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ABSTRACT 

From 1990 to 2008 several studies emerged regarding the use of music in 

physical rehabilitation and the treatment of neurological impairments. Strong 

evidence suggests that music can be used to treat the gait disorder associated with 

Parkinson’s disease (PD), a neurologic disorder of the basal ganglia (Thaut, Miltner, 

Lange, Hurt & Hoemburg, 1999; Thaut, et al., 1996). Little research exists regarding 

the use of music with other basal ganglia disorders such as Huntington’s disease 

(HD). Studies have shown that people with HD can modulate their velocity with an 

external auditory cue, however, they have difficult entraining (synchronizing there 

steps to the cue) (Thaut, Miltner et al.). Another study demonstrated that people with 

HD maintain the ability to learn new motor tasks, although that mechanism is 

strongly impaired (Smith & Shadmehr, 2004). The hypothesis emerged was that it 

may be possible for people with HD to improve their gait by practicing it using an 

auditory cue. Since no study had demonstrated the effects of preferred music on gait, 

it was also hypothesized that familiarity to the music may help facilitate entrainment. 

The current study tested the effect of preferred music and entrainment exercises with 

music on the gait of persons with HD. Participants in this study were in the middle to 

late stages of HD and had significant motor impairment. The study was conducted at 

a long-term care facility in the Midwest over the course of three weeks. Participants 

in the study were videotaped walking both pre- and post-intervention. The videos 

were analyzed by a music therapist and a physical therapist who observed for 

entrainment. The physical therapist evaluated quality of movement. The primary 

researcher recorded the objective data of cadence, stride length and velocity. The  



results of the findings were then evaluated. This study appeared to confirm other 

findings that people with HD are more able to synchronize their gait to a metronome 

than any other auditory cue. The study confirmed other findings suggesting that 

entrainment will probably not be obtained. Cadence, stride length and velocity 

remained significantly unchanged. The study did not show any degradation of gait 

over time, which js encouraging. The study also showed that quality of movements 

may be influenced by external auditory cuing as well as practiced movement to 

musie. Recommendations for further research are discussed. 
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INTRODUCTION 

Huntington’s disease (HD) is a disorder of the basal ganglia. The basal 

ganglia consist of three neuron clusters, the caudate nucleus, putamen and globus 

pallidus, located at the base of the brain. The basal ganglia are associated with a 

variety of functions including motor control, cognition, emotions and learning. It is 

the disruption of motor functioning that leads to the choreaform movements, one of 

the most recognizable features of HD. 

People with HD develop a range of cognitive, psychiatric and motor 

disturbances. The motor disruptions can be expressed in multitude of ways: akinesia 

(slowness in the initiation of a movement), bradykinesia (slowness in the execution 

of a movement), dyskinesia (irregular jerky, choreaform body movements), 

dystonia (involuntary movements and prolonged muscle contraction that result in 

twisting body motions), dysphagia (difficulty in swallowing), dysarthia (slow and 

slurred speech that is difficult to understand), hyperkinesia (increased motor 

movements) and hypokinesia (reduced motor movements) (Ranen, 2000). 

Research suggests that the motor disturbances found in people with HD are 

disorders in the timing of a movement (Churchyard et al., 2001). Music has been 

shown to facilitate movement in people with traumatic brain injuries as well as other 

basal ganglia disorders such as Parkinson’s disease (PD) (Thaut, Miltner, Lange, 

Hurt, & Hoemburg, 1999; Thaut, et al., 1996; Clair & O’Konski, 2006). While the 

research using music to facilitate movement is quite extensive in the aforementioned 

cases, research remains limited in regards to persons with HD. The research is also 

limited in duration of the interventions. The two major studies (Thaut, Miltner et al.,  



1999; Churchyard et al., 2001) were conducted over the course of a single day. This 

researcher could not find a single study regarding the use of music as a prolonged 

intervention with persons with HD. Secondly, the researchers in the two 

aforementioned studies did not use preferred music; rather both used a metronome 

and the Thaut, Miltner et al. study used non-familiar music with their participants. In 

addition the latter study suggested that persons with HD are unable to entrain to an 

external auditory cue. Entrainment is defined for the sake of this study as the ability 

to match rhythm with an external source. 

This researcher has observed clients clapping along to familiar music and 

displaying ability to synchronize claps to the beat when they do so. Since it has been 

shown that persons with HD can learn new motor tasks (Smith & Shadmehr, 2004), 

the hypothesis that emerged was that it may be possible for people with HD to 

improve their gait by practicing it using an auditory cue and perhaps preferred music 

may have an effect. 

This purpose of this study was two-fold. One was to test the effects of 

prolonged rhythmic entrainment training exercises on the gait patterns of persons 

with HD. The second was to explore the effects of preferred music, metronome and 

non-preferred music on the gait of persons with HD. If music can be used to even the 

gait cadence or increase fluidity of motion in people with HD then perhaps music 

can be used as part of a physical therapy regimen. Additionally, if music is shown to 

improve gait then it would be important to determine which auditory stimuli would 

work best. The questions that were sought to be answered were as follows: What are 

the effects of practicing entrainment with preferred music on gait? What are the  



effects of different stimuli on cadence, velocity and stride length? What are the 

effects of the different stimuli on the quality of movement? 

 



REVIEW OF LITERATURE 

Diagnosis 

Huntington’s disease (HD) is an autosomal dominant genetic disorder that 

affects 4.1 to 7.5 people per 100,000 (Paulsen & Robinson, 2001). HD is caused by 

an expanded trinucleotide repeat (cytosine, adonine and guanine: CAG) in a gene on 

chromosome four. This pattern of CAG repeats 10 to 35 times in a specific location 

with the gene encoding a protein called huntintin in persons without HD. If the 

sequence repeats 36-39 times it is considered to be an intermediate size, which may 

or may not lead to symptoms during a normal lifespan. A repeat of the trinucleotide 

sequence 40 times or above will always cause HD unless the person dies prematurely 

from some other cause. It should be noted that some persons have presented with HD 

symptoms but have not had the expansions of the trinucleotide repeat. This tends to 

be explained as another illness that has yet to be identified or a somatic disorder. 

Description 

Persons with HD present with three primary symptoms: motor disturbances, 

cognitive impairment and psychiatric features (Paulsen, Ready, Hamilton, Mega, & 

Cummings, 2001). Although all symptoms will be present in every patient, the 

severity of the symptoms can vary significantly from person to person. The length of 

the trinucleotide sequence or the presence of two affected alleles has not been shown 

to increase the severity of symptoms. 

The course of the disease is divided into three stages: early, middle and late 

(Ranen, 2000). Persons in the early stages of the disease often do not show motor 

disturbances. Rather, symptoms present in the early stages of the disease include  



deficits in executive functioning, memory retrieval and psychomotor speed 

(Campodonico et al, 1998). People may have trouble keeping a job, difficulty with 

impulse control, difficulty in maintaining healthy social relationships and an overall 

loss of sound judgment. 

During the middle stage, the chorea (irregular jerky body movements) 

becomes prominent (Ranen, 2000). In addition, affected persons develop increasing 

difficulty performing voluntary motor activities with their limbs, and develop 

worsening of dysarthia and dysphagia. Cognitive deficits will also increase. The 

person will not be able to hold a job or carry out most activities of daily living 

(ADL). 

Persons in the late stages of the disease may have severe chorea or be rigid 

and bradykinetic (Ranen, 2000). Typically, individuals are nonverbal and bed ridden. 

Although they will have a more global dementia, individuals appear to retain a 

significant degree of comprehension. Additional psychiatric disorders can appear at 

any time during the course of the disease, with the most common symptoms being 

depression, irritability, anxiety, apathy and obsession. In the end, affected persons 

are unable to feed themselves and develop complications such as weight loss, 

aspiration pneumonias, and skin breakdown. 

No cure or treatment has been proven to prevent or slow the course of the 

disease (Sutton, Brown, & Suchowersky, 2000). However, many interventions are 

used to address the symptoms. Symptomatic treatments can help to reduce chorea 

and psychiatric symptoms such as irritability. This can help improve mood and 

thereby improve the quality of life.  



The majority of movement disorders are a result of disturbances in basal 

ganglia function (Wichmann & DeLong, 1998). Hyperkinetic disorders, such as HD, 

encompass a wide variety of movements in varying degrees of severity. In HD, 

striatal projection neurons degenerate early in the course of the disease. Striatal 

projection neurons are the most common type of neuron found in the striatum. The 

striatum 1s the subcortical part of the telencephalon and acts as the major input 

station for the basal ganglia. The degenerative process of these neurons follows a 

nonrandom sequence which may be responsible for the development of the chorea. 

Gait Disorder 

The gait disorder in persons with HD is a characteristic feature of the illness 

and is believed to a disorder in timing (Churchyard et al., 2001; Bilney, Morris, 

Churchyard, Chiu, & Georgiou-Karistanis, 2005). Significant difficulty with walking 

usually appears five to twelve years after the onset of symptoms (Koller & Trimble, 

1985). However, subtle gait abnormalities are evident much earlier. Patients 

experience large lateral deviations from side to side. In both the rigid and choreic 

forms of the disease, patients report difficulty turning. Swaying, increased double 

limb support, wide based stance, a variable swing-phase speed cycle and imbalance 

are often seen. 

People with HD often exhibit a gait pattern with Parkinsonian features. These 

features include difficulty in initiation of movements, fluidity in turning, small 

shuffling steps and reduction of associated movements of the arms (Churchyard et al. 

2001). In stride to stride comparisons to persons with Parkinson’s disease (PD), 

researchers found that the ability to maintain gait cycle timing was diminished in  



both persons with PD and those with HD when compared to a control group 

(Hausdorff, Cudkowitz, Firtion, Wei & Goldberger, 1998). Gait speed was 

significantly lower in patients with PD than with HD. In addition, the variability in 

the gait patterns was positively correlated to the severity of the disease in both HD 

and PD subjects. 

Although patients with HD demonstrate exaggerated movements while 

walking, they tend to walk more slowly than persons with normal functioning 

(Koller & Trimble, 1985). This is due to a combination of fewer steps, reduced stride 

length and a variable cadence (Bilney et al., 2005). The increased variability has led 

researchers to hypothesize that people with HD have a deficit in the central brain 

mechanisms that control timing. Also suggestive of a central timing disorder is that 

persons with HD have difficulty synchronizing their steps to an external auditory cue 

(Thaut, Miltner, et al., 1999). However, another study that compared the ability of 

patients with HD to synchronize their gait to a metronome with an age matched 

control group with no history of gait abnormality found no statistically significant 

difference in the ability to entrain their gait to an external auditory cue (Churchyard 

et al., 2001). 

Other Motor Disturbances 

Most studies concerned with voluntary motor impairment in HD have 

focused on akinsia and bradykinesia (van Vugt et al. 2001). Studies have found that 

even with the presence of chorea persons with HD experience a reduction in the total 

amount of movements. In addition, the extent of hypokinesia has been shown to be 

positively related to the level of functional impairment. When compared to a healthy  



control group, persons with HD have demonstrated the need for more time in motor 

initiation and execution (van Vugt, et al. 2004). 

Motor overflow, the involuntary activity in the homologous muscles of the 

opposite side of the body during voluntary muscle contraction, has been reported in 

patients with HD (Georgiou-Karistianis et al., 2004). For example if a person is 

raising her left arm the right arm may be raised as well. Motor overflow, while 

present and normal in children under ten years of age, is typically not found in 

healthy adults. In a comparison study with a non-HD control group, researchers 

found significantly less intracortical inhibition in the patients with HD, thus making 

it easier for messages to pass to both sides of the spinal cord in response to a 

movement originating on one side of the cortex. This may be the result of an 

inability to inhibit the ipsilateral (same side) corticospinal tract, nerves on each side 

of the central nervous system that run from the sensorimotor cortex through the 

brainstem to motor neurons. 

Abnormal movements (chorea) can be suppressed using neuroleptic agents 

(Ondo, Tintner, Madhavi, & Jankovic, 2002; Bonelli & Hofmann, 2004). However, 

people taking them have been observed to have a more pronounced hypokinesia than 

those not taking these agents (van Vugt et al., 2001). Pharmacological treatment of 

the gait disorder associated with HD has received little attention (Bonelli, Wenning, 

& Kapthammer, 2004). As a result most of the interventions for gait have been non- 

pharmacological.  



Restorative Therapies 

It is perceived that people with HD will benefit from restorative therapies 

(Bilney, Morris, & Perry, 2003). Although many patients with HD have been 

referred to physical and occupational therapies, little is known about the efficacy of 

such interventions (Bonelli et al., 2004; Bilney et al., 2003). Bonnelli et al. suggest 

that physical therapy treatments have been effective in treating symptoms of PD. 

Consequently, they suggest that treatments should focus on teaching patients with 

HD strategies for overcoming hypokinesia. These should be attentional strategies 

that focus on walking with long steps, writing with long strokes or reaching forward 

with a large hand grasp. Higgins (2006) suggests that initial physical therapies 

should address fitness. Middle and late stage interventions should focus on 

ambulation and wheelchair use, respectively. 

Music in Physical Rehabilitation 

Studies have arisen around the use of music in physical rehabilitation (Thaut, 

Kenyon, Schauer, & McIntosh, 1999). Rhythm has been shown to be a strong cue for 

motor functioning with great success. The physiological mechanisms are based on 

the interactions between the motor and auditory systems and have demonstrated that 

rhythmically structured sound patterns can entrain muscle activation. In addition, 

music has been shown to cue volitional movement in other basal ganglia disorders 

(Miller, Thaut, McIntosh, & Rice, 1996; Thaut et al., 1996). 

People with PD and healthy adults can synchronize their gait to an external 

auditory source (Bilney et al., 2005; Thaut, McIntosh, McIntosh, & Hoemburg, 

2001). In persons with late stage dementia, the results are less conclusive (Clair &  
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O’Konski, 2006). Clair & O’Konski found that people with significant dementia may 

be able to entrain their gait to an external auditory source. However, the patients’ 

gait cadence may have been a result of a healthy stand-by assistant. 

Music Therapy 

Little has been written about music and/or music therapy and Huntington’s 

disease. Research suggests that the use of external rhythms can help to cue volitional 

movements (Thaut, Miltner et al., 1999). However, many of the other aspects of the 

disease can be addressed by music therapists. Aldridge (2001) suggested that music 

therapy interventions should focus on psychosocial wellbeing and interpersonal 

connectedness. Giffin and Meyer (2006) suggested a music therapy approach based 

on seven hope-fostering categories. Herth (1999) identified these categories as 

follows: interpersonal connectedness, attainable aims, a spiritual base, affirmation of 

worth, personal attributes, uplifting memories and light-heartedness. A music 

therapist can use a variety of approaches to foster interpersonal connectedness, to 

affirm one’s worth or creating spiritual base. This can create a sense of purpose in 

one’s life and in turn elevate mood. 

A study by Thaut, Miltner, et al. (1999) demonstrated that persons with HD 

can modulate their velocity according to auditory stimulus. However, the study also 

demonstrated that persons with HD experience difficulty entraining to external 

auditory cues. In addition, persons with HD responded better to rhythmic cuing, such 

as a click or metronome, than to music with various harmonies and melodies. Their 

findings were reinforced by Churchyard et al. (2001) who found that people with HD 

have a difficult time matching or entraining to an external auditory source. In  
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addition, they suggested that an excessive variability of amplitude and timing exists 

in the movement of persons with HD. Bilney et al. (2004) suggest that this is due to a 

deficit in locomotor timing. 

Variables 

It should be noted here that the reason people with HD may have difficulty 

entraining may be due to impaired startle reflex (Swerdlow et al., 1995). 

Sensorimotor inhibition, sometimes called gating, can be measured using the startle 

reflex. Prepulse inhibition (PPI) is an operational measure of gating. The degree to 

which the involuntary startle response is inhibited by a weak prepulse reflects the 

amount of reported gating. PPI appears to reflect inhibited gating processes. PPI and 

startle reflex can be quantified in people from the eye blink component of the reflex. 

The authors state that patients with HD are impaired in their ability to normally 

inhibit a reflex response to an intense auditory or tactile stimulus. They caution that 

this may be due to several other factors. First, it is possible that the loss of PPI in 

patients with HD is a result of factors not directly related to the pathophysiology of 

HD, such as weakness or inability to detect an auditory prepulse. Secondly, it is 

possible that the cognitive impairment associated with HD might be accompanied by 

attentional deficits. This could affect response times and consequently affect the 

activation of movement. 

Koller and Biary (1989) found that persons with HD are able to control 

involuntary movement. In addition, the basal ganglia may play an essential role in 

the development of automatic or semiautomatic behaviors that underlie habits in 

everyday life (Graybiel & Kubota, 2003). When damaged, it may inhibit the  
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acquisition of new learned behaviors. However, people with HD have demonstrated 

the ability to learn compensatory strategies in movement (Smith & Schadmehr, 

2004). A study by Fielding, Georgiou-Karistiani, Millist, & White (2006) illustrated 

that persons with HD can respond to visual cues. This study showed improved 

saccadic (lateral eye movement) control following cuing. 

Given this information, the following research questions can be asked: What 

are the effects of practicing entrainment with preferred music on gait? What are the 

effects of different stimuli on cadence, velocity and stride length? What are the 

effects of the different stimuli on the quality of movement? Based on the review of 

the literature and the author’s previous work with a number of HD subjects the 

author hypothesized that it would be possible to increase entrainment to an external 

auditory cue and that preferred music may have an effect. 

 



METHODS AND PROCEDURES 

Design 

The study utilized a mixed method research approach, using both quantitative 

and qualitative data. The quantitative portions utilized a pre-experimental design to 

measure cadence, velocity, stride length and the degree of entrainment. The five 

participants received a pre-test, followed by three weeks of rhythmic entrainment 

exercises and a post-test. The trials were then evaluated via DVD recordings by a 

physical therapist and a music therapist who was not the primary researcher. The 

qualitative portion consisted of subjective evaluation of gait pattern of the 

participants. This was done solely by the physical therapist. 

Participants 

The five participants were recruited voluntarily per individual and/or family 

request from the HD specialty unit at a single long-term care facility in the Midwest. 

For safety purposes, all of the participants had to be able to ambulate independently 

and receive nursing approval to be able to participate, consequently limiting the size 

of the study group. The participants were offered the opportunity to refuse or stop at 

any time during the study. The research study was approved by both the institutional 

review board at St. Mary-of-the-Woods College and the ethics committee at the 

long-term care facility. Consent to participate in the study was given by the 

participants or their legal guardians (see appendices for forms).  



Procedures 

The pre-test began with a videotaped baseline assessment that measured the 

cadence, stride length and velocity of each participant without music by the primary 

researcher. The procedures for measuring these are outlined in the Training Manual 

Jor Neurologic Music Therapy (Thaut, 1999). The participants were instructed to 

walk at their preferred tempo for 20 meters. The first and last five meters were not 

counted in attempt to avoid acceleration and deceleration discrepancies. The number 

of steps was counted. Time was measured by calculating how long it takes them to 

walk 10 meters. The time of the trial was divided into 60 and multiplied by the 

number of steps to calculate the cadence. 

60/ time (sec) x steps= Cadence 

Velocity was calculated by taking the time of trial, dividing it into 60 and 

multiplying it by the distance traveled. 

060/. «| “time (sec) x distance (10 meters) = Velocity (meters per min) 

Stride length was calculated by taking the velocity dividing it by the cadence 

and multiplying it by two. 

Velocity ~~ (meters/min)/Cadence  (steps/min) x 2= Stride Length 

Once the cadence was calculated, the researcher instructed the participants to 

walk the same twenty meters with three stimuli: 1) a metronome set at the 

participants’ baseline cadence, 2) non-preferred music, an accompaniment pattern 

being played through a Yamaha Portable Electric keyboard model PSR-150 at the 

participants’ baseline cadence and 3) preferred music, recorded compositions of the 

clients’ stated favorite musicians at or near the participants’ initial baseline cadence,  
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as the songs would not be exact. These variables were presented in a random order to 

account for any learning or practice that may have occurred. Velocity, cadence and 

stride length were measured for all three variables. A five minute rest followed each 

trial to control for fatigue. 

The treatment phase consisted of rhythmic entrainment exercises that were 

conducted under the supervision of the primary researcher at participants’ residences 

for three weeks. Sessions were typically a half-hour in length. The motor 

entrainment exercises included walking, swinging arms in time, clapping and toe 

tapping to preferred music. Sessions occurred at the various times throughout the 

day, three times per week for three weeks. At the conclusion of the three weeks, 

participants underwent the post-test (same procedure outlined in the baseline). The 

post-test was held at the same time of day as the initial evaluation. 

Equipment 

Equipment used included Yamaha Portable Electric keyboard model PSR-150, 

Sony CD Walkman Model No. D-EJ611, Fender Keyboard Extended Range 

Amplifier 60, Sportline Stopwatch, Cannon Video Camera, Maxell DVD-R discs and 

a Sabine Metrotune MT9000 metronome. 

 



RESULTS 

Results 

The participants ranged in age from 37-53, with an average age of 45. Mini- 

mental status exam (MMSE) scores ranged from 20-24, with an average of 22.5. 

This is indicative of some cognitive impairment, however, two participants displayed 

no cognitive deficits with MMSE scores greater than 23. Medications the 

participants were taking during the time of the study included olanzapine, sertraline, 

propranolol, benztropine, risperidone, valproic acid, clonazepam, lorazepam, 

tolterodine, and citalopram. 

The Sabine Metrotune MT9000 metronome was played through the Fender 

Keyboard Extended Range Amplifier 60 in order for the participants and observers 

to hear the metronome clearly. Clients’ non-preferred music was played by an R&B 

rhythm track on the Yamaha Portable Electric keyboard model PSR-150 played 

through the Fender Keyboard Extended Range Amplifier 60. Clients’ preferred 

music was played on the Sony CD Walkman Model No. D-EJ611 through the Fender 

Keyboard Extended Range Amplifier 60. Clients’ cadence was calculated using a 

Sportline Stopwatch. Clients were recorded on Maxell DVD-R discs through a 

Cannon Video Camera. 

The proportion of steps that were entrained to the three external auditory 

stimuli was evaluated via DVD review by both the music and physical therapist. 

During the baseline procedure, the music therapist found that the average proportion 

of steps entrained to a metronome was 69.7%, the average proportion of steps 

entrained to non-preferred music was 63.28% and the average proportion of steps  



entrained to preferred music was 54.24%. The music therapist found an average 

proportion of 63.74% of the steps to be entrained to an external auditory source. The 

physical therapist found the average proportion of steps entrained to a metronome 

was 95.46%, the average proportion of steps entrained to non-preferred music was 

74.57% and the average proportion of steps entrained to preferred music was 

67.42%. The physical therapist found an average proportion of steps to be 

synchronized to an external auditory source to be 79.15% (see table 1). 

The proportion of steps that were entrained to an external auditory source was 

again evaluated via DVD by both the music therapist and physical therapist for the 

post-test. The music therapist found that the average proportions of step in 

synchronization were 59.25% to the metronome, 62.78% with non-preferred music 

and 67.82% with preferred music. The music therapist found an average proportion 

of steps to in synchronization with the external auditory source to be 63.28%. The 

physical therapist found the average proportion of steps entrained to various auditory 

stimuli was 89.18% with a metronome, 67.04% with non-preferred music and 

79.52% with preferred music. The average proportion of steps entrained throughout 

all the variables was 78.58% (see table 1). 

Following evaluation of the initial session the mean cadence was found to be 

102 beats/steps per minute without music, 106 beats/steps minute with a metronome, 

105 beats/steps per minute with non-preferred music and 104 beats/steps per minute 

with preferred music. The collective mean cadence using all variables was 104 (see 

table 2). The mean velocity without music was 54.4 meters per minute, with a 

metronome 57.4, with non-preferred music 51.1 and with preferred music 47.5. The  



collective mean using all variables was 55.5 meters per minute (see table 3). The 

mean stride length without music was 1.04 meters, 1.07 meters with a metronome, 

.95 meters with non-preferred music and .89 meters with preferred music. The mean 

stride length through all variables was .99 meters (see table 4). 

During the final evaluation the mean cadence was 97 beats/steps per minute 

without any auditory stimuli, 109 beats/steps per minute with a metronome, 119 

beats/steps with non-preferred music and 112 beats/steps with preferred music. The 

mean cadence through all of the variables was 109 beats/steps per minute (see table 

2). The mean velocity without music was 49.96 meters per minute, 57.38 with a 

metronome, 59.58 with non-preferred music and 60.19 with preferred music. The 

mean velocity through all the variables was 56.78 meters per minute (see table 3). 

The mean stride length without any auditory stimuli was 1.01 meters, 1.04 meters 

with a metronome, .97 meters with non-preferred music and 1.06 with preferred 

music. The mean stride length through all the variables was 1.02 meters (see table 4). 

Table 1-Percentage of Entrained Steps 

  

With With Non- With Preferred | All 3 Variables 

Metronome preferred Music 

Music 

Pre- Post- Pre- Post- | Pre- Post- | Pre- Post- 
  

Music 69.7 1359.23 63.28 | 62.78 | 54.24 | 67.83 | 63.74 | 63.28 
Therapist 
    Physical 95.46 | 89.18 | 74.57 | 67.04 | 67.42 79.52 | 79.15 | 78.58 
Therapist                      



Table 2-Mean Cadence:Steps per Minute 

  

No stimuli Metronome Non- 

Preferred 

Music 

Preferred 

Music 

All 

variables 

  

102 106 105 104 104 

  

    97 109     119   112   109 

  

Table 3-Mean Velocity: Meters per Minute 

  

No stimuli Metronome Non- 

Preferred 

Music 

Preferred 

Music 

All 

variables 

  

54.4 57.4 51.1 60.19 55.5 

  

    49.96 57.38     59.58   60.19   56.78 

  

Table 4-Mean Stride Length in Meters 

  

No stimuli Metronome Non- 

Preferred 

Music 

Preferred 

Music 

All 

variables 

  

1.04 1.07 95 .89 99 

  

    1.01   1.04 97         

  

  

  

 



Data Analysis 

Data was analyzed using Chi square test, various correlations and ANOVA 

(analysis of variance single factor). Variables were tested for normalcy. The 

Kolmogrov-Smirnov test for normal distribution was used and was inconclusive. 

However the correlation tests of four residuals looked normally distributed and this 

indicates the correlation tests were appropriate. 

Comparing the average of proportions of steps in sync, neither the music 

therapist nor the physical therapist found statistically any change in proportions of 

steps in sync with outside stimulation from pre- to post-test. A chi squared test for 

independence was used to test whether the proportion of steps in sync are 

independent from the other types of sound stimulation, comparing the different 

stimuli, metronome, preferred and non-preferred music. The music therapist’s data 

yielded no significant differences between the stimuli (p=0.56 compared to expected 

p value no high than .05). However, using the same test to compare the different 

stimuli, the physical therapist found that walking with a metronome significantly 

increases the chances for step synchronicity (with a p value < 001). 
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Data was also analyzed to determine whether the type of the music made an 

impact on any of the variables: velocity, stride length and cadence. While the 

collective means across all three variables had increased, the impact of the type of 

music was not significant. 

Figure 3 
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Correlations were run on velocity, stride length and cadence. It was found that 

stride length and velocity were correlated both before and after (r = 0.95). In other  
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words velocity is more strongly correlated to stride length than cadence. This would 

be consistent with the shuffling gate and festinating of pace seen in persons with HD. 

The other variables, cadence and stride length (r= 0.65) and velocity and cadence 

(r=0.80) appear correlated, however, the sample size was quite small. 

Figure 6 
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Figure 7 

  

cadence vs. stride length 
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Figure 8 
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Two sided (conservative) correlations were run between the stimuli for the 

pre- and post-tests. If the p-value <.05, it is considered significant. In addition, if the 

r value is above 0.8783 it is significant. If “r” is above 0.9587, it is considered highly 

significant. During the pretest, the r-value of the correlations between stimuli and no 

stimuli for cadence was as follows: no stimuli vs. metronome-0.67, no stimuli vs. 

non-preferred Music-0.85 , no stimuli vs. preferred music- 0.89, metronome vs. non- 

preferred music-0.48, metronome vs. preferred Music-0.51 and non-preferred music 

vs. preferred music-0.618. The r-values of the correlations between stimuli and no 

stimuli and stimuli for cadence during the post-test was as follows: No stimuli vs. 

metronome-0.78, no stimuli vs. non-preferred music-0.21, no stimuli vs. preferred 

music-0.79, metronome vs. non-preferred music-0.73, metronome vs. preferred 

music- 0.99 and non-preferred vs. preferred music-0.70 (see table 5).  



Table 5 R-value Cadence 

  

No Stimuli 

VS. 

Metronome 

No 

Stimuli 

vs. Non- 

preferred 

Music 

No 

Stimuli 

VS. 

Preferred 

Music 

Metronome 

vs. Non- 

Preferred 

Music 

Metronome 

VS. 

Preferred 
Music 

Non- 

Preferred 

Music vs. 

Preferred 

Music 
  

0.67 0.85 0.89 0.48 0.51 0.61 

  

0.78 0.21 0.79 0.73 0.99 0.70                   

During the pre-test, the r-value of the correlations between the stimuli and no- 

stimuli and stimuli for velocity was: no stimuli vs. metronome- 0.83, no-stimuli vs. 

non-preferred music- 0.85, no stimuli vs. preferred music- 0.56, metronome vs. non- 

preferred music-0.94, metronome vs. preferred music-0.85 and non-preferred music 

vs. preferred music- 0.75. During the post-test, the r-value of the correlations 

between stimuli and no stimuli and stimuli for velocity was as follows: No stimuli 

vs. metronome- 0.66, no stimuli vs. non-preferred music-0.40, no-stimuli vs. 

preferred music- 0.58, metronome vs. non-preferred music-0.93, metronome vs. 

preferred music-0.95 and non-preferred music vs. preferred music-0.96 (see table 6). 

Table 6 R-value Velocity 

  

No Stimuli 

VS. 

Metronome 

No 

Stimuli 

vs. Non- 

preferred 
Music 

No 

Stimuli 

VS. 

Preferred 

Music 

Metronome 

vs. Non- 

Preferred 

Music 

Metronome 

VS. 

Preferred 

Music 

Non- 

Preferred 

Music vs. 

Preferred 

Music 
  

0.83 0.85 0.56 0.94 0.84 0.75 

    0.66     0.40   0.58   0.93   0.95   0.96 
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During the pretest, the r-value of the correlations between stimuli and stimuli 

and no-stimuli for stride length was: no stimuli vs. metronome- 0.84, no stimuli vs. 

non-preferred music-0.56, no stimuli vs. preferred music- 0.12, metronome vs. non- 

preferred music-0.75, metronome vs. preferred music-0.49 and non-preferred music 

vs. preferred music-0.81. The post-test r-values for stimuli and no stimuli and stimuli 

were as follows: No stimuli vs. metronome-0.57, no stimuli vs. non-preferred music- 

0.67, no stimuli vs. preferred music-0.71, metronome vs. non-preferred music-0.86, 

metronome vs. preferred music-0.91 and non-preferred music vs. preferred music- 

0.93 (see table 7). 

Table 7 R-Value Stride Length 

  

No Stimuli 

VS. 

Metronome 

No 

Stimuli 

vs. Non- 

No 

Stimuli 

VS. 

Metronome 

vs. Non- 

Preferred 

Metronome 

VS. 

Preferred 

Non- 

Preferred 

Music vs. 

Preferred | Music 

Music 

Preferred 

Music 

preferred Music 
Music 
  

0.84 0.56 0.12 0.75 0.49 0.81 

    0.67 0.71 0.86 0.91 0.93               

It would be expected that a correlation would exist between the initial 

calculated cadence and the metronome and the initial calculated cadence and non- 

preferred music as the assessment determines the exact speed of the metronome and 

the non-preferred music being played on the synthesizer. However, it was not 

expected that the stimuli would be correlated for velocity and stride length on the 

post-test. Even more unexpected would be that they are more strongly correlated 

than stimuli with no-stimuli. While auditory stimuli have not demonstrated any   
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significant impact on entrainment, stride length, cadence or velocity, the correlations 

found amongst the various stimuli may suggest an impact on the quality of 

movement. 

Subjective Gait Analysis 

The physical therapist also evaluated the gait patterns of each participant. For 

the sake of anonymity the participants will be identified by A, B, C, D and E and 

referred to as “her.” During the pre-test baseline assessment, client A was observed 

to have an even cadence and even arm swing. Client A had some related arm motion. 

Client A was also observed having a decreased postural sway and increased 

acceleration. With preferred music, the PT observed client A having an increased 

pace, increased swing, equal stride length and improved trunk control. With non- 

preferred music, client A demonstrated good trunk control and an even stride length 

and cadence. With a metronome, client A’s gait was more synchronized, however it 

was less fluid than with preferred music. 

During client A’s post-test baseline walk, the physical therapist observed good 

trunk control and very symmetrical movement, increased from the pre-test. While 

walking with a metronome and non-preferred music, client A’s gait showed an 

increased rhythmic quality when compared to the pre-test. However, the most 

symmetrical and fluid movements were observed while client A was walking to 

preferred music. 

As client B was walking for her pre-test baseline assessment, she used an 

external support, a railing, to assist her. She had a prolonged stance and 

demonstrated difficulty advancing, taking long pauses throughout the walk. With  



both preferred music and non-preferred music, client B was observed to have an 

increased pace and unstable trunk control. Client B demonstrated the most fluid gait 

while walking to a metronome. She had increased entrainment and a more even pace 

when compared to the other two stimuli. It should be noted that client B did not use 

any external support while all three auditory stimuli were present. 

The physical therapist observed unequal step length and an uneven cadence 

during client B’s post-test baseline evaluation. It should be noted that she did not use 

an external support for this trial. During the preferred and non-preferred music trials, 

client B’s movements were more fluid than baseline. Client B demonstrated less 

acceleration, more even and increased symmetrical initiation of lower extremity 

advancement. While walking with a metronome, client B had an equal stride length. 

She also had an increase in symmetry and pace when compared to the other stimuli. 

Client did not have any related arm swing while walking either with or without 

auditory stimuli. 

While walking during the pre-test baseline, client C was observed to a fairly 

even pace with some deceleration, some related arm swing and an equal stride 

length. Under all three stimuli, client C had a similar gait quality with regards to 

stride length, steps and cadence. The physical therapist observed the most fluid gait 

while client C was walking with her preferred music. 

During the post-test evaluations, client C presented with a broken arm and this 

may have affected her related arm swing and overall fluidity of gait. Client C’s 

demonstrated an increased shuffling, less foot clearance and an uneven pace during 

her baseline assessment. Under all three stimuli, client C demonstrated an equal  



stride length. With a metronome, client C demonstrated an unequal cadence but 

equal stride length. 

In client D’s initial baseline assessment, she was observed having an almost 

equal stride length and cadence with some related arm swing. With non-preferred 

music, she had less of a normal gait pattern. With a metronome, she had slower 

initiation of movements and decreased related arm swing. With preferred music, she 

displayed increased step symmetry, more controlled movement, increased pace, 

equal stride length and cadence. 

In posttest evaluations, client D continued to display no related arm swing 

without music. In both the preferred and non-preferred music situations, client D was 

observed having an increase in spontaneity and initiation of movements as well as 

increased trunk control when compared to the metronome accompaniment alone. 

Client E was observed having no related arm swing, uneven stride length, 

uneven speed, uneven step width, choreiform movements and difficulty in 

controlling acceleration and deceleration. Similar gait features were observed with 

non-preferred music. With preferred music, client E demonstrated a more even pace 

and increased right/left symmetry. However, she continued to display difficulty in 

controlling acceleration and deceleration. With a metronome, her gait became more 

fluid and yielded the most normal gait pattern. 

Following the treatment, client E was observed to have similar gait 

characteristics as in the initial baseline. While walking with preferred, music client 

E’s motions were more symmetrical and she displayed fairly rhythmic initiation of 

her lower extremities. While walking with non-preferred music, her motions were  
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less fluid; she had an uneven pace and an increase in step outside her base of support. 

As in the pre-treatment phase, her most fluid movement came when she was 

accompanied by a metronome. She increased related arm swing and stride length. 

Figure 9 
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Figure 12 
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Figure 14 
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CONCLUSIONS, DISCUSSIONS AND RECOMMENDATIONS 

Conclusions 

The research questions in this study were as follows: What are the effects of 

practicing entrainment with preferred music on gait? What are the effects of different 

stimuli on cadence, velocity and stride length? What are the effects of the different 

stimuli on the quality of movement? Based on physical therapist observations, this 

study appeared to reach the same conclusion as the Thaut, Miltner et al. (1999) 

study; that persons with HD can entrain better to a metronome than to any other 

stimuli. In other words it was not easier to entrain to preferred music. Although, the 

posttest showed an increase in entrainment when walking with preferred music, the 

results were not statistically significant. The collective means of cadence, velocity 

and stride length had also increased from pre-test to post-test, however these results 

were not statistically significant either. Additionally this small study showed a 

subjective benefit in movement quality when walking with music, e.g. client B using 

external support during the initial baseline but using no external support at 

subsequent trials. The physical therapist also observed that the different stimuli may 

affect the gait patterns of individuals in different ways. For example, two people had 

more fluid motions while walking with a metronome and two different individuals 

had more fluid motions while walking with their preferred music. Quality of 

movement also appeared to benefit from entrainment exercises as evidence by the 

physical therapist consistently rating the movements higher in the post-test trial 

during blind review.  



Discussions 

This study did not show evidence of a significant benefit of music therapy 

with persons with HD. However some positive outcomes were noted in some of the 

participants. Although entrainment was not increased during the course of the study, 

it did not decrease. In addition, the entrainment exercises may or may not have had 

an effect on entrainment, cadence, velocity, and stride length. Cadence, velocity and 

stride length did increase but not significantly. Because the participants did not 

express a decline in functioning from the beginning to the end of this study and since 

HD is a degenerative disease, it may be possible to use a metronome or other music 

to maintain functioning further into the course of the disease. 

The effect of preferred music also varied from person to person. The different 

stimuli appeared to have a different effect on the fluidity of motion of the 

participants. It is safe to conclude that non-preferred music did not impact gait. 

However, some participants displayed more fluid motions when walking with a 

metronome and others displayed more fluid motions when walking to their preferred 

music. The physical therapist, as well as the primary researcher, concluded that 

proclivity towards music appreciation may determine the optimal method in working 

with persons with HD. 

Recommendations 

This study was very limited in scope. Only five people participated and they 

were in the middle to late stages of HD. Consequently, their gait and other motor 

functioning were significantly impaired. Future improvements in study design could 

include researching the participants’ music background. The researchers did not  



2 CC assess the participants’ “musicality” prior to the study. A more thorough 

understanding of the lifelong role of music in their lives, as well as their preferred 

music, would be helpful. Other improvements would be the inclusion of subjects in 

the earlier stages of HD would also be recommended. These subjects may have a 

greater ability to incorporate and utilize new information, and thus might show 

greater benefits than the mid- to late-stage patients we studied. The MT and PT 

interpretations of entrainment varied significantly. To address the discrepancy in 

reported synchronization, various tools and computer programs that are available 

could be used to measure synchronization objectively rather than subjectively. Most 

importantly a larger sample size would be necessary to provide the power to achieve 

statistically significant results. 
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APPENDICES 
Appendix 1 

The Effect of Preferred Music and Entrainment Exercises on the Gait of Persons with 

Huntington’s Disease 

You are invited to participate as a volunteer in a study that examines the effect of exercising to 

music on the gait of people with Huntingtons disease (HD). We hope to learn if extended exercises 

increase a person with HD’s ability to synchronize their steps to external auditory cues. 

If you decide to participate you will be asked to come to the Center for Excellence or University 

Good Samaritan Center for a videotaped gait assessment. At this time bring several CD’s or tapes of 

your favorite music to walk with. You will be asked to walk for twenty meters without any auditory 

cue. Following, you will be asked to walk with a metronome, unknown music and favorite music. 

Following the assessment you will be given a series of exercises to do with music and a 

metronome at your place of residence. These exercises include walking with music, marching in a 

chair and arm swinging. You will be asked to keep a log of when, if and how long you did the 

exercises. A music therapist will visit you two times per week for three weeks to monitor the 

exercises. Following the three week period you will be asked to come into the Center for Excellence 

or University Good Samaritan Center for another videotaped evaluation. 

It is important to stress at this time that this study is only intended to measure synchronization. It 

should not be considered a treatment or a cure. Risks include the potential for falling while walking: 

however, if you experience difficulty walking a physical therapist, physical therapy assistant or a 

restorative nurse will be present during the assessment phases and you will not be asked to walk at 

home. Benefits of the study include the possibility of using music as a cue to help regulate gait. 

Any information that is obtained in connection with this study will remain confidential. All 

participants will be identified by code and your written name will not appear on the video or written 

data-gathering information. Participant information will kept in a locked file cabinet in the 

researcher’s office. Only the primary and secondary researcher will have access to the cabinet. Video 

and patient information will be destroyed nine months after the study, unless permission is granted 

otherwise (see video release form). If you are interested in having a copy of your individual results  



please notify the researcher at the time of the final assessment. The results of the study will be 

submitted for publication; data will be presented in aggregate form and no individual data will be 

presented. 

You are free to withdraw from this study at any time without consequence. If you have any 

questions regarding this study feel free to contact the researcher, Peter Meyer, MT-BC, NMT at 

University Good Samaritan Center, 22 27" Ave. SE, Minneapolis, MN 55414, (612) 332-4262 ext. 

373 or mgroovemaster@cs.com or Tracy Richardson (academic adivisor) at (812) 535-5154 or 

trichard@smwc.edu or SMWC Institutional Review Board chair Dr. Christine Bahr, SMWC, St. 

Mary-the-Woods, IN, 47476; cbahr@smwc.edu or (812) 535-5182. 

Your signature below indicates that you have read and understand this information and that you 

are willing to participate in this study. 

  

Signature of Participant or Guardian 

  

Signature of Researcher ~~ Date 

  

Witness Date 

I have received a copy the video and participation consent forms. 

Signed (Participant or Guardian): 
  

 



Appendix 2 

Video Release Form 

Investigators Name: Peter Meyer, MT-BC, NMT. 

Project Title: The Effect of Preferred Music and Entrainment Exercises on the Gait of 

Persons with Huntington’s Disease 

  

  1, , give Peter Meyer permission to videotape me for purposes of 

research at University Good Samaritan Center/Minneapolis Center for Excellence (Circle 

one). 

I agree to be videotaped for both assessment and post-treatment evaluation. Videos will 

be stored in a locked cabinet in a locked office at University Good Samaritan Center. I 

understand that I can withdraw my permission at anytime and upon my request the videos 

will be destroyed. I understand that I will not be paid for being videotaped. 

Check one. (If none are checked it is assumed that I want the videos destroyed). 

___ Videos will be destroyed nine months after the study. 

__ Videos may be used for educational purposes in the future. Names or other identifying 

characteristics will not be used. 

I understand that this form will be kept by the researcher and a copy will be given to me. 

Signed (Participant or Guardian): Date:   

Address: 
  

Phone Number: 
  

I have received a copy the video and participation consent forms. 

Signed (Participant or Guardian): 
   



If I have any questions I may contact Peter Meyer at (612) 332-4262 ext. 373 or 

mgroovemaster(@cs.com or Tracy Richardson MS, MT-BC, (Academic advisor), (812) 535- 

5154 or trichard@smwc.edu or SMWC Institutional Review Board chair Dr. Christine Bahr, 

SMWC, St. Mary-the-Woods, IN, 47476; cbahr@smwc.edu or (812) 535-5182. 

 


