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Abstract

Brain regions important for controlling movement are also responsible for rhythmic processing. In 

Parkinson disease (PD), defective internal timing within the brain has been linked to impaired beat 

discrimination, and may contribute to a loss of ability to maintain a steady gait rhythm. Less 

rhythmic gait is inherently less efficient, and this may lead to gait impairment including reduced 

speed, cadence, and stride length, as well as increased variability. While external rhythmic 

auditory stimulation (e.g. a metronome beat) is well-established as an effective tool to stabilize 

gait in PD, little is known about whether self-generated cues such as singing have the same 

beneficial effect on gait in PD. Thus, we compared gait patterns of 23 people with mild to 

moderate PD under five cued conditions: uncued, music only, singing only, singing with music, 

and a verbal dual-task condition. In our single session study, singing while walking did not 

significantly alter velocity, cadence, or stride length, indicating that it was not excessively 

demanding for people with PD. In addition, walking was less variable when singing than during 

other cued conditions. This was further supported by the comparison between singing trials and a 

verbal dual-task condition. In contrast to singing, the verbal dual-task negatively affected gait 

performance. These findings suggest that singing holds promise as an effective cueing technique 

that may be as good as or better than traditional cueing techniques for improving gait among 

people with PD.
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1. Background and Purpose

In Parkinson disease (PD), basal ganglia degeneration has been linked to impaired beat 

processing, as people with PD have difficulty discriminating beat-based rhythms [1–3]. This 

beat impairment may impact movement since brain regions involved in rhythm processing, 

such as the basal ganglia, cerebellum, premotor cortex, and supplementary motor area, are 

also responsible for motor function [4]. Neurodegeneration in these motor regions may 

disrupt the internal regulation of movement amplitude and timing in PD and lead to a loss of 

gait rhythmicity (i.e., ability to maintain a steady gait rhythm). While maintaining gait 

rhythmicity is an automatic and effortless process in healthy individuals, for people with PD, 

this becomes attention-demanding and is particularly impaired during performance of 

secondary tasks [5]. Less rhythmic gait is naturally more variable and less efficient, and may 

contribute to freezing of gait or falls [6, 7].

Music is well-established as an effective cueing technique to improve gait and restore gait 

rhythmicity [4, 8, 9]. Traditional auditory cueing, in which participants walk to a metronome 

beat or to the beat of a song, typically increases gait speed and elicits larger, more uniform 

steps [6, 9–11]. This technique, however, is challenging to implement consistently outside of 

the clinic because it requires use of an external device and headphones. The burden of 

wearing this device may prevent patients from using it regularly, particularly during short 

walking bouts in the home where falls commonly occur. Singing, on the other hand, requires 

nothing but one’s own voice. Additionally, most external cueing devices are set at a fixed 

tempo and incapable of adapting to a person’s varying cadence, thereby reducing 

effectiveness in the real world. One’s voice, in contrast, may be easily adapted to any 

circumstance, and may even help cue challenging gait situations such as step initiation, 

turning, or freezing. External cueing techniques have inconsistent carry-over effects, as the 

benefits of cueing are not always retained once the device is removed. Singing, however, is 

an active process that may cause melodies to get stuck in people’s heads and therefore may 

have longer lasting effects. Although external cueing devices may be effective at improving 

gait, they are not a perfect tool, and therefore, there is a need to find accessible and adaptive 

alternatives to traditional cueing techniques [12].

The purpose of our study was to determine if people with PD could generate their own cues 

through singing and if this novel cueing technique could improve gait in the same way that 

traditional cueing techniques do. Among the potential benefits of this technique are that it 

could be used at any time and in any place, without the need for a device to play music, and 

that it can be customized to match one’s cadence. Past research on imagined singing 

suggests the potential of singing to improve gait in PD and confirms that internal generation 

of musical cues is possible in PD and other neurological disorders [13–15]. However, no 

studies to date directly measure the effects of singing on gait parameters that have typically 

shown improvement with external cueing. Therefore, we developed a single-session protocol 

to test feasibility of singing as a tool to improve gait. We hypothesized that singing would 

stabilize gait in the same way that music does. We expected that singing would be as 

effective as traditional cueing at improving velocity, cadence, and stride length in PD, and 

that it would decrease gait variability as traditional cueing does. To assess the attentional 

demands of singing while walking, we also included a dual-task condition known to divide 
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resources and cause gait decrement. We predicted that this verbal dual-task would be 

detrimental to gait, whereas singing would not.

2. Methods

2.1 Participants

Twenty-three individuals with PD were recruited from a convenience sample of people who 

were participating in a separate study [16] at Washington University School of Medicine 

(Table 1). Inclusion criteria were (1) a diagnosis of idiopathic PD, as determined by a board 

certified neurologist using diagnostic criteria for ‘definite PD’ [17], (2) ability to ambulate 

independently indoors for short distances without an assistive device, (3) absence of other 

neurologic disorder or dementia as measured by a minimum MMSE score of 24 [18], (4) 

absence of orthopedic injury or other comorbidity affecting gait, and (5) adequate vision and 

hearing (with or without a hearing aid). All participants gave informed consent to perform 

experimental procedures approved by the Human Research Protection Office at Washington 

University School of Medicine.

2.2 Experimental Protocol

Participants were tested in the ‘on’ state (i.e., they had taken anti-Parkinson medication 

within the previous 2.5 hours) to maximize relevance to everyday walking conditions. 

Participants performed all walking trials on a 5m instrumented, computerized GAITRite 

Walkway (CIR Systems, Inc., Franklin, NJ). For all trials, participants were instructed to 

begin walking prior to reaching the GAITRite and to continue walking once off the mat to 

minimize acceleration and deceleration effects. An initial trial where participants were 

instructed to walk at their comfortable speed was used to determine each participant’s 

preferred cadence. This cadence was used to adjust song tempo to match each individual’s 

comfortable pace. Although cueing is often assessed using cues set to 110% of preferred 

cadence, we chose to use preferred cadence for this feasibility study to simplify task 

demands. For these musically-cued conditions, the cue was administered in the form of an 

instrumental version of “Row, Row, Row Your Boat” via a laptop no further than 10 m from 

the participant at any time during walking. Song tempo was adjusted for each individual 

using Audacity (The Audacity Team, audacity.sourceforge.net/download/) open source audio 

editing software. The song was chosen for its familiarity, as singing a life-long familiar 

melody results in better consolidation and higher retention [19] and because improvements 

in velocity and stride length have been seen in people with PD when synchronizing to a 

highly familiar song [20]. The particular instrumental version was selected for its high beat 

saliency, which enabled participants to more easily find the beat and sing along [21]. Follow-

up interviews confirmed that all participants were able to hear the music and knew the 

melody and lyrics.

Participants completed three walking trials in each of five conditions as described below and 

were instructed to begin each trial when ready. Dual-task data were collected first as this was 

required as part of the study protocol for the larger trial. All other conditions were 

randomized to eliminate any training effects.
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1. Uncued—This condition was used to represent ‘normal’ walking and provided a point of 

comparison for the other conditions. Participants were asked to walk at their preferred 

walking speed when given the signal to go. This occurred in silence as no cueing was 

present. In instances where the UNCUED condition came after a condition in which music 

played, participants were instructed not to think of the previously heard song as they walked.

2. Music only (MUS)—Our music-only condition represents traditional cueing techniques 

in which music was playing and participants were asked to walk to the beat. Once the song 

was turned on for each trial, participants were told to take as long as needed to listen to the 

song, pick out the beat and begin walking.

3. Singing only (SING)—Participants were asked to sing aloud while walking without 
music playing. In the absence of an external cue, participants were required to internally 

generate and produce the music to cue their walking. Therefore, this condition represented 

the novel cueing technique in which we were most interested.

4. Singing along with music (MUS+SING)—Participants were asked to walk to the 

beat of the music while singing along. Instructions for this condition were the same as for 

the MUS condition except that participants were now asked to sing aloud to the music. This 

condition was included to capture the potentially additive effect of listening to music while 

also singing.

5. Verbal dual-task condition (DT)—This is a commonly used dual task in which 

participants were asked to walk at preferred speed while generating as many words as 

possible that began with different letters of the alphabet (H, L, T). Participants were given 

instructions on this task and a letter was given just before they began walking so they did not 

have time to think of words in advance. At the end of the walkway, they turned around and 

repeated the protocol with the next letter.

Additional Measures—Disease severity was assessed by a trained physical therapist 

using the Movement Disorders Society Unified Parkinson’s Disease Rating Scale Motor 

Subscale 3 (MDS-UPDRS III) and Hoehn and Yahr staging (H&Y), the New Freezing of 

Gait Questionnaire (nFOGq) was used to assess freezing, and the Mini-mental Status Exam 

(MMSE) was used to assess cognition. Beat processing impairment was assessed by the Beat 

Alignment Test (BAT).

2.3 Data Analysis

IBM SPSS Statistics 22 was used for all statistical analyses. For each participant, data were 

averaged across the three trials of each condition. Normalized velocity, cadence, stride 

length, and variabilities of step time, single support time, and stride length were compared 

across conditions using one-way repeated measures ANOVAs. Variabilities were calculated 

as the standard deviation of each trial and then averaged across trials. Comparisons between 

the single initial trial used to determine preferred cadence and the three uncued trials were 

not statistically significant, and therefore we used the average of uncued trials to represent 

baseline. Post-hoc pairwise comparisons were used as appropriate, and Bonferroni 
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corrections were used to correct for multiple comparisons. Statistical significance was set at 

p<0.05.

3. Results

3.1 Normalized velocity, cadence, and stride length

Cueing in the form of MUS, SING, or MUS+SING did not alter velocity, cadence, or stride 

length relative to UNCUED (Figure 1). DT, however, elicited significant decreases in 

normalized velocity (F(4,19)=16.418, p<.001), cadence (F(4,19)=7.04, p=.001), and stride 

length (F(4,19)=10.115, p<.001) compared to all other conditions (Table 2).

3.2 Variability of step time, single support time, and step length

Variability measures revealed greater differences between cueing techniques. SING closely 

resembled UNCUED in that it showed minimal variability across all measures. Variability 

was significantly lower for SING compared to MUS+SING and DT for step time 

(F(4,19)=7.172, p=.008, F(4,19)=7.172, p=.003, respectively) and single support time 

(F(4,19)=6.806, p=.031, F(4,19)=6.806, p=.004, respectively). Step length revealed a similar 

but non-significant trend in which SING was less variable than other cued conditions. MUS

+SING was associated with higher gait variability than all other cued conditions and this 

was significant for step time when compared to UNCUED (F(4,19)=6.806, p=.045) (Figure 

2). The DT condition was the most variable of all five conditions. For step time, DT was 

more variable than UNCUED (F(4,19)=7.172, p=.003), MUS (F(4,19)=7.172, p=.021), and 

SING (F(4,19)=7.172, p=.003). For single support time, DT was more variable than 

UNCUED (F(4,19)=6.806, p=.003) and SING (F(4,19)=6.806, p=.004) (Table 3).

4. Discussion

In this study, we explored a novel cueing technique to improve gait in PD by singing a song 

oneself rather than listening to a song, as in traditional cueing techniques. Our primary 

finding is that singing at a tempo matching comfortable gait pace may improve gait 

variability while not causing other gait decrements. The absence of gait decrements during 

singing trials indicates that singing while walking was not excessively demanding for people 

with PD. This was further supported by the comparison to a verbal dual-task condition 

which negatively affected gait performance, whereas singing did not. In addition, singing 

while walking produced less variability than other cueing techniques. Variability is a 

valuable marker of overall gait performance that reflects gait unsteadiness and dyscontrol. 

People with PD have increased gait variability which reflects reduced automaticity of 

walking [22]. Stride-to-stride fluctuations related to both stride time and stride width are 

sensitive measures that correlate more closely to fall risk than other elements of gait [23]. 

Therefore, decreasing gait variability may be even more important than increasing gait speed 

or distance. Our results suggest that singing holds promise as a cueing technique that may be 

as beneficial as traditional cueing techniques for improving gait in PD.

Singing is already widely used as a therapeutic technique for voice rehabilitation in PD 

because it targets hypophonia, a common PD symptom, and elicits improvements in speech 

intelligibility, vocal intensity, and respiratory function [24, 25]. However, it is not known if 
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the benefits of singing may extend beyond speech to improvements in motor control. 

External auditory cueing through music is widely established as an effective tool to stabilize 

gait in PD [4, 9]. The musical cue may work by replacing the defective internal timing 

mechanism within the basal ganglia with an external template to which people can match 

their movement [9, 10]. By contrast, little is known about whether singing can serve the 

same purpose or if impaired beat processing would preclude people with PD from either 

creating an internal template through song or synchronizing movement to it.

We expected some of our participants would be unwilling or unable to sing aloud; however, 

all participants sang aloud with apparent ease. Ability to do the task was likely not 

attributable to musical experience, as only nine participants reported having any musical 

training. In addition, our participants were a subset of a larger sample that showed impaired 

beat processing as compared to controls [26], confirming past reports among people with PD 

[27]. Our results support the idea that, in spite of this deficiency, people with PD can 

internally generate music and use it as a cue to guide movement, as was shown previously in 

a study in which imagined singing was used to improve motor timing in people with PD 

[13].

When comparing singing trials to the verbal dual-task condition, we noted significant 

differences in all gait measures. Word generation created a dual-task effect that slowed and 

destabilized gait. This corroborated previous studies where gait impairment was exacerbated 

during a concurrent speaking task in people with PD [28, 29]. Dividing limited cognitive and 

motor resources between complex activities is known to disrupt gait automaticity and 

increase stride-to-stride variability [5]. Our finding that singing did not negatively affect gait 

suggests that singing a rhythmic and familiar song may not divide resources in the same way 

as speaking.

When comparing cueing techniques, we noted that walking to music, either while listening, 

as in traditional cueing, or while singing along, increased variability of temporal and spatial 

gait parameters. These increases were not byproducts of changes in speed, cadence, or stride 

length, as these measures were unchanged. In the singing only condition, by contrast, no 

music was present so participants did not have to match their singing or footsteps to an 

external source. Higher variability in the musically-cued conditions may reflect the extra 

attentional resources required to synchronize even simple, automatic movements to sound 

[14]. Thus, participants may have had an easier time walking to the beat when they were 

able to generate the song themselves than when they had to synchronize to music. Another 

possibility is that active music-making (such as singing) may confer greater motor benefits 

than passive music listening [30] by affecting movement “vigor” or eagerness to move. 

While synchronizing movement to music induces an arousal effect that makes movement 

faster, larger, and more vigorous [31] and can lead to greater motor network activation [14], 

synchronizing movement to one’s own voice may elicit an even stronger motor response, or 

at least a more precisely timed one.

Singing may hold other benefits over external auditory cueing. Studies suggest that adaptive 

cues that synchronize to an individual’s walking speed are more effective than set-tempo 

cues, and singing, similarly, can be altered to fit any situation [12]. Singing also creates a 
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longer-lasting memory trace over spoken words, resulting in improved memory 

consolidation and retention [32]. Our participants reported that the song got “stuck in their 

heads”, possibly reflecting carry-over benefits and supporting the theory that singing 

mentally after singing aloud allows rhythm recall and facilitates movement [33]. Singing 

may also be useful in challenging gait situations that cause freezing, as one’s voice can 

easily be turned on and off as needed. Six participants in our sample were identified as 

freezers, and some of them suggested singing might be helpful during freezing episodes. 

This is promising as auditory cueing has been shown to benefit freezers and non-freezers 

alike [34, 35]. Singing, therefore, may be feasible for a wide variety of patients in a variety 

of situations.

Several limitations of our study are noted. One is that our singing and dual-task paradigms 

were not equally demanding, as participants sang a familiar song but spoke a word-

generation task that likely required higher cognitive effort. Another is that we took no 

explicit measures of attention, so we cannot know how division of resources differs when 

synchronizing movement to endogenous cues versus heard cues. Also, since we tested only 

one version of one song, we cannot rule out the possibility that another song, or one without 

lyrics, may have elicited a different response. A potential criticism of this technique is that 

singing aloud may not be preferred to wearing an external cueing device for people who 

experience gait difficulty in public settings. Therefore, future work should examine the 

possibility that imagined singing, or a combined training program that included both audible 

and mental singing, could ameliorate gait in the same way as singing aloud.

In conclusion, singing positively affected gait variability while having no detrimental effect 

on velocity, cadence, or stride length. Whereas traditional cueing techniques require the use 

of external devices that typically do not adapt to one’s cadence and do not convey long-

lasting benefits in their absence, singing can be easily implemented anytime, anywhere, 

without the need for significant training, and could therefore be translated into practice quite 

expeditiously. There is a strong need for inexpensive, non-invasive, and widely accessible 

interventions to address gait impairments in PD. Singing holds promise as a useful 

alternative to traditional cueing techniques to regulate gait in PD. Further study is warranted 

to determine the effect of singing tempo on gait, how long the effects of singing last, and 

who is most likely to benefit from this novel technique.
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Highlights

• Singing had no detrimental effect on velocity, cadence, or stride length.

• Singing positively affected gait variability.

• A verbal dual-task condition slowed and destabilized gait, whereas singing 

did not.

• Singing holds promise as an effective cueing technique for people with PD.
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Figure 1. 
Gait characteristics across 4 conditions as percent change from UNCUED walking. Error 

bars represent ± SEM, * denotes p<.001 where DT was worse than all other conditions.
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Figure 2. 
Gait variability across 4 conditions as compared to UNCUED walking. Data represent 

standard deviations ± SEM. * denotes significance of p<.05.
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Table 1

Participant Demographics.

N 23 (13 male)

Age, yrs (mean ± SD) 69.5 (7.6)

MDS-UPDRS-III (mean ± SD) 30.5 (11.8)

Hoehn & Yahr stage II(10)

II.5(10)

III(3)

Years since Diagnosis (mean ± SD) 3.8 (4.2)

MMSE (median, range) 29 (24,30)
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