during both overground and treadmill
training to maximize the benefits of the intervention; however, all of the participants began with
varying times and gradually increased the duration of training. During the initial training session,
participants 1 and 2 both completed 15 minutes of walking on the treadmill with one rest break,
and were able to complete 20 minutes without a break by the end of the 6 weeks. Participant 3
began by ambulating for a total of 10 minutes with one rest break on the treadmill during the
initial session and ended the 6 weeks by ambulating for a total of 20 minutes with one break. The
second part of each training session consisted of overground gait training with the metronome.
Initially, participant 1 completed 15 minutes of walking overground with one rest break but he
progressed to 20 minutes without a break by the last session. Participant 2 walked for 10 minutes
overground with one rest break during the initial session but she was able to walk 20 minutes
without a break at the final training session. Participant 3 completed 10 minutes of walking with
one break at the beginning of the 6 weeks and was able to ambulate a total of 13 minutes without
a rest break during the last session.
Blood pressure and heart rate were assessed for each participant at the beginning and end
of each session, as well as during each rest break. The intensity of the training was determined
by the participants’ physiologic response to exercise (i.e., heart rate), as well as their subjective
reports given on the Borg Scale (13-17 on the 6 to 20 scale) measuring their Rate of Perceived
Exertion (RPE).25 Over the course of the 6 weeks of training, the treadmill speed was gradually
increased in order to allow participants to progress gait speed and step length. Participant 1
began with a gait speed of 1.2 m/s during the initial training session and completed training at a
speed of 1.4 m/s during the final session. Participant 2’s treadmill speed began at 1.3 m/s during
the first session and was 1.5 m/s at the end of the 6 weeks. Participant 3 began with a treadmill
speed of 0.95 m/s but only progressed to a speed of 1.0 m/s by the final session. Although we
attempted 1.05 m/s after three weeks of training, we reduced back to 1.0 m/s due to her inability
to step with the metronome at that speed. All participants wore a safety harness that was attached
overhead to an unweighting system; however, no unweighting was used with any of them
throughout the course of training.
While walking, each participant also received verbal feedback throughout each session in
regards to his or her spatiotemporal measures of gait. Participants 1 and 2 both received feedback
regarding decreased step length bilaterally, whereas participant 3 received feedback more
specifically about her decreased step length on the left. Additionally, feedback was provided to
participants 1 and 3 in regards to maintaining an upright posture due to their tendency to lean
forward during ambulation on the treadmill. Each participant was also provided with verbal
feedback in order to achieve heel strike on beat with the metronome.
At the beginning of training, all participants held onto the handrails while walking on the
treadmill, although, we discouraged use of the handrails for all participants to challenge balance.
Participants 1 and 2 progressed to no handrail use by the end of the 6 weeks; however,
participant 3 continued to use both handrails throughout the training program. Although
participant 3 attempted to hold onto the therapist’s hand, as a progression towards complete

removal of her hand from the rail, she was unable to maintain her balance on the treadmill with
this technique. Additionally, when ambulating without upper extremity support, participant 3
reported left shoulder pain due to her tendency to hold her arms in a high guard position.
We experienced a single adverse event that was not an unanticipated problem throughout
the 6-week training period. During week 4, participant 3 reported a feeling of lightheadedness
after completing the treadmill training and exhibited a drop in blood pressure to 86/62 mmHg.
After 10-15 minutes of rest, her blood pressure improved; however, the session was stopped
early and no overground training was completed that session. In addition, each participant
reported at some point throughout training that they had forgot to take their medication prior to
the training session. In these instances, the participants reported the treadmill training was more
difficult, however there were no noticeable differences in their performance.

Outcomes
All of the participants repeated all of the gait and balance testing within one week after
the last training session, as well as 3 months after training ended. All of the spatiotemporal
measures are shown for participant 1 in Table 1, in Table 2 for participant 2, and Table 3 for the
third participant.
Participant 1 improved his gait speed from 1.21 m/s at the pretest to 1.48 m/s at the posttest, which was maintained at 1.47 m/s at followup. In addition to improvements in gait speed,
participant 1 demonstrated improvements in 6MWT distance, cadence, and stride length. The
Minimum Detectable Change (MDC) for patients with PD is identified as 0.18 m/s for gait
speed, 82 m for the 6MWT, and 15.1 steps per minute for cadence.26,27 Participant 1
demonstrated an improvement in stride length of 20.5 cm at the post-test compared to the pretest. At the 3-month follow-up, improvements in all of these measures were still significantly
improved compared to the baseline measures taken prior to the study, even with a 4 cm decline
in stride length from the post-test measures. Participant 2 ambulated with a comfortable gait
speed of 1.31 m/s at baseline and ambulated at a speed of 1.51 m/s at the post-test. During the
post-test, she also demonstrated improvements in 6MWT distance, cadence and stride length. At
the post-test, her stride length was 137.6 cm compared to 124 cm at the pre-test session. When
evaluated during the 3-month follow-up, participant 2 demonstrated improvements in gait speed,
cadence, and stride length compared to her post-test measures. Her stride length at the follow-up
was 138.2 cm, cadence was 139.6 steps per minute, and her gait speed was 1.55 m/s. Similar to
the other two participants, participant 3 demonstrated improvements on the post-test in terms of
gait speed, stride length, cadence, and 6MWT distance. Participant 3 ambulated with a gait speed
of 0.96 m/s at the baseline testing and walked at 1.14 m/s at post-test. She improved her stride
length from 118 cm before training to 131 cm at the post-test. Participant three also improved in
her gait speed and stride length at the follow-up, increasing to 1.22 m/s and 140 cm, respectively.
She also made slight improvements in her balance measures. The changes seen at follow-up for
gait speed and stride length, showed further significant changes from her pretraining results.

Most of the balance measures captured some small improvements at the posttest for all of
the participants. Participant 1 demonstrated improvements in balance on the following tests:
(Step Test: +13; 4 Square Step Test: -4 s; Freezing of Gait Questionnaire: -3). Participant 2
showed small improvements in balance with these scores (Mini-BESTest: +3; Step Test: +11; 4
Square Step Test: -1.22 s; Freezing of Gait Questionnaire: -1). Participant 3 demonstrated the
least improvements in balance with improvements only captured by the Mini-BESTest with an
increase in score of 3 points.
At the completion of training, all of the participants reported noticing improvements in
their community mobility. Participant 1 reported that instead of ambulating slower than his wife
and grandkids, he now often found himself walking slightly ahead of them. Participant 2 reported
that she noticed improvements in her stability while walking outside with her husband and in her
coordination during dance. She also reported that she noticed she was ambulating with a much
quicker pace after the training. Participant 3 reported similar improvements in self-perceived gait
speed and stated that she noticed an improved ability to ambulate further distances when walking
in her neighborhood.
Table 1.
Participant 1: 6MWT, Gait Speed, and Spatiotemporal and Balance Measures

Measure

Screening

Pretraining

Posttraining

Follow-up

6MWT distance
(m)

444.7

436.17

533.1

528.8

Gait Speed (m/s)

1.24

1.21

1.48

1.47

Cadence
(steps/minute)

105

114.7

114.8

Stride length
(cm)

144

164.5

160.2

Mini-BESTest
(max score: 28)

27

27

28

Step Test (reps)

25 (12 on L 13
on R)

38 (19 on L and
R)

37 (19 on L 18
on R)

4 Square Step
Test (s)

11.87

7.9

7.18

Freezing of Gait

7

4

4

Table 2.
Participant 2: 6MWT, Gait Speed, and Spatiotemporal and Balance Measures

Measure

Screening

Pretraining

Posttraining

Follow-up

6MWT distance
(m)

451.4

472.1

543.8

557.5

Gait Speed (m/s)

1.25

1.31

1.51

1.55

Cadence
(steps/minute)

132.8

136.4

139.6

Stride length
(cm)

124

137.6

138.2

Mini-BESTest
(max score: 28)

25

28

28

Step Test (reps)

41 (21 on L 20
on R)

52 (26 on L and
R)

52 (26 on L and
R)

4 Square Step
Test (s)

6.35

5.13

4.94

Freezing of Gait

3

2

2

Table 3.
Participant 3: 6MWT, Gait Speed, and Spatiotemporal and Balance Measures

Measure

Screening

Pretraining

Posttraining

Follow-up

6MWT distance
(m)

354.48

346.25

411.48

438.91

Gait Speed (m/s)

0.98

0.96

1.14

1.22

Cadence
(steps/minute)

102

109

111

Stride length
(cm)

118

131

140

Mini-BESTest
(max score: 28)

19

22

23

Step Test (reps)

30 (15 on L and
R)

28 (13 on L 15
on R)

34 (17 on L 17
on R)

4 Square Step
Test (s)

11.08

11.1

9.29

Freezing of Gait

10

10

9

Discussion
The purpose of this study was to perform an exploratory analysis of the effect of gait
training with targeted rhythmic auditory stimulation on gait speed, cadence, stride length, and
static and dynamic balance. Ultimately, we found that after participants trained both overground
and on the treadmill with targeted rhythmic auditory stimulation, all three participants
demonstrated improvements in spatiotemporal gait parameters. Indeed, after 6 weeks of training
we observed improvements in gait speed, cadence and stride length compared to baseline. These
improvements persisted or further increased at a three month follow up. In addition, some small
improvements in balance were also noted for all of the participants at the end of training. This
exciting finding has important implications for modifying gait of individuals with Parkinson’s
disease through targeted rehabilitation.
The use of rhythmic auditory stimulation during gait training is not a novel intervention,
as it has been examined in prior studies both overground and on a treadmill.4,14,28,29 However, the
use of different metronome frequencies to specifically target key components of gait had not
been evaluated prior to this study. Here, the frequency of the metronome was slower than the
participant’s baseline cadence during treadmill training and faster during the overground
training. In contrast, previous research has promoted the use of a higher frequency metronome
exclusively.3,14 Instead, our use of a slower frequency during treadmill walking, as a part of the
training, likely contributed to the large improvements in stride length in our participants.15
There is a lack of current evidence regarding the influence of gait training with rhythmic
auditory stimulation on balance outcomes. Although our primary purpose was to ascertain how
targeted gait training would affect particular gait parameters, we also sought to determine if there
were any improvements in balance following training. Prior work has suggested a carryover of
some gait training protocols to improvements in balance.30–35 For example, gait training with
cueing resulted in significant improvements in balance as assessed with the Berg Balance Scale
(BBS).16,36 The results from our study suggest that there were small improvements in balance for
all participants, however the improvements may not be clinically significant.17 The current
literature for the psychometric properties of the Four-Square Step test is only available for
individuals with Huntington’s disease.37 If applied to our participants, then only participant one
successfully improved his time by an amount greater than the MDC. The MDC for the MiniBESTest is 5.5 points for people with PD, which none of our participants achieved.17 Because of
participants 1 and 2’s high initial score on the Mini-BESTest, improving by 5.5 points would not
have been possible to achieve. Unfortunately, there is a lack of literature for detectable change in
the step test, however participants 1 and 2 both improved by 13 and 11 repetitions respectively,
which may be a considerable amount of improvement. It is important to note that the participants
were fairly high functioning, so ceiling effects of the selected tests may have masked any
potential improvements in balance. Instead, future work should incorporate instrumented
analyses of dynamic balance to further assess the potential impact of gait training on balance in
individuals with PD.
At the end of training, all three participants demonstrated improvements in their
comfortable gait speed (Graph 1). The minimal detectable change (MDC) for gait speed for

individuals with Parkinson’s disease is commonly cited as 0.18 m/s.26 At the time of the posttest,
all of the participants exceeded this value when compared to their pretest measures with
participant 1 exhibiting a change of 0.23 m/s, participant 2 exhibiting a change of 0.30 m/s, and
participant 3 exhibiting a change of 0.24 m/s. Furthermore, such large changes in gait speed
exceed those reported in previous studies.8,14 Potentially more important, however, was the
subjective reports from each participant, as they reported noticing an increase in gait speed when
ambulating in the community. As an example, participant 2 reported that her husband no longer
walks with her because he complains that she is walking too far ahead of him now. It is likely
that the progressive nature of the training, coupled with the targeted approach to enhance both
stride length (via low tempo RAS on the treadmill) and cadence (via high tempo RAS
overground) contributed to these improvements in gait speed.
Additionally, all participants increased stride length at the end of 6 weeks of training
(Graph 2). The MDC for stride length in individuals with Parkinson’s disease is 14 cm.38
Participant 1 exceeded this measure with a change of 20.5 cm; however, participants 2 and 3
were just under the MDC at post-test, but exceeded the MDC by the 3-month follow-up.
Nevertheless, the improvements made by all 3 participants exceeded those found in several prior
studies that used auditory cueing with this population, at least in terms of the improvements
made by the 6 week mark.8,14,39 In fact, our participants improvements were nearly double the
stride length improvements reported by others.14 We believe that the biggest contributor to these
robust increases in stride length was the slowing of the metronome tempo during the treadmill
training. As the treadmill continued to move at the same fast speed, participants took fewer steps
in order to match the metronome, thus requiring them to increase their stride length to stay
centered on the treadmill. Furthermore, the MDC for cadence in this population is 15.1 steps per
minute.27 Despite showing improvements in cadence, none of our participants exceeded that
value (Graph 3). These limited improvements in cadence appear to be similar to the findings
reported in previous studies; highlighting that while some mild improvements might exist, they
may not be clinically significant.8,14
The small sample size of our case series clearly limits the ability to generalize these
results to other individuals with Parkinson’s disease. Furthermore, all of the participants had the
same stage of disease; therefore, the results cannot be generalized to other H&Y stages. It is also
important to note that the training required three, one hour sessions each week for 6 weeks,
which may not be feasible in an outpatient setting. Due to the lack of a control group, we cannot
determine causation with our study design. It is possible that participants would have improved
their gait with training that did not include RAS targeted to key gait parameters. Further research
will be needed to ascertain the contributing factors to the observed gait improvements.
In conclusion, this case series describes the novel use of targeted rhythmic auditory
stimulation as an intervention to improve gait and balance in individuals with Parkinson’s
disease. Ultimately, all three participants demonstrated improvements in gait speed and other
spatiotemporal measures (e.g., cadence and stride length) by the end of 6 weeks of training, with
these changes persisting for at least 3 months. While slight improvements were noted in the
participants’ balance measures, further research is warranted to determine the potential impact
that RAS and gait training have on dynamic balance. The outcomes demonstrated by these
participants is encouraging for future research on this topic.
Graph 1
Gait Speed for Participants 1, 2, 3 from Pretraining to 3 month Follow Up
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Graph 2
Stride Length for Participants 1, 2, 3 from Pretraining to 3 month Follow Up

Stride Length
170

Stride Length (cm)

160
150
Participant 1

140

Participant 2

130

Participant 3

120
110
100
Pretraining

Posttraining

Follow Up

Graph 3
Cadence for Participants 1, 2, 3 from Pretraining to 3 month Follow Up
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