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ABSTRACT 

KRISTEN P. BARTA 

USABILITY AND IMPACT OF A NEW MUSIC THERAPY PROGRAM ON WALKING, 

MUSCULAR ACTIVATION, AND SELF-PERCEPTION IN INDIVIDUALS WITH 

PARKINSON’S DISEASE: THE SOAR TOOL 

 

MAY 2018 

 

 Auditory input has been shown to impact sequencing and timing of movement in 

people with Parkinson disease (PD). Rhythmic Auditory Stimulation (RAS) uses a fixed 

beat to which people synchronize their movements. Individuals with PD have shown 

improvements in spatiotemporal parameters with RAS. Patterned Sensory Enhancement 

(PSE) is an enhanced auditory technique which incorporates a musical component to 

impact spatiotemporal parameters and force patterns. The Synchronized Optimization 

Auditory Rehabilitation (SOAR) tool is a new approach created to customize PSE to a 

person in real-time through a software system depending on the impairments presented 

and reaction to the auditory cue. The three purposes of this project were to evaluate the 

validity and interrater reliability of a the SOAR tool, the immediate impact of RAS and 

the SOAR tool on muscular activation of the tibialis anterior and gastrocnemius during 

ambulation, and to answer the question, “Do participants report a higher level of 

satisfaction and motivation when using the SOAR tool as compared to RAS or no 

auditory cue during ambulation?” The participants with PD were tested by the music 

therapist on day one and the physical therapist on day two. The spatiotemporal 

parameters of gait were measured using the Zeno Walkway System and muscular 
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activation was collected and analyzed using a wireless Delsys system. Each participant 

was interviewed on day two and the interviews were transcribed and coded to identify 

emerging themes. The findings showed a high correlation between the SOAR tool and 

RAS and high interrater reliability between the music therapist and physical therapist on 

the measured spatiotemporal parameters of gait. Despite there not being a significant 

change in activation of the muscles during ambulation, all participants reported a 

preference to the musical PSE strategy of the SOAR tool as compared to RAS. The 

resulted indicated that the SOAR tool is a valid and reliable method for administering 

PSE techniques during ambulation in individuals with PD. Music could also be the 

catalyst to improve motivation as well as motion.  
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CHAPTER I 

USABILITY AND IMPACT OF A NEW MUSIC THERAPY PROGRAM ON WALKING, 

MUSCULAR ACTIVATION, AND SELF-PERCEPTION IN INDIVIDUALS WITH 

PARKINSON’S DISEASE: THE SOAR TOOL 

Parkinson’s disease (PD) is a progressive neurological condition resulting from a 

disruption in the basal ganglia. In the United States it is the second leading neurodegenerative 

disease, affecting over 2% of the population 65 years and older. As symptoms begin and 

individuals are diagnosed with PD, a variety of physiological and physical changes develop. The 

disease process will result in a degeneration of the neurons producing dopamine which impacts 

the basal ganglia and leads to four clinical cardinal signs, including rigidity, bradykinesia, tremor, 

and postural instability.1,2 Each impairment impacts a person’s ability to remain safely upright 

and ambulate effectively. The pathophysiology selectively impacts the motor systems while 

leaving the sensory system relatively intact. Auditory cueing can elicit improved motor responses 

during walking in people with PD.3 As the brain recognizes a cue from an auditory process, it 

helps to bypass the dysfunctional basal ganglia that is no longer promoting movement as it 

should.4  

Music therapy has a variety of approaches that use auditory cueing to promote 

normalized movements in people with PD. Rhythmic Auditory Stimulation (RAS) is the most 

basic form of auditory cueing. It has been largely studied in individuals with PD. RAS involves 

the use of a series of beats, given using a metronome, to cue the motor system to move. In people 

with PD, the movement cued typically is observed as an improvement in gait by enhancing step 

initiation, increasing step length, or improving speed during ambulation. In a pilot study, 
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Fernandez del Olmo and Cudeiro4 found that individuals with PD had an immediate increase in 

electromyographic (EMG) activity of the tibialis anterior (TA) and gastrocnemius (G) when using 

RAS compared to no auditory stimulus. The PD group improved in both onset and duration of 

activation while the control group (healthy age matched) did not. Despite the small sample size, 

this study indicates the potential impact that auditory cueing can have on motor activation in a 

person with an impaired motor system.  

Another mode of auditory cueing is Patterned Sensory Enhancement (PSE). This 

technique is delivered by a music therapist through a compositional song. The success of this 

intervention follows the same philosophy as RAS, but due to the variable music notes and 

instruments, PSE can also impact quality of movement during heel strike, hip flexion, and other 

spatial parameters.5  

While music therapy incorporates auditory cueing to enhance motor function, a physical 

therapist (PT) can only implement these protocols when a music therapist (MT) is a part of the 

treatment team. The low number of MTs in the rehabilitation environment limit the utilization of 

specialized PSE that can be tailored to the individual’s specific needs in real time. For a PT to 

better incorporate music therapy principles and strategies, a program to customize music and 

training of PTs is needed. The new and innovative music therapy approach, Synchronized 

Optimization Auditory Rehabilitation (SOAR) strategy, is a playback methodology that will 

potentially give PTs the ability to create individualized musical pieces tailored to the client’s 

needs in real time. Providing a PT with the capability to create a musical piece using the SOAR 

strategy, the limited availability of MTs can be addressed and allow music strategies to be an 

option to more patients. While this process was developed by a MT, its main purpose is to 
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advance patient mobility by providing more PTs with the ability to use music therapy techniques 

as an additional gait intervention strategy. 

PURPOSE 

The primary purpose of this dissertation is to assess the effectiveness of a new strategy in 

delivering music therapy, through the use of PSEs, on the gait pattern of individuals with PD. 

This investigation will include three separate studies. The first study will assess the correlation 

between RAS and the SOAR strategy and the reliability of the compositional piece created for 

training between MTs and PTs, as measured by patient gait performance.  Simultaneously, EMG 

activity will be recorded for assessment of motor recruitment during walking with both 

interventions. Lastly, the subjects’ and caregivers’ perception of the SOAR process as compared 

to RAS will be studied.   

Approval through Texas Woman’s University and University of St. Augustine for Health 

Sciences Institutional Review Boards (IRB) will be obtained prior to recruitment and data 

collection. Individuals interested will be informed of the purpose and all parts associated with the 

study (gait performance, muscle activation, and interview) and asked to participate in the IRB-

approved consent process.  

After the participant has agreed to participate and met the inclusion criteria, an 

identification number will be assigned for use on the demographic form and all other data 

collected during the studies. Each participant will then complete a demographic form of basic 

information. The data collection period will involve three parts in order to assess the inter-rater 

reliability, muscular changes, and the participant’s perception of the new program. To decrease 

the risk of a carryover effect, the participants will be randomized to one of two groups, either to 
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receive RAS first or the SOAR strategy first after the baseline testing with no auditory cues, 

which is the control condition.  

STUDY ONE 

Is the Metronome the Best Tool to Improve Gait in Individuals with Parkinson’s Disease? A New 

and Innovative Tool May Be Better. 

This will be a methodological study to assess the correlation of the SOAR strategy and 

RAS and the inter-rater reliability between a MT and PT using the SOAR strategy as measured by 

the participant’s gait parameters.  

Specific Aims and Hypotheses 

The first aim is to assess the correlation between RAS and the SOAR strategy’s impact 

on gait parameters of velocity, step length and cadence in people with PD. The second is to assess 

the correlation of the same gait parameters in people with PD that have received a SOAR strategy 

intervention by a MT and again by a PT. The first hypothesis is that there will be no significant 

difference and moderate correlation between the RAS and SOAR strategy. The second hypothesis 

is there will be a high level of agreement in participant gait velocity, step length and cadence after 

receiving the SOAR strategy intervention by the MT and PT.  

Participants 

The participants will be a convenience sample of 20 individuals with PD. Based on 

previous literature, the sample size needed to demonstrate adequate power is 12 subjects for inter-

rater reliability.6-9 After incorporating research assessing the validity of gait parameters using a 

computerized walkway and the effects of RAS on walking in individuals with PD, 20 participants 

will be an acceptable number to determine significance and account for attrition.10-13 The 

participants will be recruited from local physicians, Parkinson’s support groups, community 
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exercise groups, and word of mouth. Information regarding the study and voluntary participation 

will be distributed via flyers and informal announcements. The inclusion criteria will be a 

physician’s diagnosis of PD, Hoehn and Yahr stage 1-4 (bilateral involvement with postural 

instability and minimal use of an assistive device) and ability to walk independently for at least 

10 minutes. The exclusion criteria will be having a deep brain stimulator, an acute orthopedic 

injury or surgery within two months or less, a hearing impairment that is not corrected with 

hearing aids, complete dependence on an assistive device, or has used the SOAR strategy in a 

previous pilot study. All participants will start testing within 60-120 minutes of taking their 

prescribed medication for PD on both testing days.  

Instrumentation  

A Zeno Walkway System with ProtoKinetics Movement Analysis software (PKMAS)1 

will be used to collect measurements of gait velocity, step length, and cadence (Figure 1). The 

Zeno 16” Walkway System is a computerized gait analysis system that has a three-layer system 

with a sampling rate of 60 Hz and 120 Hz along with 16 levels of dynamic pressure.14 The 

PKMAS facilitates data collection and analysis for static and dynamic balance and gait tests.15 

Procedures 

Each subject will complete two testing sessions, one with the MT and one with the PT. 

During the first session, the subject will complete a baseline walk across the Zeno Walkway 

System for measurements of velocity, step length, and cadence. The MT will use RAS to 

optimize the subject’s gait pattern and will complete a second measurement on the Zeno 

Walkway System. After a wash-out period of one hour the MT will use the SOAR strategy to 

                                                           
1 ProtoKinetic, LLC 

  60 Garlor Dr., Haverton, PA 19083 

  610.449.4879 
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optimize the subject’s gait pattern and complete a third measurement of velocity, step length, and 

cadence. The order of the SOAR strategy and RAS will be randomized among the subjects.  

An additional wash-out period of one to five days will follow. Upon returning to the testing site, 

the subject will be assessed by the PT on the Zeno Walkway System for initial testing of velocity, 

step length, and cadence. Next the PT will use the SOAR strategy to optimize the subject’s gait 

pattern and complete a second assessment on the instrument for the established gait parameters.  

Data Analysis 

Pearson’s correlations will be used to evaluate the significance and strength of the 

relationships between the mean measurements of step length, gait velocity and stepping cadence 

when using RAS and the SOAR strategy administered by the MT.  

Intra-class correlation coefficient (ICC) (2,k) values will be calculated to assess the level 

of agreement for repeated measures of patient step length, velocity, and stepping cadence during 

walking when using the SOAR strategy between therapists. ICC values will be analyzed 

according to the following criteria: ≤ 0.49 low, 0.50-0.69 moderate, 0.70-0.89 high, and 0.90-1.0 

very high.16 A Bland Altman plot will be used to provide visual representation of the differences 

obtained across subjects.17  

STUDY TWO 

 Impact of Two Types of Auditory Cueing on Muscular Activation in People with Parkinson’s 

Disease 

During study one, data will be collected simultaneously collected for study two to 

determine if the SOAR strategy produces a change in muscular contraction of two key muscles of 

gait during ambulation as compared to RAS and no auditory cueing. 
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Specific Aims and Hypotheses 

The first aim of this study is to determine the amount of muscular contraction of bilateral 

TA and G during ambulation in participants using the SOAR strategy as compared to amount 

without auditory cueing. The second aim is to determine if using the SOAR strategy results in 

stronger and faster contractions of bilateral TA and G than when using RAS. The hypothesis is 

that there will be a significant difference in muscular activation of the TA and G when walking 

using the SOAR strategy as compared to activation while walking using RAS and under baseline 

conditions. Research has shown that there is a change in muscle activation of the TA and G with 

the use of RAS in people with PD.4  

Participants 

Participants will be the same 20 recruited for the previous study. Six are needed to show 

adequate power, though all 20 participants will participate in the EMG data collection.4 As the 

participants are walking over the Zeno Walkway System, EMG data will be collected on bilateral 

TA and G.  

Procedures 

EMG data will be collected only on the first testing day while working with the MT. The 

MT will apply the auditory cues (RAS and SOAR strategy) and a PT (different from the primary 

investigator) will apply the surface electrodes along with the heel switch for data collection. The 

surface EMG electrodes will be placed on the lateral aspect of the TA and medial GS muscle 

bilaterally (Figure 2).18 The sampling rate for gathering EMG signals of the two muscles will be 

1,000 Hertz. EMG recording for a one repetition maximum (1RM) contraction will be taken first. 

The procedure for collection the 1RM is as follows: 1) participant will be seated to ensure safety, 

2) TA: the hip and knee will be flexed 90 degrees, G: the knee will be extended to promote 
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improved biomechanical advantage of the muscle, and the hip will be flexed to a position that is 

comfortable for hamstring length, 3) participant will contract against the resistance of the tester 

for each of the two muscles (see Figure 3).18-21 Each will complete a series of a three second 

contractions with a 60 second relaxation period and repeat three times.19 EMG recordings of the 

TA and G will be collected during gait over the three trials of the three different conditions: no 

auditory cueing (baseline), RAS, and the SOAR strategy.  

Instrumentation  

The wireless Delsys trigno EMG2 unit will be used to collect muscle activity using 

surface electrodes (Figure 4). The Delsys is a wireless system that will record the muscle 

activation onset, duration and intensity. The EMG recording sensor has a built-in band-pass filter 

with band width between 20±5 Hz and 450±50 Hz and requires no external wiring from the 

electrode to the software system. EMGworks® software will be used for interpretation and 

analysis.22  

Data Analysis 

There will be two outcome variables analyzed in this study, (1) root mean square (RMS) 

of the TA and G, which measures the amount of muscular contraction of each of the two muscles, 

and (2) the duration of TA and G muscle activation in each gait cycle. Raw EMG will be 

corrected by DC offset if necessary and full-wave rectified. A band pass filter with a band width 

between 10-500 Hz will be applied to reduce background noise. Gait cycles will be first identified 

within each walking trial and RMS values for TA and G will be calculated in each gait cycle and 

then averaged across all gait cycles. Onset of muscle contraction in each gait cycle is defined as 

                                                           
2 Delsys, INC.  

  23 Strathmore Rd., Natick, MA 01760 

  508.545.8200 
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the timing when EMG signal first exceeds 5% of its baseline average (i.e. the threshold value) 

recorded during quiet standing and the amplitude of EMG continues to ramp up for more than 30 

milliseconds (ms). The duration of TA and G muscle activation in each gait cycle is defined as 

the total time period when EMG signal exceeds 5% of its baseline average and then again average 

across all available gait cycles in each walking trial.  

Two repeated measures analyses of variance (ANOVA) will be used to analyze the 

significance of change in the RMS contraction of each of the four muscles among the three 

conditions (no auditory cue, RAS cuing, and SOAR strategy). The level of significance will be set 

at alpha ≤ 0.05.  Post hoc testing will be completed if global significance is identified. 

Two repeated measures ANOVA will be used to analyze the significance of change in 

interval between EMG responses, onset of muscle contraction and duration of EMG activation 

within the three conditions (no auditory cue, RAS, and SOAR strategy) for each of the two 

muscles tested. The level of significance will be set at alpha ≤ 0.05. Post hoc testing will be 

completed if global significance identified.  

All statistical analyses will be calculated using SPSS3 for Study 1 and 2. 

STUDY THREE 

Does a Customized Musical Song Promote a More Positive Experience than Rhythmic Auditory 

Stimulation When Used for Walking in People with Parkinson’s Disease? 

This study will be a phenomenological qualitative research design using coding and 

triangulation to assess the participants’ and caregivers’ perceptions of the SOAR strategy.  

 

                                                           
3 IBM Corporation 

  1 New Orchard Rd., Armonk, NY 10504 

  914.499.1900 
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Specific Aim and Research Question 

The aim of this study will be to assess the participants’ and caregivers’ perceptions of his 

or her experience using RAS and the SOAR strategy. The research question is: “Will the 

participants and caregivers report a higher level of satisfaction and motivation when using the 

SOAR strategy as compared to RAS during ambulation?” 

Participants 

The participants will be from the previously discussed studies. After the 20 participants 

have completed the two sessions of testing between the MT and PT, each person, along with his 

or her caregiver if available, will be interviewed by the PT.  

Instrumentation 

During the semi-structured interview, the PT will take written notes of the participants’ 

and caregivers’ general gestures and body language in a notebook. The interview will be audio 

recorded and transcribed at a later date in its entirety. The audio recorder will be a SONY ICD 

PX333 Digital Voice Recorder.  

Procedures 

The PT will conduct the interview in a quiet room either with only the participant or the 

participant and caregiver; interviews independent of each other can be arranged, if desired. The 

questions in the semi-structured interview will be open-ended, encouraging the participant to talk 

about how he or she felt when using RAS in comparison to using the SOAR strategy (Appendix 

I). The focus will be on their self-perception of functional change during walking, their 

enjoyment while using each intervention, and their feelings about which is likely to be used more. 

The caregiver will be asked questions regarding his or her perception of the participant’s level of 

enjoyment and likelihood of compliance at home, as well.  



11 
 

After the interview, the recording will be saved to a password-protected flash drive. Each 

interview will be transcribed verbatim in its entirety into a Word document. The transcribed 

interview will be mailed or emailed to each participant and caregiver who participated in the 

interview for a member check. The participants and caregivers will be asked to review the report 

to ensure they were accurately portrayed and to return the review to the researchers within one 

month if there are inaccuracies.  

Data Analysis 

During the interview process, responses will be reviewed at specific times to determine if 

data saturation has occurred. Data saturation results when responses begin to overlap and 

concepts are extremely similar. Every five interviews, and after every two interviews afterwards, 

the researcher will review and determine if saturation has occurred.  

Qualitative data will be analyzed using a content analysis approach. Investigator 

triangulation will occur through line-by-line coding completed independently by three researchers 

to identify codes. The first two researchers have experience in qualitative research and coding. 

The third researcher will be instructed by the other two on the proper method for coding. The 

researchers will assign codes to categories and identify emergent themes.  
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CHAPTER II 

 

THE ROLE OF MUSIC THERAPY IN PROMOTING FUNCTIONAL AND 

EMOTIONAL CHANGE IN THE PARKINSON’S DISEASE  

POPULATION: A LITERATURE REVIEW 

RESEARCH PURPOSE 

Independence, safety, and purposeful movement are important contributors to quality of 

life for all individuals. Those diagnosed with Parkinson’s disease (PD) have challenges that 

increase as the disease progresses.1 Medical professionals and therapists, whether physical, 

occupational, speech or music, strive to provide the best evidence-based care for their patients. 

The use of music is a treatment option available to therapists, but generally implemented by 

music therapists. Positive results, both physical and mental, from music interventions have been 

demonstrated by those with PD. The goal of all therapists is to provide the best interventions 

possible to improve physical, safety, and emotional well-being. This research study will examine 

the ability of physical therapists to incorporate one of the newest music techniques into their 

practice. The data gathered will be both quantitative (gait parameter assessment and 

electromyography [EMG]) and qualitative (self-reported interview). If the success of using the 

techniques of music by music therapists can be replicated by physical therapists, more people 

with PD could benefit from an additional tool to enhance their mobility and quality of life. 

The first purpose of the literature review is to document current methods for assessing 

functional change in the PD population through standardized tests for determining muscular activity 

through EMG measurements and the current methods for recording perceptions of various treatment 

approaches through qualitative studies. The second purpose is to determine the impact of various 
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therapeutic interventions on balance and gait characteristics in individuals with PD. Physical 

therapists are charged with improving the quality of life of life of their clients. By examining 

current treatment methods and exploring new techniques, professionals can select the best treatment 

plan for the PD population. 

METHODOLOGY OF REVIEW 

A thorough search of the literature was completed from 2015-2017. The research studies 

chosen for this literature review focused on the signs and symptoms of PD, its pathology and 

progression, diagnostic tools used for detection, current treatment options, and music interventions. 

The search engine utilized to gather the appropriate articles was SEARCH USA which draws from 

the following databases: CINAHL, PubMed, Gale PowerSearch, ERIC and Cochrane Database of 

Systematic Reviews. In addition, Google Scholar and secondary references found by hand were 

reviewed. The key words used to search the literature for outcome measures were “Parkinson’s 

disease,” “outcome measures,” “functional mobility,” and “quality of life.” The key words used to 

search for electromyography were “EMG” “muscle activation,” “MVIC” and “EMG AND gait.” 

The key words used for people’s perceived quality of life were “quality of life,” “music AND 

perception,” “mood.” The key words used for the intervention section were “physical therapy,” 

“tango,” “LSVT BIG,” “RAS,” “music,” “body weight supported treadmill training,” and 

“exercise.” 

The inclusion criteria for article selection included articles in English that focused on 

functional changes exhibited with PD, PD assessment from a therapeutic perspective, and 

interventions promoting changes in functional ability.  Articles that were excluded from the review 

were those that emphasized the cognitive changes with aging, and those that included subjects with 

active cancer, stroke, spinal cord injury, other progressive neurological diseases, or amputations. In 
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the search 281 articles were obtained and analyzed. Of these articles, 95 reviewed specific 

measurements to assess functional improvements within the PD population, 35 reviewed EMG and 

its role in assessing motor neuron involvement, 65 reviewed treatment interventions, and 62 

reviewed neural impact of auditory stimulus.  

INTRODUCTION TO PARKINSON’S DISEASE 

Before initiating an intervention program for those with PD, clinicians need to understand 

the physiology of the disease, early signs and symptoms, diagnosis techniques, by imaging and 

observations classifications, and pharmaceutical interventions. With this knowledge, research of 

new treatment options can be initiated that will be both meaningful and scientifically sound.  

PD is a progressive neurological condition resulting from a disruption in the basal 

ganglia. In the United States, it is the second leading neurodegenerative disease affecting over 2% 

of the population 65 years and older. The disease can be idiopathic, meaning an unknown cause, 

or secondary parkinsonism, from certain identifiable causes.1 Typically, later onset cases are 

idiopathic, while individuals diagnosed before the age of 40 are familial in nature. Cases of 

secondary parkinsonism typically result from toxin or drug exposure.  

PD affects the functioning of the basal ganglia of the nervous system. The basal ganglia 

consists of the caudate nucleus, putamen, globus pallidus, subthalamic nucleus, and substantia 

nigra. The basal ganglia participates indirectly in the descending motor pathways sending signals 

to the periphery.2 PD results from a degeneration of the neurons that produce dopamine within the 

substantia nigra, and as the neurotransmitter production declines, the inhibitory pathways become 

overactive resulting in the clinical presentation. Typically, by the time an individual clinically 

presents the signs of PD, 60 to 70% of the neurons of the substantia nigra have degenerated, and 

the dopamine content has been reduced by 80%.3 Clinical signs in the form of motor dysfunction 
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and asymmetric hypokinesia can be reported months to years before an official diagnosis is 

given.3 Nonmotor symptoms such as olfactory changes, mood disorders and sensory signs may 

even precede the motor impairments associated with PD.4-6  

The four cardinal signs of PD are rigidity, bradykinesia, tremor, and postural 

instability.1,7 The cardinal signs that contribute most to loss of functional mobility and ambulation 

are rigidity, bradykinesia, and postural instability. Another impairment that impacts mobility is the 

occurrence of freezing episodes during ambulation, a phenomenon that is characterized by “an 

inability to generate or sustain an effective stepping sequence, leading to blocks in walking.”8 

Freezing most commonly occurs when an individual is required to change surfaces, change speeds, 

turn or navigate obstacles, and the episodes increase as the disease progresses. Shuffling gait, 

freezing and difficulty turning reduces one’s perceived quality of life (QoL).9 In addition, the 

freezing of gait has been associated with a reduction in aerobic capacity and inability to complete 

activities of daily living (ADL), all of which impact a person’s independence and social 

interactions.10  

Since the clinical signs are not typically exhibited until later into the progression of the 

disease process, measures other than observation have been used to improve the ability of the 

medical team to diagnosis PD. Positron emission tomography (PET) and single-photon emission 

computed tomography (SPECT) are available to assess the dopaminergic function within the 

brain. F 6-fluoro-Dopa (F-Dopa) is a radiotracer that the putamen absorbs related to the neuronal 

cell count. F-Dopa PET test allows for visualization of the uptake of this radiotracer, and less 

absorption indicates smaller neuronal cell count.11 Transcranial ultrasound is a diagnostic 

instrument using the “acoustic bone windows” to determine the intensity of the signal of the 

substantial nigra. An increase in intensity was noted in subjects with PD.3  
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In a review by Thenganatt and Jankovic13, various imaging studies indicated that the loss 

of dopamine in certain areas of the basal ganglia lead to the various clinical presentations of PD 

resulting in either tremor predominant or postural dominant behavior. Uptake of the dopamine 

transporter indicated less activity in the contralateral putamen in the akinetic-rigid phenotype than 

the tremor predominant in SPECT findings. Other studies have shown that the pattern of 

dopamine loss can potentially predict which subtype of the disease a person will have. Those with 

tremor predominant display dopamine in an “eagle wing” configuration indicating loss in the 

caudate and lateral putamen. Those in the postural instability and gait disturbed group have an 

egg-shaped pattern indicating loss in the dorsal putamen. Even other neurotransmitters have been 

linked to certain clinical presentations in PD. Thalamic serotonin has been linked with resting 

tremor and cortical cholinergic denervation with slowness of gait. Functional magnetic resonance 

imaging (fMRI) has compared activation of striatothalamocortical and cerebellothalamocortical 

circuits and found more activity in the contralateral cerebellothalamocortical circuit in people 

with tremor dominant PD. Other comparison studies in the review examined structural 

differences of the brain between the two subtypes. One of the studies in the review supported the 

involvement of the cerebellothalamocortical circuitry in the tremor dominant group and found 

that those in the postural instability and gait disturbed group had less gray matter and 

presupplementary motor volume, more specifically in the areas of motor, cognitive, limbic and 

associative functions. Thenganatt and Jankovic13 noted that the consensus of the literature of the 

pathophysiology of PD showed more structures involved in the disease progression than simply 

the basal ganglia.13 This information adds to the complexity of medical treatment and the need for 

additional medical exams, evaluations, and interventions for rehabilitative care.   
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Nonmotor symptoms of PD are other components important in early detection and 

diagnosis of this disease. While nonmotor symptoms occur in both the “tremor predominant” or 

“postural instability and gait disturbed” groups, individuals in the “postural instability and gait 

disturbed” group exhibit more nonmotor symptoms, and this finding may play a role in 

distinguishing between the two groups.14 Olfactory dysfunction refers to disturbances with 

smelling. While this is not a common complaint of individuals with PD, it can be detected 

through specific testing in the earlier stages of idiopathic PD.3 Tissingh et al15 found that 

olfactory testing discriminated idiopathic PD from heathy controls with a sensitivity of 88% and 

specificity of 83%.  

Mood disorders have also been linked with idiopathic PD. Depression can precede the 

motor impairments associated with PD, although depression and anxiety can be the result of an 

accumulation of a variety of events.16 Additionally, cognitive decline, sleep disturbances, and 

urinary dysfunction are also linked to early onset of PD.14 Though each of these nonmotor 

symptoms provides a means to examine what is happening in the brain and facilitate earlier 

detection before most of the clinical symptoms arise, all need to be combined with other motor 

assessments to ensure accurate and proper diagnosis. Commonly, these nonmotor reported factors 

have an adverse impact on the patient’s QoL.9  

When diagnosed with PD, a person is categorized based on the predominant clinical 

characteristics, either the “postural instability and gait disturbed” or “tremor predominant”, and 

staged based on severity by the Hoehn and Yahr Classification of Disability. The “postural 

instability and gait disturbed” category accounts for 55% of those diagnosed. Individuals with 

difficulties maintaining balance during functional activities show more bradykinesia, cognitive 

decline, and faster progression.1,17 While the “tremor predominant” subgroup is typically 
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diagnosed at an earlier age and tend to exhibit a slower progression of disease, patients in this 

subgroup show less bradykinesia and have overall less instability and loss of function.13 

Additionally, those in the “tremor predominant” category have a lower incidence of cognitive 

decline and dementia. A study prospectively followed individuals with PD at baseline, four years 

later and then again at eight years. The findings showed that those in the “tremor dominant” 

subtype did not develop dementia as measured by the Mini-Mental State Examination scale. 

However, the “tremor predominant” group had a 56.7 (CI95 4.0 – 808.4, p = 0.003) odds ratio 

likelihood of developing dementia until they transitioned into the “postural instability and gait 

disturbed group” when their odds ratio likelihood increased to 80.0 (CI95 4.6 – 1400.0, p = 0.003). 

For those individuals who did not transition, there were no incidences of dementia.18  

A systematic review by van Rooden et al19 assessed literature using a cluster analysis 

process to further divide people into two additional subtypes. Individuals with certain 

characteristics were assigned to a predesigned group based on a mean value; the closer the 

individual’s characteristics were to the mean determined in the subject’s group. This literature 

review of seven articles reveiled four subtypes: old age onset and rapid disease progression, 

young onset and slow disease progression, tremor dominant, and postural instability and gait 

disturbed.  

Since PD is a progressive, degenerative disease, professional healthcare workers rely 

upon a staging system to indicate a patient’s level of physical involvement at any given point in 

time. The Hoehn and Yahr Classification of Disability ranges from stages I to V (Table 2.1) and 

allows for communication between healthcare disciplines regarding the level of physical 

involvement.20  
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Table 2.1 – Hoehn and Yahr Classification of Disability 

Stage  Functional Ability 

Stage I 

Stage II 

Unilateral involvement 

Bilateral symptoms or axial involvement presents but not postural 

instability 

Stage III Postural instability present but individual remains physically 

independent 

Stage IV All symptoms present and severe, individual needs assistance to walk 

or stand 

Stage V Individual is wheelchair or bed bound 

 

These levels generally represent the early, middle or late stage of disease. In the early stage 

of the disease, individuals are independent, and due to the minimal involvement of motor 

impairments, physical therapy (PT) is not typically recommended. As the individual progresses to 

the later stages of the disease, stages IV and V, more debilitating impairments arise which lead to 

activity and participation restrictions and to overall limitations in independence and safety. Using 

the Hoehn and Yahr classification system along with the clinical subgroups allows for the most 

appropriate rehabilitative course to be implemented into clinical care.1  

Pharmaceutical treatments for PD can follow several options. Medical intervention is 

designed to slow the progression of the disease and delay the motor impairments resulting from 

the reduction in dopaminergic neurotransmitters. The most widely used medication is levodopa, 

which is a dopamine precursor that is metabolized to dopamine in the brain. Levodopa acts to 

recreate the balance of dopamine within the brain and thus reduce the outward clinical 

presentation of PD.1,7 To promote an increased uptake of the drug in the brain, levodopa is 

combined with carbidopa which allows less levodopa being needed in a single dose. The 

combination of these two drugs is called by the trade name Sinemet. The main two impairments 

that have the best response to Sinemet are bradykinesia and rigidity. While Sinemet is useful in 

controlling motor conditions initially after starting it, it does come with some adverse side effects. 
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Typically, the medication has a helpful window of about four to six years. After this time, the 

therapeutic effects begin to diminish and at times, the occurrence of additional involuntary motor 

impairments of dystonias and dyskinesias appear. This “on-off” phenomenon adds a dimension to 

pharmacological management that a patient and neurologist must discuss to determine the best 

intervention plan. The medication is beneficial in helping to delay symptoms but knowing there is 

only so much effective time for use, there are negatives as well.1 Physical therapists need to be 

aware of any medications that may influence the outcome of their prescribed treatment protocols. 

OUTCOME MEASURES DOCUMENTING FUNCTIONAL CHANGE 

To effectively and efficiently treat a person with medicine and rehabilitation, the 

appropriate assessments must be completed first. The healthcare provider must determine which 

tools will provide the most accurate information necessary to monitor function and ultimately, 

improvement upon reassessment.21 Thorough assessment is imperative not only as justification for 

services but also to heighten the mental and emotional well-being of clients and their caregivers.  

The International Classification for Functioning, Disability, and Health (ICF) provides a 

multipurpose classification system of disabilities addressing impairments that lead to activity 

limitations and ultimately participation restrictions in society. This model assists in determining 

which areas the patients are limited in and how these limitations impact their ability to complete 

necessary daily activities and interact with society.1 The choice of assessment tool needs to be based 

not only on what aspects of function are being assessed, but also on the level of disease progression 

of the individual. Individualizing examination and evaluation is especially true within the PD 

population as the presentation of the disease process can vary drastically between each diagnosed 

individual. A clinician must also consider that the typical age of a person being diagnosed is 60, and 
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with this age comes additional functional limitations due to the process of aging, co-morbidities, 

cognitive changes and unique living situations.  

The Unified Parkinson’s Disease Rating Scale (UPDRS) is a tool used to follow the 

progression of PD. Scoring is not uniform as some questions have a numeric scale of 0 to 4 for 

rating and some are yes or no questions, but it has been shown to be a valid measure 

demonstrating a high test-retest reliability with intraclass correlation coefficient (ICC) 0.91 and 

minimal detectable change (MDC)95 of 13.22-24 The UPDRS consists of six subsections that 

encompass areas of cognition, mood, ADL, motor function, complications in therapy, and a 

modified Hoehn and Yahr staging. Due to the length of time to administer and underrepresented 

areas, the Movement Disorder Society (MDS) developed a modified version of the UPDRS 

(MDS-UPDRS) to include the nonmotor impairments.25 This version contains similar components 

but is divided into the following subsections: Part 1 – nonmotor aspects of daily living, Part 2 - 

motor aspects of daily living, Part 3 - motor examination, and Part 4 - motor complications. In 

addition to the modified subsections, the assessment also better accounts for milder 

impairments.25 The questions are rated on an ordinal scale, 0 to 4, from normal to severe. The 

total score can range from 0 to 200, and higher scores on the UPDRS as well as the MDS-UPDRS 

indicate increased severity of disease. The Cronbach’s internal consistency for Part 1  = 0.79, 

Part 2  = 0.90, Part 3  = 0.93 and Part 4  = 0.79.25,26 The concurrent validity of the MDS-

UPDRS with the UPDRS is strong, and the two measures are highly correlated (r = 0.96) as well 

as are the individual Parts 1 to 4 (r = 0.76, 0.92, 0.96 and 0.89, respectively). Likewise each of 

the four parts within the MDS-UPDRS is not well correlated indicating that each component is 

assessing a different aspect of disease severity.25 On the motor examination section, the minimal 

clinically important difference (MCID)95 value for assessing improvement is a change greater 
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than -3.25 and for assessing decline is a change greater than +4.63.27 Studies have shown 

nonmotor symptoms of daily living and motor experiences of daily living have a significant 

correlation to lesser QoL.26 Skorvanek et al26 found that the MDS-UPDRS Parts 1, 2 and 4 are 

significantly related to lesser QoL on the Parkinson’s Disease Quality of Life Questionnaire 

(PDQ-39), as items reporting assessments of pain, fatigue and length of disease typically lead to 

lower QoL scores.  

In the PD population, assessments of balance, gait, self-reports on QoL, perception of 

disability and cognition are very important. Various outcome measures have been studied to assist 

physical therapists in choosing the most appropriate assessment tool.  

Balance and Postural Stability Assessment Tools 

Due to the high probability that those diagnosed with PD will, at some point during the 

disease process, develop postural instability, appropriate measures are needed to assess this safety 

concern and to monitor progress after intervention. Although the research for this study focused 

on gait assessment, future study is needed to determine the effect of auditory cues on balance and 

postural instability. Several reliable tools are available. 

Postural instability can lead to falls and the inability for a person with PD to live 

independently.28,29 The most prominent factors contributing to falls in the PD population are 

sensory dysfunction, bradykinesia, abnormal postural response patterns, L-dopa induced 

dyskinesia, and hypotension.30 Wood et al29 found in a prospective study following people with 

PD for one year, that the best predictors of falls included previous falls, disease duration and 

severity, dementia, loss of arm swing, balance impairment, and depression. Despite these 

findings, there are likely additional factors contributing to falls in this population. Multiple 

studies have addressed the importance of using a variety of measures when assessing balance and 
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postural stability to appropriately capture true deficits and fall risks.31-34 The primary measures of 

balance and mobility that will be reviewed are the Tinetti Performance-Oriented Mobility 

Assessment Tool, Timed Up and Go Test (TUG), Berg Balance Scale (BBS), Balance Evaluation 

Systems Test (BESTest).  

Tinetti Performance-Oriented Mobility Assessment Tool. The Tinetti Performance-

Oriented Mobility Assessment Tool originated to assess balance and fall risk in the elderly 

population and can be used to predict the need for an assistive device.35 The measure contains two 

sections, one for balance and one for gait, and typically is used to evaluate function and safety. 

There are 16 total items (nine in balance and seven in gait) that are scored on an ordinal scale, 0 

to 2, depending on the level of assistance required and performance demonstrated on requested 

tasks. The total score can range from 0 to 28 with a higher score indicating less risk of falling. 

The assessment can be completed in 10 to 15 minutes and, as there is minimal equipment 

required, it is a feasible option for a variety of settings. In the PD population, the interrater 

reliability is high (r > 0.80, p < 0.001), and intrarater reliability is moderate to high (r = 0.63 - 

0.88, p < 0.001). The concurrent criterion validity demonstrates a significantly negative 

correlation with UPDRS motor examination section (r = -0.45, p < 0.05), moderate positive 

correlation with gait speed (r = 0.53, p < 0.001), and an ability to positively predict falls at 76%.36 

The typically used cut-off score for predicting falls in the elderly is less than 19/24, but previous 

research has indicated issues using cut-off scores established for the geriatric population for 

people with PD.33,37 Kegelmeyer et al36 indicated a score of less than 20/24 to be a more 

appropriate indicator of falls in individuals with PD with a sensitivity of 76%, specificity of 66%, 

positive predictive value of 39%, and negative predictive value of 91%. Morita et al38 determined 

that the combined sections could significantly differentiate fallers from non-fallers in individuals 
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with PD, though only the items specifically for walk stance (gait section) and sternal nudge 

(balance section) have significant differences between the groups on scoring.  

TUG. Another common outcome measure used for fall assessment is the TUG, which 

requires a person to stand from a standard chair, walk three meters, turn, walk back, and return to 

sitting in the same chair. The time from initiating the stand to sitting after the walk is recorded in 

seconds, with a previously established time of 13.5 seconds deemed as the cut-off to differentiate 

fallers from non-fallers.39 Schoene et al40 found that while this assessment was able to discriminate 

fallers from non-fallers in a less-healthy and lower functioning older adult, its predictive value was 

not as accurate in older persons living in the community and functioning with minimal deficits. 

More recent studies have indicated that the 13.5 second cut-off is not predictive of falls as the TUG 

times of fallers can range from 9 to13 seconds in the older adult.41 Specific to the PD population, 

Nocera et al42 determined that the TUG is a good predictor of falls with the cut-off score of 11.5 

seconds (sensitivity of 66% and specificity of 62%), and a one second increase in score was 

associated with a 5.4% increase in the chance of reporting a fall. The MDC95 found for the TUG is 

3.5 seconds, and it has a good test-retest reliability, ICC (0.80 to 0.85) in people with PD.24,43 The 

TUG test has been further investigated with dual task activities, TUG-cognitive task or TUG-

manual. The TUG-cognitive has shown the highest sensitivity (76%) and specificity (73%) of the 

three for identifying fall risk in the PD population.44 This same study indicated that the cut-off for 

distinguishing between fallers and non-fallers was 12 seconds for the TUG (which is similar to 

previous work), 14.7 for the TUG-cognitive, and 13.2 for the TUG-manual.44 The TUG is 

negatively correlated with QoL indicating that poor performance (increased time) on the outcome 

measure can indicate lower self-reported QoL.45  
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BBS. The BBS is a 14-item outcome measure to numerically grade a person’s ability to 

complete certain functional tasks. The tasks progressively challenge a person’s base of support and 

are scored on a five-point ordinal scale from 0 to 4 for a maximum score of 56. Reliability and 

validity have been established, and the sensitivity is 77% and specificity is 74% in differentiating 

persons with PD who do and do not present with postural sway.34,46,47 Intrarater reliability 

demonstrated a pooled estimate of 0.98 (CI95 0.97 to 0.99) and interrater reliability pooled estimate 

of 0.97 (CI95 0.96 to 0.98) in a meta-analysis of varied populations and 0.94 in PD with a MDC95 of 

5.0.24 The absolute reliability of the reviewed studies is suggested to be lower in those individuals 

scoring between 0 and 20 on the BBS. The absolute within this meta-analysis was inconclusive due 

to studies having subjects who scored high (close to normal) on the BBS causing a ceiling effect.48 

Some categories of the assessment have been noted to be underutilized or not used at all, 

questioning the practicality of the tool.49 La Porta et al50 performed a Rasch analysis on the BBS 

that resulted in the elimination of two items, sitting and standing balance. The elimination of these 

items modified the floor and ceiling effect but did not affect the reliability of the scale. La Porta et 

al50 indicated that these items were not internally consistent with the other items on the scale, 

possibly due to the static nature of sitting and standing balance in comparison to the dynamic 

components throughout the rest of the outcome measure. In correlation studies, the BBS has shown 

to be significantly inversely correlated with the UPDRS (r = -0.58, p < 0.05) and the Hoehn and 

Yahr classification (r = -0.45, p < 0.005).51 These results indicate that higher scores on the BBS 

demonstrate less physical dysfunction. The BBS does not correlate significantly with age, further 

demonstrating that progression of disease rather than age better predicts a person’s functional 

independence and safety.51,52 The BBS has been noted to be the most highly correlated with a 

battery of balance measures, demonstrating its comprehensive nature of testing.52  
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BESTest. The BESTest has shown good item and person separation as compared the BBS 

and has less risk of a ceiling effect in the older adults living in the community or those with balance 

deficits.53 Designed to address six different control systems for balance, the BESTest evaluates the 

biomechanical, stability limits/verticality, anticipatory, reactive, sensory orientation, and stability in 

gait systems. The combined sections consist of 36 items that are scored on an ordinal scale, 0 to 3, 

worse to best and reported as a percentage of the total. The test exhibits good interrater reliability in 

the healthy population.54 In the PD population, the BESTest has been shown to have better 

responsiveness to change in balance than the BBS after intervention.55 One limitation of this 

outcome measure is the time involved to administer, as it takes approximately 45 minutes. The 

Mini-BESTest is a shorter version of only 14 items, in four subscales: transitions/anticipatory, 

reactive, sensory orientation and gait.56 Psychometric techniques were used to reduce item 

redundancy and scored 0 to 2 with a maximum score of 28.49 The interrater reliability (ICC > 0.91) 

and test-retest reliability (ICC > 0.88) are excellent, and takes about the same time to administer as 

the BBS.49,57 In addition, it is highly correlated to the BBS at r = 0.85, (CI95 = 0.78 to 0.90) in 

persons with balance dysfunction of various causes.53 For the PD population specifically, the Mini-

BESTest is significantly correlated with the BBS (r = 0.79, p < 0.0001), yet has significantly less 

skew in the distribution of scores than the BBS. The decreased likelihood of a ceiling effect is 

thought to cause the difference. Likewise, the Mini-BESTest provided significant information over 

the BBS at predicting severity of disease when compared to the UPDRS (t = -3.7, p < 0.0001).58 A 

cut-off point of greater than or equal to 21 has been established to differentiate between postural 

instability and no postural sway with a sensitivity of 89% and specificity of 81%.58 For those with a 

history of falls, the sensitivity is 88% and specificity is 78%.57 The MDC95 for the Mini-BESTest is 

3.5 to 4 points to demonstrate a clinical difference.53,57 The reduced ceiling effect, higher sensitivity 
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and specificity, and smaller MDC95 value indicates that the Mini-BESTest may have better ability at 

assessing balance in higher level individuals with PD than the BBS or Tinetti.57 Wallen et al59 

studied the dimensionality of the Mini-BESTest in individuals with mild to moderate PD and 

determined after a Rasch and exploratory factor analysis, that while the measure is not 

unidimensional, it is the most superior test for clinically assessing balance.  

Gait Assessment Tools 

As PD progresses, individuals will develop safety issues associated with bradykinesia, 

freezing and festinating patterns during ambulation. These, along with overall impairments in 

postural stability, can lead to dramatic changes in gait and ultimately independence. Physical 

therapists develop their plan of care based on the severity of the gait impairment. To determine the 

severity of gait impairment, several reliable assessment tools are available. Therapists also use these 

assessment tools to monitor the effect their interventions have on their patients. Although the 

current research study did not include an intervention protocol over time, these assessment tools are 

necessary for future studies. 

Gait impairments have been shown to correlate with activity limitations.60 The 

spatiotemporal parameters have been shown to be indicators of the severity of disease progression.61 

Cavanaugh et al62 found that at a one-year follow up, subjects had a reduction in daily step activity 

and had difficulty maintaining recommended physical activity requirements. In a two-year follow 

up of the same subjects, the researchers found that ambulatory status continued to significantly 

decline. While average daily steps and additional functional activities all declined, ambulation 

showed the largest drop, indicating this decrease to be potentially a more accurate indicator of 

functional decline.62 Along with this decline in ambulation, individuals with PD showed an overall 

decrease in gait speed. When gait speed was compared with healthy controls, the PD group 
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demonstrated a decrease in step length by 19.6% and thus, increased cadence.63 Functionally this 

increase in cadence, combined with other issues like festination, resulted in more safety concerns 

and declines in independence and mobility.  

Assessment across multiple components of gait is important for gaining an accurate picture 

of what areas are leading to restrictions and potential falls. When completing a gait assessment, the 

more steps a person can take will improve the reliability of the assessment. In the PD population, 

thirty steps are necessary and 50 are preferable.64 The gait measurement tests that will be reviewed 

are: Walking Velocity Test, Six Minute Walk Test (6MWT), Dynamic Gait Index (DGI), 

Dynamic Parkinson Gait Scale (DYPAGS), Functional Gait Assessment (FGA), and Freezing of 

Gait Questionnaire (FOGQ). In addition, computerized walkway systems will be reviewed as they 

are also used to gather gait data. 

Walking velocity. Walking speed has been associated with predicting functional capacity, 

health status, institutionalization and mortality, and at times being referred to as the sixth vital 

sign.65 Paker et al66 found that the factors that are significantly correlated with gait speed in PD are 

age, gender, height, disease severity, history of falls, fear of falling, balance, QoL, functional 

mobility, and emotional and cognitive status. Clinically there are factors that cannot be changed, but 

therapy can address balance, mobility and a person’s fear of falling. Assessing one’s walking speed 

is a simple method involving a preset distance and stopwatch. The ability to measure a person’s 

self-selected walking speed is historically completed during a 10-meter walk, but recent studies 

have demonstrated no significant differences between lengths of 10 meters and 5 meters in speed 

when people walked at a self-selected pace.67 This similarity allows for more accommodations in 

the testing environment. When using a preset distance, an additional distance should be added to the 
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beginning and end of the walk to allow for acceleration and deceleration phases and thus establish a 

steady walking speed whether self-selected or maximal.68  

Walkway instruments also have the capacity to measure speed, but the cost associated 

makes them inaccessible to many clinicians. Using non-instrumented methods to obtain gait speed 

and stride length have been found to be highly correlated with the GAITRite system4 (a 

computerized walkway system) in the “on” phases of medication (ICC 0.96 velocity; 0.96 stride 

length) and in “off” phases (ICC 0.96 velocity; 0.97 stride length) and moderately correlated with 

cadence (ICC 0.86 and ICC 0.72).69 The high correlation between the GAITRite system and non-

instrumented methods indicates that therapists can use non-instrumented methods to document gait 

impairments when expensive equipment is not available. Test-retest reliability in individuals with 

PD for comfortable and fast walking speeds is high (ICC 0.85, 0.99) and the MDC95 for 

comfortable walking speed ranges from 0.09 to 0.18 meters/second (m/s) and fast walking speed 

from 0.13 to 0.25 m/s.24,52,70,71 Elbers et al72 measured 153 people with PD and found that a velocity 

of 0.88 m/s was able to accurately predict 70% of the subjects who were community ambulators 

(sensitivity 67%, specificity 75%). In addition, fear of falling along with gait speed, can predict 

78% of the community ambulators.72  

6MWT. Another gait measure is the 6MWT, which is a reliable and valid measure for 

overall physical performance and exercise capacity.24,73,74 This inexpensive test is completed by 

measuring the distance a person ambulates in the allotted six-minute time frame. The test-retest 

reliability has an ICC = 0.96 and the average range in PD is 315 to 560 meters with a MDC95 of 82 

meters.75 The large range of distances could be a result the of severity of the patient’s disease. Falvo 

and Earhart76,77 determined, through hierarchical regression, the factors specific to PD 6MWT 

                                                           
4 GAITRite, CIR Systems, Inc., 12 Cork Hill Rd, Franklin, NJ 07416 
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distances are balance and mobility issues and account for 55% of this measure’s variance. These 

findings encouraged future research that determined, through stepwise regression, that significant 

contributors to the 6MWT were gender, one leg stance (OLS) time, and TUG resulting in a 

regression equation of 6MWTpred = 543.06 + (-10.83 X TUG) + (2.04 X OLS) + (-44.44 X 

gender).76,77 

DGI. Along with issues of speed and physical capacity, individuals with PD demonstrate 

unique gait characteristics which impact safety and mobility in the home and community. The DGI 

is a measurement tool that incorporates typical movements people make while walking such as head 

turns, speed changes, and navigation of obstacles and stairs. It is an eight-item measure that is 

scored on an ordinal scale, 0 to 3 (worse to normal), for a maximum of 24 points. Due to the basal 

ganglia issues associated with PD, problems with transitions and turning could potentially be better 

detected through the DGI than a walking test for speed or aerobic capacity. The DGI has a good 

test-retest reliability of ICC 0.84 (CI95 0.76 to 0.90) and has been shown to have a MDC95 of 2.9 

points.43  

DYPAGS. The DYPAGS test also strives to quantify gait issues unique to PD. It is an 

eight-item test but expands the scoring to 0 to 5 on each of the items to better account for small 

disruptions in gait occurring in this population. The DYPAGS contains similar items to the DGI but 

differs slightly by including an item assessing freezing and dual task activities. All items from both 

tests are moderately to highly correlated, and there is an excellent internal consistency, an 

acceptable interrater reliability, a strong correlation with the subjects’ self-perception of their gait 

dysfunction and no significant floor or ceiling effect.78 The DYPAGS is not a commonly used tool 

in the clinic or research, possibly due to it not being well known by clinicians.  
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FGA. The FGA is an expansion of the DGI that clarifies the scoring and adds additional 

challenges for higher performing individuals. The outcome measure includes seven of the eight 

items from the DGI and another three items for a total of ten. Each item is scored on an ordinal 

scale, 0 to 3, which gives the FGA a maximum score of 30. In a study of people with PD, the 

FGA had significant construct and concurrent validity with the BBS, Functional Ambulation 

Category, TUG, ABC scale, MDS-UPDRS and fast walking speed.79 The predictive validity at a 

cut-off of less than or equal to 18/30 was good and demonstrated a sensitivity of 80.6%, 

specificity of 80%, positive predictive value of 58.1% and negative predictive value of 92.3% in 

the measure’s ability to predict falls.80 These findings indicates the appropriateness of the FGA 

for assessing gait in individuals with PD.  

FOGQ. The clinical presentation of freezing during gait most commonly occurs when an 

individual is required to change surfaces, change speeds, turn or navigate obstacles, and it increases 

as the disease progresses.8 For individuals in the later stages of PD, 70% describe freezing episodes, 

yet 26% also report this impairment in the early stages as well. This is another impairment that 

significantly affects a person’s quality of life.81 The FOGQ was developed to objectively assess the 

components and severity of freezing, which is challenging to qualitatively and quantitatively report 

due to the variability seen among the PD population. The FOGQ contains six items that the person 

rates on an ordinal scale 0 to 4, from normal to severe, for a maximum total score of 24. It 

incorporates gait difficulty during activities, length of freezing episode, and a qualitative 

description.82 The test has excellent test-retest reliability (r = 0.83) and internal consistency of 

Cronbach’s  = 0.89.83 This measure demonstrates good psychometric properties and provides an 

objective means to measure this impairment but is isolated to only those that exhibit freezing during 
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gait. The freezing tends to be observed more in the “postural instability and gait disturbed” category 

of PD and in those individuals in later stages of the disease’s progression.1 

Computerized walkway system. Computerized walkway systems are reliable and valid 

methods for obtaining temporal and spatial parameters of the gait cycle. This information is 

important to ensure that not only are a person’s true abilities objectively measured, but also to 

show changes in parameters among various testing sessions. While the 10-meter walk test is a 

reliable measure of velocity in PD, and other outcome measures such as the DGI and FGA assess 

the quality of gait, each is still a tool that requires human scoring and assessment. This increases 

the risk of error or inconsistency. Additionally, none of these measurement tools can provide 

spatial information such as step and stride length, percentage time in stance and swing phases, 

step width, or center of mass placement during ambulation. Except for a motion analysis system, 

the two main computerized walkway systems are the GAITRite and Zeno Walkway System with 

ProtoKinetics Movement Analysis Software (PKMAS)5.  

The GAITRite is a validated tool for assessing temporal and spatial gait parameters as 

opposed to motion analysis systems.84,85 When compared to the Vicon,6 the GAITRite 

demonstrated an ICC for walking speed of 0.99, cadence of 0.99, step length bilaterally 0.99, and 

step time left of 0.94 and right 0.92.84 Its validity has also been assessed in a single subject case 

study as opposed to paper-and-pencil and video-based methods.86 The test-retest reliability has 

been established in healthy persons during preferred and fast walking speeds. The gait variables 

assessed were speed, step length, stride length, base of support, step time, swing time, stance 

time, single support time, double support time, and toe in and out. During preferred walking 

                                                           
5 ProtoKinetics, 60 Garlor Dr., Havertown, PA 19083 
6 Vicon, 7388 S. Revere Parkway, Centennial, CO 80112 
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speeds, all the variables’ ICC values, except base of support (ICC = 0.80), were greater than 0.92 

and was highly reproducible at ICC = 0.96. During fast walking speeds, base of support had an 

ICC = 0.79, swing and support an ICC = 0.89, and all others had an ICC > 0.91. Fast walking 

speed was also highly reproducible, with an ICC = 0.95.87 Similar, though not as high of results, 

were shown by Menz et al.88 for the following variables: velocity ICC = 0.88, cadence ICC = 

0.83, step length ICC = 0.91 and ICC = 0.92, right and left base of support ICC = 0.87 in a 22 to 

40 years old subject group ICC = 0.85. An older group (76 to 87 years old) showed more 

inconsistent results between the variables of velocity ICC = 0.91, cadence ICC = 0.82, step length 

ICC = 0.89 and ICC = 0.88, right and left base of support ICC = 0.56 and ICC = 0.49. These 

findings indicate that, while the base of support values for test-retest are less reliable, the 

variables of velocity, cadence and step length are reliable making the GAITRite a good 

instrument for assessing changes in the spatial and temporal parameters of gait in healthy 

individuals.  

Nelson et al89 studied the validity of the GAITRite and used it to determine if there were 

changes in the spatial parameters of gait in individuals with PD when verbally instructed to 

change their temporal parameters by increasing their preferred velocity to fast walking speed. 

First, the GAITRite was able to discriminate between those subjects with PD and their healthy 

matched controls based on the spatial parameters. Subjects with PD have shorter step lengths, 

increased double limb support, wider base of support, and longer step time. Secondly, the 

temporal parameters were different as participants with PD had slower preferred velocity (0.83 

m/s) as compared to healthy controls (1.33 m/s) and slower fast walking velocity (1.14 m/s) for 

the subjects with PD as compared to the control group (1.70 m/s). This study indicates that the 

GAITRite is a valid tool for measuring gait speed and spatial parameters in those with PD. 
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Another interesting finding of the study was the improvement of spatial parameters that occurred 

when the experimental group was instructed to walk at a faster velocity during testing.89  

The Zeno walkway system is a computerized gait analysis system that contains a 16-level 

pressure sensing pad with a sampling rate of 60 Hz and 120 Hz. PKMAS facilitates data 

collection and analysis for static and dynamic balance and gait tests and exports values including, 

but not limited to, instantaneous center of pressure, center of mass, step and stride length, 

velocity, toe in and out, and cadence.85,90 The PKMAS was adapted from the GAITRite to address 

issues with processing difficult footstep patterns. The Zeno walkway’s portable mat utilizes 

similar components of the GAITRite and incorporates an updated version of the PKMAS. This 

software has been studied for comparison and found high levels of absolute agreement and 

consistency between the two walkway systems for most of the temporal and spatial variables. The 

variables of speed, cadence, stride length, step length, stride duration, step duration, stance 

duration, swing duration, double support duration, percentage of stance, percentage of double 

support, and stride duration variability all had high reliability, ICC > 0.95. The two variables that 

demonstrated the least reliability were base width, ICC =0.86, and step length variability, ICC = 

0.84. These two variables need further testing with PKMAS to establish their reliability for use as 

an assessment tool. An additional benefit of the Zeno walkway with PKMAS is that it can export 

right and left footfalls along with the overall means. As it can process more difficult footfalls and 

requires fewer footfalls for analysis, shorter mats are needed for testing.91 The smaller size of the 

Zeno Walkway System, in addition to its lower cost and ease of use, makes it an ideal tool for 

assessment in a clinical environment. The Zeno walkway was chosen for use in the current study. 

The literature showed high reliability for most of the temporal and spatial variables, and the 
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software exported the necessary data for analysis. It was readily available in the testing 

environment chosen for this study. 

Self-Report and QoL Assessments 

As discussed, PD is a progressive disease that results in a gradual decline in motor 

function. As the motor system fails to efficiently work, a person becomes more unsteady and less 

physically able to participate in hobbies, recreational activities and work-related duties. The 

failure of the motor system, in combination with cognition decline and other nonmotor 

symptoms, have a negative impact on the QoL in a person with PD.92,93 The self-report measures 

to be reviewed are the Parkinson’s Disease Questionnaire (PDQ-39), Activities Balance 

Confidence (ABC) scale, and Falls Efficacy Scale (FES).  

PDQ-39. The PDQ-39 is a self-reported Parkinson’s disease-specific health related 

questionnaire concerning a person’s QoL over the last month. The test addresses eight domains: 

functional mobility, ADL, emotional well-being, stigma, social support, cognition, 

communication and bodily discomfort. The test has good internal and test-retest reliability along 

with face and construct validity.94 The Cronbach’s  = 0.89, which is considered a high level of 

internal reliability. The Spearman correlation for each of the domains was significant (p < 0.05): 

mobility r = 0.63, ADL r = 0.58, emotions r = 0.27, stigma r = 0.31, social support r = 0.16, 

cognition r = 0.40, communications r = 0.45 and body pain r = 0.32. The participants 

demonstrated higher correlations with aspects measuring physical functions which aligns with the 

Hoehn and Yahr stages that categorize individuals based on motor attributes.95 A later study 

revisited the results of the PDQ-39.96 This study found there was support for summing the items 

as equals without weighting on any section or item. As noted in previous research, the 

Cronbach’s  values were high for all domains: mobility  = 0.95 (CI95 0.94 to 0.95), ADL  = 
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0.89 (CI95 0.87 to 0.91), emotion  = 0.89 (CI95 0.87 to 0.91), stigma  = 0.85 (CI95 0.81 to 0.88), 

social support  = 0.74 (CI95 0.66 to 0.81), cognition  = 0.74 (CI95 0.67 to 0.79), communication  

= 0.87 (CI95 0.83 to 0.90), and body discomfort  = 0.72 (CI95 0.65 to 0.78). Test-retest reliability 

showed moderate to good reliability within all domains: mobility ICC = 0.93 (CI95 0.91 to 0.95), 

ADL ICC = 0.93 (CI95 0.90 to 0.95), emotion ICC = 0.87 (CI95 0.82 to 0.91), stigma ICC = 0.85 

(CI95 0.79 to 0.89), social support ICC = 0.76 (CI95 0.66 to 0.83), cognition ICC = 0.86 (CI95 0.81 to 

0.90), communication ICC = 0.86 (CI95 0.86 to 0.90), and body discomfort ICC = 0.79 (CI95 0.72 to 

0.85). An additional Rasch analysis of the domains of the PDQ-39 determined that the mobility, 

ADL, social support and communication scales did not adequately fit with the scale. While there 

were no ceiling effects for the outcome measure, the domains of social support and cognition 

exhibited a floor effect.96 Continued research is important because having a measure, which is 

specific to people with PD, is needed as it highlights QoL issues related to patients and can track 

changes as the disease progresses as many individuals with PD express a decline in their QoL.97 

ABC scale. In addition to the outcome measures created to assess physical function, 

assessment of a person’s confidence during functional activities is important. Individuals who 

demonstrate a lack of confidence in their balance often develop an avoidance of particular 

activities.98 This avoidance perpetuates a greater risk of developing disuse atrophy, vestibular 

hypofunction and overall functional decline.99 People score each question on the ABC on a 

percentage of how confident they feel about not falling in each situation, with 0% having no 

confidence and 100% being completely confident. Lower scores are associated with decreased 

confidence in balance and postural stability. The items range from walking in the home to getting 

onto escalators and walking on icy sidewalks. The test-retest reliability is high, with ICC = 0.88 

(CI95 0.78 to 0.93), and internal consistency of Cronbach’s  = 0.97 in community dwelling older 
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adults.100,101 In a study by Franchignoni et al,102 the ABC had no floor or ceiling effect in the sample 

of people with PD and had a moderate correlation with the BBS (r = 0.46) and high correlation with 

the Fear of Falling Measure (r = 0.82). The subjects specifically reported having the least amount of 

confidence in the following items: “walking on icy sidewalks,” “escalator not holding rail,” “stand 

on chair to reach,” “reach on tiptoes,” and “bumped.” Individuals who are further along in the 

disease process and those who demonstrate increased postural sway (recorded by Vicon motion 

cameras and ground reaction forces) obtained a lower score on the ABC scale.103 There is 

conflicting data regarding an individual’s fear of falling and its correlation with balance deficits. 

While Lee et al103 determined lower scores are associated with more sway, and Mak and Pang104 

noted that those with higher scores demonstrated less fall risk, another study indicated that there is 

minimal correlation with the ABC scale and other balance measures.105 These discrepancies indicate 

the importance of a therapist using a battery of tests to assess functional ability as well as the 

emotional components of balance confidence.  

FES. The FES is a measure to assess a person’s fear of falling and has been found to be 

internally consistent, Cronbach’s  = 0.9, in the community dwelling older adult population.100 The 

FES has been shown to have good test-retest reliability (r = 0.71) in community dwelling older 

adults and is significantly related to functional status (p < 0.001) in the home.106,107 While the FES 

has shown good psychometric properties and to be highly correlated with the ABC scale (r = 0.84, p 

< 0.001), its skewness in distribution indicates that it might be better suited to assess individuals 

who are functioning at a lower level and have difficulty participating in activities outside of the 

home.100 The FES-International (FES-I) is a modified version of the FES to account for various 

languages and cultural difference along with more complex functional and social contexts. The 

FES-I incorporates additional activities outside of the home environment and in crowded situations. 
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The internal consistency of the FES-I was high, Cronbach’s  = 0.97, the test-retest was high (r = 

0.96) and was less skewed as compared to the FES. The FES-I has a ceiling effect for community 

dwelling older adults who are mobile in the community or living alone.108 Psychometric testing of 

the FES in individuals with PD was not found in the literature. A clinician must reflect on their 

client’s level of function to determine if the ABC scale or the FES would be the more appropriate 

measurement for assessing balance confidence. 

Although this study did not include intervention strategies over time, future research is 

needed to determine if musical auditory interventions contributes to a person’s self-reported QoL. 

The above noted research indicates several reliable assessment tools are available. 

Cognition Screening Tools 

Cognitive deficits are another component of PD that can be detected in the early stages of 

the disease process and have been reported to be present in as many as 38.2% of those 

diagnosed.109 This impairment can result in a decline in safety and QoL along with delaying 

progress in rehabilitation strategies. Having a clear understanding of a person’s cognitive level is 

necessary prior to establishing a prognosis and developing a plan of care and goals.110 The 

cognitive screens to be reviewed are the Montreal Cognitive Assessment (MoCA) and the Mini-

Mental State Examination (MMSE). 

MoCA. The MoCA is a widely used screening tool for assessing cognitive impairment. 

The test can be administered in about 10 minutes and has a maximum score of 30. The MoCA has 

been shown to have good interrater and intrarater reliability, criterion and convergent validity, no 

ceiling effect, and be an accurate cognitive assessment in the PD population.111 A score of less 

than or equal to 26 indicates cognitive decline.110 Benge et al.112 reported three factors that 

explain the majority of the variance which are executive dysfunction, memory, and verbal 
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attention. Hendershott et al113 reported five cognitive domains with respective sensitivity and 

specificity of executive function (89.3% and 82.5%), visuospatial (93.3% and 45.7%) and 

memory (84.6% and 56.5%), language (68.8% and 71.0%), and attention (59.1% and 79.4%).  

MMSE. The MMSE is another test to measure cognitive impairment. It is a 30-point 

questionnaire commonly used to screen for dementia but does not truly detect cognitive deficits in 

early stages of PD.110,114-116 Although the data for the current study did not include cognitive 

parameters, future clinical trials could address the cognitive changes exhibited when therapists 

employ newly developed interventions. 

Assessment of Outcome Measures in Individuals with PD 

The majority of the measures for temporal parameters of gait proved to be good resources 

for documenting change, thus giving clinicians and researchers a battery of tests to select from 

depending on the person’s level of disability. Additionally, since nearly all tests allow for the use 

of an assistive device, individuals in later stages of disease progression can be included. Even the 

6MWT, which is a measure of aerobic capacity and cardiopulmonary function, is appropriate 

because it allows for rest breaks if needed. This allowance makes it useful to early as well as 

more progressive stages of PD.75 Advancements on the DGI are beneficial for individual with PD, 

as the DYPAGS incorporates components that this population struggle with during ambulation, 

whether at home or in the community.78 While it is important to improve spatial and temporal 

parameters along with endurance, a person’s safety is necessary when more complicated actions, 

such as obstacle avoidance and dual-tasks during gait, are required because these more complex 

activities are needed for community mobility. Because of their software components, motion 

analysis systems, such as the GAITRite and Zeno Walkway Systems are deemed the ideal choices 

for measuring spatial and temporal parameters of gait.84,85,91  
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While there are tools for appropriately measuring the functional status and safety of a 

person with PD, some limitations exist. One limitation is the restriction for including persons 

classified with a later Hoehn and Yahr stage. As most of the measures assess functional mobility, 

the PD sample groups tend to range from Hoehn and Yahr stages I to III. This fact potentially limits 

the ability to show progress in those in the later stages. At this time, there are few assessments that 

target the impairments and functional issues seen in people later in the disease process.  

A limitation of the gait portion of the Tinetti Performance-Oriented Mobility Assessment 

Tool is its lack of sensitivity in detecting changes in gait of people with PD. Behrman et al.37 

found that when participants with PD were given various external cueing, the Tinetti assessment 

tool was not able to detect the subtle changes that a motion analysis system is able to detect. This 

shortcoming could be attributed to the general nature of the testing items indicating that, for the 

PD population, the Tinetti would not show significant progress after interventions. Similar issues 

are present in the BBS as well, indicating its limitation for showing functional gains.48 The Mini-

BESTest demonstrates the best psychometric properties for detecting change in balance and 

postural stability in this population. The reduction of items from the BESTest allows it to be 

completed in a shorter time frame and addresses static, dynamic, reactive and adaptive postural 

strategies.49,57 

ELECTROMYOGRAPHIC MEASUREMENTS 

The purpose of the literature review of electromyographic measurements (EMG) is to 

provide a general overview of muscular contractions and EMG signal recording, interpretation of 

raw data accumulated, testing protocols, applications of EMG data, use of EMG in the PD 

population, and EMG studies for gait analysis.  The information presented demonstrates the 

reliability of EMG testing and the protocols necessary for collecting data. With an understanding 
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of testing procedures, interpretation of data and applications, and the neural and muscular 

challenges of the PD population, a research study can be devised to further the knowledge of the 

benefits of external cues for functional movement. 

Measured changes in physical performance, safety, and self-reported disability are 

important for the development of patient treatment and assessment. EMG measurements are 

another tool which provide researchers and clinicians with the ability to objectively assess 

changes in motor recruitment either with different stimuli or after training.117 EMG is defined as 

“…the study of muscle function through the inquiry of the electrical signal the muscles 

emanate.”118 EMG records myoelectric signals formed in the muscle fibers. The EMG 

measurements focus on recording the timing of muscle activity and intensity of the contraction. 

Both the neural and the muscular systems are involved in the process. The ability of the signal to 

detect these changes allows for assessment of motor units after an injury or disruption to the 

system.117 

A motor unit is the basic functional unit of muscle contraction and consists of a motor 

neuron and the skeletal muscle fibers innervated by that motor neuron's axonal terminals.  The 

muscle fiber contracts when the action potential of the motor neuron reaches a depolarization 

threshold due to sodium ions moving through the cell membrane. The contraction results in a 

monopolar electrical burst that produces a small voltage resulting from shortening of the 

contractile fibers. EMG signals are based upon these action potentials and the amplitude can 

range from zero to 10 microvolts prior to amplification.117,119,120 The sum of the magnitude of all 

innervated fibers of the action potentials collected by the EMG is the motor unit’s action potential 

(MUAP). As the EMG signal is recorded, the magnitude is influenced by the amount of recruited 

muscle fibers and the firing frequency.  
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Recordings of EMG activity, amplitude and power, depend on properties within the muscle 

fibers and the timing of these contractions. The recordings can reflect peripheral and central issues 

of the neuromuscular system.120 The factors that can impact the surface EMG are size and shape of 

the muscle, subcutaneous tissues layered on top of the muscle fibers, impedance, cross talk of 

nearby muscle groups, synchronization of motor units, and conduction velocity. The technician or 

researcher must minimize as many factors as possible that will interfere with the surface EMG 

recording of the appropriate muscle activity. 120 Another method of minimizing error is to 

standardize the testing procedure. The parameters to standardize are load, angle, and range of 

motion, velocity, duration, and initial conditions. Providing consistency in application allows 

subjects to be compared on a designated task. Without consistency during EMG collection, the 

information collected on each person would not be statistically comparable to others in the 

study.119  

The unfiltered recording of the MUAPs, called the raw EMG signal, is random in shape 

and no one fiber produces the exact same signal twice in a row. There are several factors that 

influence the EMG signal that are classified as causative factors, immediate factors, and 

deterministic factors. Causative factors can be extrinsic, which refers to electrode placement, 

shape, and surface contact, and intrinsic, which accounts for the physiological and anatomical 

components unrelated to the electrode. Immediate factors are influenced by the causative factors 

and result as EMG signals are being recorded. Deterministic factors are influenced by the 

immediate factors as the number of motor units recruited and interaction of the muscles impact 

the signal recorded.117  

To maximize the quality of the recorded EMG signal, the signal-to-noise ratio must have 

more signal than noise and the possible distortion of the signal must be reduced. EMG signals in 
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the raw form provide little useful information and need to be converted into data that can be 

quantified for analysis.117 Full wave rectification converts all amplitudes to positive values to 

better read the standard amplitude parameters of mean, peak value and area under the curve. To 

minimize the non-reproducible parts of the signals, the steep amplitudes are removed through one 

of two algorithms, moving average (Movag) or root mean square (RMS). Both algorithms are 

defined by a time window called an epoch and typically work best between 50 and 100 

milliseconds. Movag estimates the amplitude behavior and relates to the area under the curve of 

the selected epoch. RMS is the preferred method and represents the mean power of the 

signal.119,121,122  Burden et al123 reported that errors are reduced when a shorter window or higher 

cut-off frequency is used for analysis of gait. To process gait EMG, some authors have 

recommended a cut-off of at least nine Hertz (Hz) with a minimum of least six to eight strides.124 

There is disagreement on the number of gait cycles needed, as Arsenault et al125 reported the 

average of three strides of EMG data provided gait information as reliable as 12 strides. EMG 

analysis of muscles during exercises has demonstrated the length of the RMS window affects the 

variability of the signal recorded and recommended the use of the mean rather than peak EMG for 

comparison.123 The amplification of the gain setting also affects the calculation of the activity 

level of the muscle as determined by the RMS. This effect indicates the necessity for the gain 

setting of any particular device to be uniform throughout all tasks being compared for analysis.126  

Maximum voluntary contraction (MVC) is used to normalize the uncertainty in EMG 

analysis by converting the microvolts of the amplitude to a percentage unit for comparison of 

change. The contraction is isolated to the specific muscle being tested and requires proper 

fixation of the limb to ensure the purest contraction. The isolation of the muscle contraction and 

the proper fixation of the limb is repeated on each muscle being assessed during the testing 
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process. The participant performs a maximum effort contraction for three to five seconds and 

repeats it three times with a 30 to 60 second rest period between each contraction. Normalizing 

the MVC is necessary to use percentages when referencing the amount of change in a muscle’s 

contraction during various conditions. This data allows for statistical comparison and analysis.119 

Burden127 reviewed the various methods for analyzing EMG data in a literature review. The 

review reported that the Journal of Electromyography and Kinesiology (JEK) and the Surface 

EMG for Non-Invasive Assessment of Muscles (SENIAM) project’s guidelines both recommend 

using the MVC for normalization when comparing isometric contractions. The SENIAM project 

furthers recommends dividing the experimental condition MVC by the reference condition MVC 

to create a percentage comparison. Both sources recommend the static isometric contraction but 

also acknowledge that the contraction could be dynamic. The review further stated both the JEK 

and the SENIAM findings were inconclusive as to when an isometric versus a dynamic MVC 

should be used.127  

While the use of the MVC has been the method typically recognized and used, there are 

some limitations to this approach. One limitation is that the MVC can produce values exceeding 

100% which indicates that the functional activity yielded a greater EMG contraction signal than 

the isometric MVC being used for standardization.128,129 A submaximal contraction can be used 

for normalization when a person or group of participants have a neurological condition, illness or 

injury.127 Shiavi et al124 reported that lower extremity muscle activity varies with varying speeds 

and that the activity is more variable when an individual walks at a slower speed. This 

inconsistency makes it more difficult to use MVC as a manner of normalizing for comparison of 

the muscle being tested. Two studies assessed the repeatability of three methods for normalizing 

EMG activity through exercise, cycling, and running. Each reported more variability with the 
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MVC method between subjects and recommended dynamic methods for normalization.130 

Burden127 also discussed the disagreement in the literature regarding dynamic contractions during 

functional tasks and the ability to compare these to isometric contractions because of the 

differences in joint angles and muscle lengths between the two types of contractions. The article 

recommended the use of a dynamic MVC if the muscles and conditions compared are similar in 

nature.127 Yang and Winters131 also indicated the ability to normalize EMG recordings within 

walking trials to reduce variability as compared to MVC during gait analysis. 

EMG recordings supply five categories of analysis that give insight into the activity of 

the muscle being assessed. The basic categories are: 1) if the muscle is on or off, 2) if the muscle 

is more or less active than another, 3) when the muscle turns on and off, 4) how much activity the 

muscle has, and 5) if the muscle is fatiguing.119 The simplest analysis is whether a muscle can 

achieve a contraction by determining if it turns on and off. The muscles of individuals with 

abnormalities in motor control need to be analyzed with caution, as muscles with hypertonicity 

can appear activated, even in the relaxed phase, due to involuntary contractions and not due to 

true strength. EMG recordings used for the comparison of muscle activation between two muscle 

groups or during two different conditions will provide information concerning the contractile 

ability of the muscle. EMG results can also be used to define when the on and off phases of 

muscle contraction occur. This analysis is more complicated than simply determining if the 

muscle contracted, as it also shows when the contraction began and when it stopped. A researcher 

or therapist can collect data during ambulation that will assess pathological gait and give a picture 

of the muscular activity pattern. EMG amplitude shows how much the muscle is active during a 

tested contraction. Microvolts are not an accurate measure for this assessment because of the 

potential for the condition to vary. MVC normalization is required to reduce the external 
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influence of the recordings. EMG data is also useful in determining the effect of an intervention 

on a particular muscular contraction during a certain activity. Finally, the ability to analyze 

muscle fatigue is another dimension for determining the contractile properties of a muscle. The 

muscle fatigue index can discriminate weak muscles and provide information concerning the 

effectiveness of strengthening programs as a decrease in the fatigability could indicate an increase 

in overall muscle strength.119,121  

For persons with PD, EMG activity has been studied to determine how much muscle 

activation is occurring along with the timing of these contractions. Neurological components to 

muscle weakness include reduced firing rate, decreased motor recruitment, decreased contraction 

and relaxation times, and abnormal co-contractions. The timing refers to how quickly the muscle is 

activated after the stimulation travels from the central nervous system to the peripheral muscle 

fibers. Comparison of the anterior tibialis muscles of individuals with PD to healthy matched 

controls indicated changes in the motor units of individuals with idiopathic PD, suggesting the 

spinal motor neurons are susceptible to damage that could result in abnormal firing rates.132 

Muscular contraction changes have been detected through surface EMG of the biceps brachii 

muscle and are distinguishable between individuals with PD and those with no neurological 

involvement.133  

Further studies are needed to determine if data from EMG could have some preclinical 

diagnosing abilities for those with PD.134 Marusiak et al135 determined, through surface EMG data 

of the biceps and triceps brachii, that the progression of the disease did impact the relative force and 

median frequency produced by the agonist and antagonist muscles. The triceps brachii showed a 

higher median frequency indicated by changes through surface EMG in the participants with PD. 

EMG signals in individuals with PD exhibit an increased tonic background activity and alternating 
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pattern of EMG bursts indicating that EMG from this population possibly needs to be analyzed 

through specific techniques. The techniques that may offer more effective analysis of EMG in 

individuals with PD are the nonlinear or morphological methods rather than the traditional 

amplitudes and mean frequencies.136 Robichaud et al137 also studied the duration of burst during 

elbow flexion and extension and noted that not only did the duration of the EMG burst distinguish 

between individuals with PD and healthy controls, it also correlated with disease severity within the 

tested sample. In addition, muscle rigidity has been noted to produce an increase in motor unit 

recruitment even at rest, which correlates with the clinical rigidity associated with PD.138  

Given the abnormal nature of muscle contractions within an individual with neurological 

impairments, analysis of EMG data can be more complex. There have been multiple studies 

assessing EMG activity in various lower extremity muscles during gait in the neurological 

population, but minimal agreement on the best method of analyzing the information recorded. A 

systematic review by Rosa et al139 highlighted the inconsistencies noted between research studies. 

The review focused on gait and determined differences in electrode placement, processing signals 

with filters, normalizing, and the method of assessing the duration of contraction among individuals 

with neurological impairment. The biggest issue discussed was the lack of guidelines for how to 

normalize surface EMG signals. While multiple articles did use MVC to normalize, Burden and 

Bartlett140 noted increased inter-subject variability with this technique, as individuals with 

neurological impairments may have difficulty achieving a maximum contraction to be used for 

comparison. Statistical methods of normalization for patients with PD involves the same two 

methods as discussed earlier. Researchers report results either using a mean ensemble value 

(average value for a timed portion of the movement cycle) or peak ensemble value (amplitude or 

maximum contraction during a movement cycle).131  
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Human gait involves the coordination of multiple lower extremity muscles working 

together to improve progression, stability and adaptability. One gait cycle is the time measured from 

initial contact to initial contact of the same foot and consists of a stance phase and a swing phase. 

The stance phase is the period of time that the foot is on the ground and comprises about 60% of the 

gait cycle. The swing phase is when the foot is off the ground and moving forward and comprises 

about 40% of the gait cycle.141 Gait classification recognizes five phases of the stance phase: initial 

contact, loading response, midstance, terminal stance, and preswing and three phases of the swing 

phase: initial swing, midswing and terminal swing. Typically, only gait cycles that demonstrate 

these segments clearly are used during EMG analysis. The gait cycle can be quantitatively analyzed 

using a pressure sensitive sensor on the bottom of the foot or shoe or a computerized walkway.142 

The gastrocnemius/soleus complex muscles are responsible for plantar flexion of the foot at 

the ankle joint and the tibialis anterior muscle is responsible for dorsal flexion. They are antagonists 

that help control the ankle movement during the phases of gait. In the healthy population, the 

tibialis anterior is most active from pre-swing to loading phase and the gastrocnemius from foot flat 

through toe-off.143,144 While Di Nardo et al145 have determined that there is a short activation period 

of the tibialis anterior during stance phase as well as swing phase, and stated that this activation 

could be due to its role as an invertor for stabilization, the majority of the muscle’s activation 

continues to occur during swing phase. The gastrocnemius has been further assessed in relation to 

the medial and lateral aspects of the muscle. Through EMG analysis during gait, the medial 

gastrocnemius has been shown to be more active than the tibialis anterior muscle throughout the 

entire gait cycle.146,147  

For years, abnormalities in the gait cycle have been noted in the tibialis anterior and 

gastrocnemius musculature for those with PD as compared to healthy, older adults. Knutsson148 
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reported that individuals with PD walked slower and had a decreased stride length, swing/stance 

ratio, double limb support percentage and time, and symmetry. His theories for this behavior 

suggested that reduced voluntary muscle activation, increased involuntary muscle activation, 

decreased forward progression, and decreased speed to control motion contributed to the gait 

abnormalities.148 In healthy individuals, the tibialis anterior is most active during swing phase and 

the gastrocnemius during stance, but significant differences have been reported for individuals with 

PD between the two muscles for symmetry along with reduced timing of activation in the 

gastrocnemius.143,149 A reduction in gait speed impacts the amount EMG signal during ambulation 

of lower extremity muscles. Ambulation at slower speeds in healthy individuals has shown to 

reduce EMG amplitudes.150 Dietz et al151 found that compared to healthy age matched controls, 

individuals with PD have a reduced EMG amplitude signal of the gastrocnemius and greater 

amount of co-contraction between antagonistic muscles of the lower extremities. Additionally, in 

this study and a later study, the amplitude of the EMG signal in the leg extensor muscles was 

reduced in combination with increased difficulty changing stride cycle frequency and stride 

length.151,152 These studies physiologically support what had been formerly observed regarding 

motor changes in those with PD. 

EMG has been used to differentiate normal gait from gait seen in people with PD as well as 

document the amount of muscle involvement as the disease progresses. Additional studies are 

necessary to determine if PT interventions can affect the timing of muscle activity and its intensity. 

The purpose of this study is to use the data provided by EMG to evaluate the influence of auditory 

cues on muscle contraction for individuals with PD. 
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TREATMENT INTERVENTIONS TO PROMOTE FUNCTIONAL CHANGE  

 PT strives to restore and improve function and mobility to enhance independence and 

QoL. Before a person begins to show the clinical signs of PD, up to 60% of one’s dopamine is 

reduced, and as the disease progresses, the decrease continues to worsen. PT professionals can 

address the clinical manifestations caused by the decrease in dopamine and develop appropriate 

programs to delay the patients’ physical decline and help maintain their mobility and QoL for as 

long as possible. Even though patients work with their neurologists to create the most appropriate 

pharmacologic regimen to replace the lost dopamine and delay progression, there are several 

impairments that cannot be corrected with drugs. These include freezing, festination, and postural 

instability. They must work in collaboration with the patient’s neurologist to develop the best 

balance between drugs and rehabilitation to promote function and safety.153 PT related 

interventions reviewed in this section include general therapeutic exercise, dance strategies, 

amplitude based interventions, and gait training focusing on treadmill training and auditory 

cueing.  

General Therapeutic Exercise and Activities 

Multiple areas of general exercise and activity have been empirically studied in the PD 

population. Some of these involve the intensity of the exercise, quality of the movement, and 

inclusion into everyday recreational activities.  General exercises consisting of strength training, 

stretching, walking and other cardiovascular activities have been shown to improve functional 

mobility, velocity, balance strategies, and occasionally QoL. In several randomized control trials, 

the intensity of the exercise program has shown to positively impact a participant’s progress. 

Those undergoing more intensive programs for longer durations or multidisciplinary programs 

have demonstrated significant increased changes as compared to those who complete basic 
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general exercise programs. These changes include improvements in the UPDRS, velocity of 

walking, postural stability, dyskinesia, QoL, medication reduction and corticomotor 

excitability.154-157 The literature supports the neuroplasticity principle that intensity is necessary to 

make changes within the brain. Some reviews have incorporated cognitive tasks into motor 

activities during training sessions and found that those presented with the cognitive tasks showed 

more improvements in balance and gait.158 Petzinger et al159 found that improvements in 

executive function and working memory occurred through aerobic activity training. The 

important point consistent throughout the literature is that moderate to high intensity activity is 

necessary to induce neuroplastic changes in individuals with PD.160,161  

Multiple studies have attempted to determine the best “exercise program” to promote 

changes in people with PD. The main consensus is that there is not one program that is ideal. Due 

to the variable nature of PD, an exercise program is better when individualized based upon a 

person’s condition. A systematic review documented that people with PD demonstrate a high 

adherence to exercise regimens but tend to have more success when the program had a flexible 

schedule, the participants had no cognitive deficits, and were Hoehn and Yahr stages I to III.162  

Some studies have specifically aimed to promote a change in postural stability and 

overall balance in people with PD, as this has been identified as one of the main motor 

dysfunctions impacting QoL.163 Rinalduzzi et al164 determined that the factors contributing to 

postural instability in the PD population are disruptions of the sensory organization systems, 

abnormal scaling in response to postural disturbances, increased muscle tone or rigidity, and 

slowness of the peripheral and central systems to detect and create motion. In a pretest posttest 

design, 30 patients in a rehabilitation facility completed four weeks of balance training using a 

balance simulator and were measured with the TUG, BBS, and postural instability indices of the 
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Biodex.7 The groups showed improvements in the TUG from 21.8 ± 12.91 s to 17.8 ± 9.29 s (p < 

0.001) and the BBS score from 42.6 ± 11.16 to 48.4 ± 7.06 (p < 0.001).165 Gobbi et al166 

compared two groups of people with PD, one group that completed aerobic capacity exercises for 

three times a week for six months and another group that completed general exercises of 

stretching and strengthening one time a week for six months. Despite the differences in activities 

and frequency, both groups demonstrated significant improvements in the BBS (p = 0.004) and 

TUG (p = 0.036) with no significant differences between each group (p > 0.05). This study 

demonstrates the potential for people with a progressive neurological condition to make balance 

improvements when exercise, either aerobic or general, is incorporated into their treatment 

schedule.166 

Robot-Assisted Gait Training 

With the advancements of technology, more contemporary methods of exercise for 

improving balance have been developed and used in the PD population. Robot-assisted gait 

training has not been shown to be superior to traditional balance activities as both groups show 

progress in the UPDRS (p = 0.862), BBS (p = 0.741), TUG (p = 0.443) and ABC scale (p = 

0.352). Each group underwent 12, 45-minute sessions of either robot-assisted gait training on the 

treadmill or balance exercises and there was not a significant difference between the groups. 167  

Virtual Reality 

The incorporation of virtual reality modalities, such as the Wii Fit8 and other customized 

computer games, has not been shown to have a greater effect on postural stability than general 

exercises and over ground activities.168,169 The only virtual reality intervention that has been 

                                                           
7 Biodex Medical Systems, 20 Ramsey Rd., Shirley, NY 11967 
8 Nintendo, 4600 150th Ave NE, Redmond, WA 98052 
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shown to promote significant changes was a Wii Fit game that had a dance component. The 

exercise group in this study had significant improvements on the BBS (p < 0.05), Modified 

Barthel Index (p < 0.05), and Beck Depression Inventory (p < 0.05).170 A limitation of this study, 

as will be discussed later, is that the experimental group received the additional dance component 

while the other group did not receive any Wii Fit activity. The results are inconclusive as 

improvements could be attributed to the Wii Fit activity or to the auditory cueing of the music.  

Azarpaikan et al171 showed that in a short duration invention phase, participants receiving 

correct visual feedback performed significantly better in measures of Limits of Stability on the 

Biodex (p < 0.001) and the BBS (p < 0.001) than the subjects who received incorrect feedback. 

These findings align with motor control principles that correct feedback facilitates motor learning 

when attempting to help the individual internally recognize areas of stability to better control 

balance when standing. While the majority of the research does not support virtual reality 

interventions over traditional exercises, the novelty and interactive nature of the games could 

prove to be more enjoyable and motivating for participants during therapy and thus increase their 

value during PT sessions.  

Aquatic Therapy 

Another contemporary approach to balance treatment is the use of aquatic therapy. Due to 

the dynamic movement patterns of the water, this therapy is believed to promote the use of 

adaptive movement strategies needed for postural control. When participants with PD who 

completed aquatic therapy were compared to a land based intervention group, they demonstrated 

significant differences in posturography scores, UPDRS, TUG, BBS, ABC scale, FES, and the 

PDQ-39 (p < 0.002 for all) after post hoc analysis. While both groups improved, the aquatic 

therapy group improved by a greater amount demonstrating this particular modality’s added 
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effectiveness.172 Vivas et al173 showed similar results a few years before in a randomized control 

trial of water based therapy compared to traditional land exercises. There was a significant 

difference between the groups for UPDRS score and BBS (p < 0.001). Another randomized 

control trial compared land plus aquatic to land only rehabilitation. Each group received similar 

activity in terms of duration and intensity. All groups demonstrated a significant improvement in 

BBS, UPDRS, and TUG (p < 0.0001), but there was no difference between groups.174 When 

measuring gait variability using a motion capture system, a randomized control trial compared 

aquatic to “usual care.” The aquatic intervention was found to be safe for the individual with PD, 

and there was a significant improvement in motor disability in the aquatic group on the UPDRS 

(p = 0.01, r = 4.5), but there was no difference in gait variability between groups at the posttest. 

An exit questionnaire was administered that reported the aquatic exercise to be enjoyable with 

90% of the participants expressing an interest to continue.175 When comparing two different 

aquatic programs, low-intensity and muscular resistance, more remarkable improvements were 

noted in the muscular resistance program in motor symptoms (p = 0.12) as measured by Part III 

of the UPDRS. Both groups reported a significant improvement in QoL (p < 0.02) as measured 

by the PDQ-39, but there was no difference between groups.176 

Tai Chi 

Tai Chi is another modality that could be used to facilitate balance improvements. Tai 

Chi is a “mind-body exercise consisting of proper breathing and slow controlled movements.”177 

The geriatric population has been studied to determine the effect of Tai Chi in improving balance, 

functional mobility and overall safety. In a meta-analysis by Zhou et al177, results showed that 

there are some benefits in balance and motor function after a Tai Chi program for people with 

PD. Although the studies reviewed consisted of small sample sizes, significant improvements 



55 
 

were noted. There is not much published literature on Tai Chi’s improvement in gait, but this lack 

is possibly due to the nature of the whole body movements required during a Tai Chi session. The 

focus is on slow, deliberate movements with static holds that potentially do not incorporate the 

needed movement components involved in ambulation.  

Tango Dancing 

To promote physical activity in the PD population, intervention options in recreational 

activities such as dancing have begun to be studied. Dancing is an activity that involves multiple 

directional and speed changes, balance control and concentration. Along with the benefits of 

these movement patterns, the art of dancing involves a partner which encourages social 

interaction. One form of dance that has been shown to be successful at promoting progress in 

multiple areas of deficiency in the PD population is tango. The dynamics of tango dancing 

include starting and stopping movements and spontaneous directional and speed changes. The 

movements involved in tango dance are believed to combat some of the clinical symptoms 

occurring in PD such as slower movements, transitioning difficulty, and festinating gait pattern.178 

One study demonstrated a significant improvement in the in the tango group over the control 

group in the Mini-BESTest (p = 0.032), TUG regular (p = 0.42), and TUG dual task (p = 0.012). 

It was also shown to be enjoyable as the attrition rate during studies was low, participants 

reported a desire to continue the classes, and overall satisfaction was significantly higher than the 

control group (p < 0.001).179  

Blandy et al180 showed that a tango dance program could be safely administered to 

individuals with PD. When compared to a control group, those completing a tango exercise 

program did not have a significantly higher rate of adverse events (p = 0.41) and adherence to the 

four-week program was 89%.179 Likewise the participants showed a significant improvement in 
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depression scores measured by the Beck Depression Inventory. After 62 individuals with PD 

completed a randomized control trial consisting of a 12-month treatment program that consisted 

of a tango class or a general exercise class for the control group, those in the tango group 

demonstrated an increase in new activity involvement from 77% to 90%, whereas the control 

group remained around 80%. The tango group reported a 2.6 ±3.9 increase in new types of 

activities added to their daily routine which was significant from baseline (p < 0.001) at three, six, 

and 12 month follow ups as compared to the control group of 1.4 ± 3.6 improvement in new 

activities with no significance (p > 0.31). There was also a significant effect of time spent in 

performing new activities in the tango group (p = 0.003) and not in the control group (p = 

0.71).181  

Most studies that have demonstrated improvements in functional measures occur when 

the subjects complete the tango class for a minimum of 20 total hours over 3 months or longer. 

Studies have noted that many movement repetitions are required to elicit neuroplastic changes in 

the brain. Most studies reviewed utilized spouses or caregivers as the partners, and alternated all 

subjects between being the follower or the leader regardless of gender. This method allowed for 

subjects to have equal time moving forward and backward. All studies using the MDS-UPDRS 

and PDQ-39 showed significant improvements (p < 0.05), which is beneficial in that the subjects 

felt the intervention made improvements of their symptoms and QoL.178,182,183 Most studies 

indicated significant improvements between the tango groups and the control groups in balance, 

as measured by the BBS and Mini-BESTest, gait velocity, and FOGQ.183-185 McKee and 

Hackney186 showed consistent results as the previous literature in a randomized control trial with 

23 individuals with PD who were assigned to a tango group and eight who were assigned to an 

educational group with no mobility training. After 20 sessions, there was as significant group x 
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time interaction (p < 0.05) for UPDRS and Brooks Spatial Task. There was a significant main 

effect of time (p < 0.05) for the Four Square test and MoCA. A systematic review and meta-

analysis of randomized control trials indicated that while participants who completed tango 

classes improved in areas of balance and gait quality, the significant improvements were noted in 

velocity and measures assessing freezing after an intervention phase of three months or longer.178  

Lee Silverman Voice Training® (LSVT®) BIG  

Due to the cardinal signs of bradykinesia and rigidity, people with PD develop a unique 

movement pattern that results in a continual decrease in amplitude as the disease progresses. 

Individuals with PD have difficulty expanding their movements through the full available range 

necessary to complete many functional activities and ambulate safely. The LSVT® BIG program is 

derived from the original speech therapy program developed for people with PD by the LSVT® 

Global Corporation.187 The LSVT BIG program strives to improve function by training individuals 

to move their entire body in larger movement patterns to facilitate normal function. The program 

consists of a standardized, seven exercise routine that is completed four days a week for four weeks. 

In addition to the exercise protocol, the individual participates in exercises incorporating larger 

amplitude movements in a hierarchical task format. The task is an everyday activity that is 

important and meaningful to the person and can be a specified task or hobby. The progression from 

basic exercise movements to a more complex functional activity is utilized to facilitate task 

specificity improvement. The purpose of the intensive program is to promote remodulation of the 

motor system to improve a person’s quality of movement.187 

In one study, after a four week LSVT® BIG 50-minute training session, the intervention 

group showed a significant increase in speed of upper and lower extremity movements as compared 

to the control group. For reaching, there was a significant increase for the preferred (p < 0.0005) 
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and fast (p < 0.0005) speed conditions. During gait, the participants demonstrated an improvement 

in velocity (p = 0.01)  and stride length (p < 0.004) but not a significant change in cadence (p = 

0.91).188 Ebersbach and colleagues189 compared three separate groups, those completing the LSVT® 

BIG training, those completing Nordic walking training, and a group completing instructed 

exercises on a home basis. There was a significant difference in the MDS-UPDRS motor subscale 

(p < 0.001), TUG (p < 0.05), between the LSVT® BIG group and the other two, and the 10-meter 

walk test was significantly different between the LSVT® BIG group and the home exercise group (p 

< 0.05). There was not a difference between the Nordic walking and home exercise group on any of 

the measures, indicating the superiority of the LSVT® BIG protocol to general exercise. Limitations 

of the LSVT® BIG protocol are the time and the commitment involved to complete the program 

correctly. A level of intensity has been documented to be essential for neuroplastic changes 

necessary for improving mobility on a long-term basis.  

One study aimed to determine if a modified version of LSVT® BIG could be administered, 

one that consisted of a training program for five days a week for two full weeks. The researcher 

found that while the participants in the shorter program did show improvements, these gains were 

not as great as those in the traditional four-week program. Significance was found for the following 

variables: UPDRS-III both programs (p < 0.001), TUG full program (p < 0.001) and short program 

(p < 0.05), 10-meter walk full program (p < 0.001), 6MWT full program (p < 0.001), Box Block 

Test both programs (p < 0.001), and step length full program (p < 0.001). The group that performed 

the full program also had a significant improvement over the short program in personal and 

physician perception of improvement (p < 0.005) with 70.6% in the full group reporting perceived 

improvement compared to only 17.6% in the short program group.190  
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Dashtipour et al191 found that when the LSVT® BIG program was compared to a traditional 

one-on-one exercise program of the same duration and intensity, there were no significant 

differences between the groups, with both showing improvements in the motor components of the 

UPDRS and nonmotor symptoms of depression, anxiety and fatigue.  The LSVT® BIG protocol has 

been shown to be an effective program to improve quality and speed of movement in the PD 

population. But for those who may not have access to a certified therapist, there are alternatives 

available which incorporate the strategies that have been shown to improve movement in 

individuals with PD. One study combined the principles of the LSVT® BIG program with virtual 

reality and found positive results in average acceleration and speed of upper extremity movement 

during functional movements, such as reaching.192 A limitation is that the group was not compared 

to a control of either only LSVT® BIG exercises or only virtual reality; however, this is an 

interesting model combining two therapies that have shown positive results in previous literature.  

Locomotor Training 

As a person progresses through the stages of PD, the largest deficit develops in 

ambulation, especially with the onset of postural instability. Multiple studies have shown that 

individuals with PD have a slower velocity, shorter step length, and increased time in stance 

phase as compared to healthy controls. Additionally, the variability of step length and velocity 

increases as they progress through the stages of the Hoehn and Yahr scale.193 Further analysis 

revealed that individuals in stages I and II did not have a significant difference in stride time and 

step length coefficient of variance, but those in stages III and IV exhibited a significant difference 

(p < 0.001).193 Even within a certain stage, a person can experience a variable gait pattern 

throughout the day based on medication schedule, level of fatigue, or complexity of action being 

performed.  
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Mitoma et al194 followed 22 individuals with PD over a 24-hour period while they wore a 

portable gait recorder device. Most participants in this study were in stages II and III, but several 

in IV, and one in stage I, showing some heterogeneity in their sample. People in all stages 

demonstrated a fluctuation in their gait patterns throughout the day, and the decline corresponded 

with the participant’s main impairments. For example, individuals with bradykinesia tended to 

have a slower gait cycle. When healthy adults, both younger and older, were comparted to adults, 

both younger and older with PD, the participants with PD exhibited a significantly lower postural 

coordination index, measured by the GAITRite, in a variety of conditions. The postural 

coordination index measured the accuracy and consistency of the timing of stepping phases, with 

the higher the score indicating less coordination and control.  All participants were instructed to 

walk 50% above preferred cadence, 50% below preferred step length, and a combination of the 

two. The results noted the postural coordination index values were significantly different among 

the four groups (p < 0.001) and the conditions (p < 0.001). These results mean that the healthy 

older adults had less control than the healthy younger adults, and the PD groups had less control 

than both healthy groups.195 The safety concerns for individuals becomes even more apparent 

during ambulation as loss of postural control fails to keep them stable.   

In addition to a decrease in the ability to ambulate, independence is also limited to one’s 

level of external assistance, whether from a person or an assistive device. Interventions for 

improving ambulation can come from of a variety of avenues. Individuals with PD have shown 

progress in spatial and temporal parameters of gait immediately following simple cues. In 1998, 

Behrman et al196 demonstrated that in a repeated measures design, all participants (PD and 

healthy controls) showed a significant improvement (p < 0.05) during preferred walking in step 

length, velocity, arm swing, and cadence when given instructional cues. These cues were 
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deliberately swing arms, walking and counting aloud, taking large steps, and walking faster. This 

study showed the positive effects of simple cueing on the PD population in regard to 

ambulation.196  

Treadmill training for gait modifications addresses the neuroplasticity principle of 

repetition and intensity. By promoting a situation that allows a person to challenge the nervous 

system and increase the number of steps taken, change will be facilitated in the brain that can 

potentially lead to positive outcomes. Bello et al197 found that after one session which included 

five intervals of four-minute walks on the treadmill, there was a significant improvement in 

velocity, step length and cadence, especially in the participants with later stages of PD. These 

effects were noted 15 minutes after the completion of the session. A follow up study using a 

treadmill, a treadmill simulator, and over ground walking each separately over three consecutive 

days. The treadmill simulator was a device that required the participant to walk at a preset pace, 

such as a treadmill belt, but over ground. There was a significant difference in step length 

increase and cadence decrease with only the treadmill walking in the participants with PD.198 This 

study shows that a single session of walking at an externally lead pace can lead to positive 

changes in temporal and spatial parameters of gait in individuals with PD. One theory for this 

effect is that people respond well to external cues and treadmill walking provides this external 

cue since the belt continuously moves providing proprioceptive and somatosensory feedback. 

Another theory is because the position and belt of the treadmill are constant, the visual cues 

observed while walking are more consistent, which could decrease the incidence of freezing 

during walking.198  

In addition to reducing freezing, treadmill training has shown significant improvement in 

preferred velocity, stride length, double stance duration, and peak vertical ground reaction force 
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(all p < 0.001), whereas conventional, over ground gait training and no intervention did not have 

significant improvements in these variables. The participants ambulated on the treadmill in one of 

three interventions. The three interventions were speed-dependent session where the speed was 

increased to the maximum level the participant could ambulate without stumbling. The limited 

progressive session involved 30 minutes of walking but no increases in speed or time. The 

conventional session involved 30 minutes of walking with the therapist using proprioceptive 

neuromuscular facilitation techniques over ground.199 Another study by Cakit et al200 found 

similar results with speed dependent treadmill training comparing two groups of participants, all 

Hoehn and Yahr stages I to III. The training group of 21 participants completed 16 sessions 

during an eight-week period which included stretching exercises, range of motion exercises, and 

treadmill training. The treadmill training lasted approximately 30 minutes and included a ramp up 

period to the person’s maximum tolerated speed, a steady hold at that speed for five minutes, and 

then a ramp down to half of the maximum tolerated speed. The control group of 10 participants 

did not complete any interventions but participated in their regular activities throughout the entire 

study. There was not a significant difference in the groups before training (originally, each group 

had 27 participants). After the eight-week program, the intervention group demonstrated 

significant improvements (p < 0.01) in BBS, DGI, FES score, walking distance on treadmill, and 

maximum velocity from their pretest to their posttest. The training group’s maximum tolerated 

speed on the treadmill increased from 1.9 kilometer (km)/hour to 2.61 km/hour.200 

In a longer and more progressive treadmill training study that included 24 sessions over 

six weeks, improvements in gait were also demonstrated. During these training sessions, the 

treadmill walking started at 80% to 90% of the subject’s preferred over ground walking speed to 

help them adjust to treadmill walking. During the first three weeks, the speed was increased to 
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each participant’s preferred over ground velocity, and after week three, it was increased to reach 

5 to 10% above preferred over ground velocity by the end week four. At the end of the 

intervention period, the nine participants showed significant improvement in the UPDRS (p = 

0.043), PDQ-39 (p = 0.014), Short Physical Performance Battery (p = 0.008), velocity (p = 

0.014), stride length (p = 0.012), percentage of swing variability (p = 0.066), and the subject’s 

subjective perception of gait performance using a visual analog scale (p = 0.026) immediately 

after the training sessions. When measured five weeks after completing the intervention protocol, 

the subjects continued to demonstrate a significant improvement from baseline for velocity (p = 

0.028), subjective perception (p = 0.043), and stride length (p = 0.043).201 In a comparison 

intervention study, participants were placed into a either a treadmill group or an over ground 

walking group and completed 15 sessions of walking over five weeks, starting with four rounds 

of four minute walks on their respective surface. An additional four-minute round was added each 

week, but the speed remained unchanged for all five weeks. Post hoc analysis showed a 

significant increase in stride length by 5.70% (p < 0.05) and the TUG (p < 0.05) for the treadmill 

group but no significant change in the over ground walking group with the same measures. The 

treadmill group also maintained their improvements at the one month follow up.202  

Tseng et al203 found that an intervention of 36 training sessions over 12 weeks of 

treadmill walking led to significant improvements in forward and backward velocity, cadence, 

stride length, percentage of swing phase, and percentage of double limb support (p < 0.01). This 

is the first study to assess not only forward walking but also the components of backward 

walking. Individuals with PD frequently have a more difficult time with moving backward due to 

rigidity in the plantar flexors, forward posture and balance issues.203  
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Moving backward instability further increases a person’s risk of falling and becoming 

less independent in the community. More support for treadmill walking has been shown in an 

additional study that also assessed balance changes. Participants walked on a treadmill for 30 

minutes for 18 sessions over six weeks at a speed of 80% of their over ground walking velocity 

with no incline. The posttest results immediately following the intervention showed a significant 

improvement in the Tinetti Balance score (p < 0.005), Tinetti Gait score (p < 0.005), DGI (p < 

0.005), velocity (p < 0.002), stride length right and left leg (p < 0.002).204  

A repeated measures study using pretesting, mid-intervention testing and posttesting had 

participants complete a 24-session treadmill program over eight weeks. The first four weeks 

included forward walking for a maximum time of 30 minutes and the final four weeks 

progressing to multi-directional stepping and increased time. While there was improvement 

during the first four weeks, more improvement was noted after the final four weeks of multi-

directional walking. Most of the participants exceeded the MDC for self-selected velocity of 0.18 

m/s, and all of them exceeded the MDC for the 6MWT of 82 meters. All four participants also 

demonstrated improvements in the Mini-BESTest by exceeding the MDIC of four points.205 A 

larger intervention study is needed to fully understand the how much improvements are related to 

each intervention. Further work is also needed to clarify whether the improvements in multi-

directional training were not simply a result of the increased time on the treadmill in the final four 

weeks. Bryant et al206 expanded on the multi-directional walking focus by having a group of 

participants perform multi-directional walking on a treadmill for 24 sessions over eight weeks 

and assessing the short and long term effects of this program. Immediately following training, the 

participants showed a significant improvement in forward stride length (p < 0.05), backward 
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velocity and stride length (p < 0.05), sideways velocity and stride length (p <0.05), steps per turn 

(p < 0.05) and timed 5-step test (p < 0.05).206 

Another study incorporated perturbations during treadmill walking in an experimental 

group and compared the results to a control group of only treadmill walking. The researchers only 

measured immediate effects after one session as a pilot study to gain information on this 

technique. They found that there were no changes in gait parameters of velocity, center of 

pressure sway, stride length, stride time, double limb support, step symmetry and cadence in the 

group that only did treadmill walking. The group who experienced perturbations did show a 

significant change in each of these variables: velocity (p = 0.049), center of pressure sway (p = 

0.009), stride length (p = 0.048), stride time (p = 0.052), double limb support (p = 0.005), step 

symmetry (p = 0.033), and cadence (p = 0.048).207 While this study does align with previous 

findings, one must note that it was a single session intervention study. Previous research 

suggested that for significant changes to occur in temporal and spatial parameters of gait period 

of training sessions, a minimum of 12 sessions must be completed.200-206  

A modification to traditional treadmill training is incorporation of a harness system, with 

or without body weight supported, for locomotor training in individuals with PD. The 

incorporation of a harness system has the potential to challenge a person who would otherwise be 

unsafe on the treadmill at the given task. An initial, single-subject intervention based research 

study used a body weight supported system to look at various parameters of gait. Spatial and 

temporal measurements were taken at baseline before the intervention began and again following 

the last session. The intervention phase consisted of ambulating on a body weight supported 

treadmill system with an initial weight reduction of 16%, and this was reduced per hour of 

training until a final weight reduction was 2%. Training consisted of four sessions over seven 
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days, and each day the participant ambulated three times for 30 minutes each for a total of 90 

minutes. The variables of stride length, velocity, cadence, cycle duration and percentage of stance 

phase all significantly improved from the baseline values (p < 0.01). In addition, components of 

the kinematics improved for ankle angular displacement at initial contact, mid-stance and mid-

swing (p < 0.01), knee angular displacement at initial contact and mid-swing (p < 0.01) and trunk 

displacement at all three phases (p < 0.05).208 Picelli et al209 compared body weight supported 

training to robot-assist body weight supported treadmill training and traditional over ground 

intervention. Participants were randomly assigned to one of the three groups for an equal number 

of 20 in each. The robot-assist system could account for body weight reduction and also regulate 

the step length during training. The robot assisted step length was determined from measures on 

the GAITRite and ranged from 28 to 48 centimeters. Participants using the robot-assist system 

ambulated for a total of 30 minutes with a reduction in body weight support and an increase in 

treadmill speed every 10 minutes. The treadmill training group performed a similar routine with 

the speed increased by the same amount every 10 minutes for a total of 30 minutes of walking, 

but no percentage of weight removed or any regulation of step length. The traditional PT group 

performed over ground conventional Proprioceptive Neuromuscular Facilitation (PNF) 

techniques to improve gait for 30 minutes. While the focus was to improve gait, the exercises 

were completed in side-lying and not during ambulation. PNF was performed at the pelvis to 

facilitate motion with each session having 10 minutes of each of the following: rhythmic 

initiation, slow reversal, and agonistic reversal exercises. Every participant completed 12 sessions 

over four consecutive weeks. Significant differences were found between the robot-assisted and 

treadmill training group as compared to the PNF exercise group in velocity (p = 0.003 and 0.041), 

6MWT (p = 0.021 and 0.048), and stride length (p < 0.001 and = 0.008). There were no 
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significant differences noted between the robot-assisted group and the treadmill group.209 As the 

study did not show any significant difference in improvement in robot-assisted training compared 

to treadmill training, no conclusion can be drawn concerning which method would better serve 

the PD population.  

Another study compared a partial body weight supported training group to an over 

ground gait training group and a control group of no exercise. Each group was assessed on 

UPDRS, 10-meter walk test and instrumented, two-minute walk test. Both experimental groups 

completed 16, 30-minute gait training sessions over a four-week period. The control group was 

instructed to not change their routine or exercise program during the four weeks. Both treatment 

groups showed significant improvements in the UPDRS (p < 0.001) and gait characteristics (p < 

0.05), but the partial weight supported group had a larger effect size (h2 = 0.825 vs h2 = 0.397).210 

Since the body weight supported system has the potential to decrease fear of falling and 

ultimately improve safety and confidence during walking, interventions can be more aggressive 

and challenging.  

In 2014, Takano et al213, found contradicting results after a comparison of a body weight 

supported group and a conventional over ground walking group in individuals with PD. Each 

group completed 24 sessions over three months with 25 minutes of walking per session. The body 

weight supported group started with 20% of body weight removed and progressed to 10% after 

ten minutes of walking. Both control and experimental groups improved during posttesting of 

cadence, UPDRS, velocity and 6MWT. No significant difference in any variable was found 

between groups. Although body weight support treadmill training was shown to be beneficial and 

may be an option for those with a high fear of falling, it is not necessarily better than traditional 

over ground gait training for the PD population.213 Fisher et al154 compared three groups of high-
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intensity, low-intensity, and zero-intensity interventions for 10 participants per group during an 

eight-week program that consisted of 24 sessions. The high-intensity group participated in 

exercises which involved body weight supported treadmill training at a metabolic equivalent 

(MET) level greater than 3.0 with intensity increased either through speed (up to running, if able), 

time, body weight support or lower assistance. The low-intensity group completed stretching, 

balance activities, resistance training, and functional activities maintaining a MET level of three 

or less. The zero-intensity group received educational sessions while sitting. The researchers 

assessed changes in the UPDRS, velocity, sit-to-stand, and transcranial magnetic stimulation 

(TMS). There was a slight decrease in the UPDRS scores and sit to stand for all three groups. The 

high-intensity group had the greatest improvement in stride length at 4.7%, step length at 5.8%, 

and velocity at 4.4%.  The comparison of TMS findings of five participants within each group (15 

total) is very fascinating and novel. TMS is able to stimulate the brain and record excitability of 

the corticospinal motor system captured with surface EMG. The period of time where the EMG 

signals are silent is referred to as the cortical salient period (CSP) durations. Individuals with PD 

have a shortened CSP durations due to the over activation of the pathways, which clinically 

results in increased contraction of a muscle as observed with rigidity and tremors. Only the high-

intensity trained group showed changes in the CSP durations in the posttest. Increase in CSP 

duration, meaning longer silent periods, indicates that at least temporary neurological changes are 

occurring because of neuroplasticity in the PD population showing that improvement can occur in 

the central nervous system in a progressive neurological condition is an extremely positive 

finding.  

Use of a positive-pressure, antigravity treadmill for 24 sessions over eight weeks led to 

improvement not only in walking but also QoL in individuals with PD. Participants in this study 
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completed variations of activities while walking such as changing walking speed, running 

progressing to sprints, skipping and jumping. Significant changes in the UPDRS (p = 0.28), PDQ-

39 (p < 0.005), and walking distance (p = 0.013) were noted after training.211 A study with the 

AlterG9 used a block design focusing on motor, aerobic and mixed training. The training blocks 

on the AlterG focused on challenging the participant’s motor system with variable exercises 

including changes in speed, body weight support, direction, inclination and type of movement 

such as jogging, jumping and skipping during the motor block session and training with heart rate 

monitoring during the aerobic block session. The mixed block focused on maintenance of a motor 

pattern with changes in the performance requirements. Each block was one hour and the 

participant completed 24 sessions over eight weeks, similar to the previous study. Results showed 

a significant change in sit-to-stand (p < 0.001) and speed during dynamic weight shifts (p < 

0.014) after training. No difference was found between the AlterG and mix training group after 

the 24 sessions.212 

Another modification to treadmill training is the addition of external cueing to improve 

the gait pattern of people with PD. The cueing can be from of a variety of auditory and visual 

mechanisms. Visual cueing for individuals with PD have been shown to improve velocity, 

cadence and step length to values that are not significantly different from healthy controls.214 In 

an intervention study to determine the impact of visual cues during treadmill training, 

improvements were found in velocity, step length and TUG scores. The participants completed 12 

sessions over five weeks that included 35 to 45 minutes of walking either on the treadmill only, or 

on the treadmill with visual stepping cues projected on the treadmill belt. The participants’ initial 

step length was measured and increased by 10% to start the visual cue training protocol and was 

                                                           
9 AlterG, 48368 Milmont Dr., Fremont, CA 94538 
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increased as necessary through the remainder of the training weeks. The control group completed 

only the treadmill training with no external cues. The study incorporated participants with Hoehn 

and Yahr stages II to IV who used a harness when needed. Body weight was removed only if the 

participant needed it for safety purposes. Both groups showed improvements in velocity and 

stride length (p < 0.05), but the only the training group with visual cueing had a significant 

improvement in the TUG time. For the training group, the significant improvements in velocity, 

stride length and TUG time were maintained at a two month follow up.215  

A repeated measured design using a pretest, posttest and follow up at four weeks studied 

the effects of treadmill training in combination with virtual reality and compared results to 

previous findings by Herman et al.201 The same protocol was followed consisting of 18 sessions 

over six weeks, but in addition to treadmill walking, the participants watched a screen that 

required them to negotiate obstacles in two planes. Gait parameters were measured using the 

GAITRite. The results showed significant improvements in velocity (p = 0.006), dual task during 

walking (p = 0.032), stride length and time (p = 0.016 and p = 0.046), 6MWT (p = 0.004), and 

improvement in obstacle negotiation. While some of the gait parameter results of velocity and 

stride length were similar to the previous study using only treadmill training, the ability to 

complete dual task activities during ambulation improved significantly.216  

The incorporation of virtual reality into treadmill training has also been studied. A 

randomized control trial studied 302 individuals with PD and compared the two groups on either 

treadmill only training or treadmill with virtual reality training. The participants were recorded 

while walking and could view the recordings in real time and make appropriate adjustments to 

their steps. After six weeks of training for 18 sessions at 45 minutes each, the virtual training 

group showed overall more improvements at the end of the training sessions and at a six month 
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follow up. The virtual reality group also had a 60% reduced incidence of falling.217 The nature of 

the disease process in maintaining the sensory system allows for external cueing to be an 

effective technique to incorporate into a treatment protocol for individuals with PD. In a meta-

analysis by Spaulding et al218, the researchers concluded that auditory and visual forms of cueing 

can improve kinematic parameters of gait, but auditory cues have been shown to be more 

effective in impacting more components of the gait cycle in individuals with PD.  

The important conclusion from the research of treatment interventions to promote 

functional change is that various approaches can bring positive change and improvements in 

individuals with PD. Because change is possible, other interventions should be explored. The 

purpose of this study is to examine another avenue of treatment that can be employed by physical 

therapists. 

NEURAL IMPACT OF MUSICAL INTERVENTION 

While physical therapists have used auditory cues (usually in the form of a metronome) 

for many years, the use of music has been mostly limited to music therapists. With a thorough 

understanding of the functional impact of auditory cueing on gait and knowledge of new 

technologies, physical therapists will be equipped to provide a new dimension of care to their 

patients. Auditory stimuli can be delivered in several ways, and the research reviewed provides 

insight into the different delivery methods, outcomes documented for each method, and 

individual participant’s perception of benefits. 

Auditory interactions are a large part of human life. Individuals without hearing 

impairments use cues from surrounding sounds for a variety of functional activities. Whether an 

auditory stimulus alerts a person of the dangers of a car approaching, soothes a distressed infant, 

or is used for a more recreational purpose, it provides information about the environment. 
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Humans use this feedback daily to adjust their motor actions.  Musical melodies, a type of 

auditory stimulus, generate activity within the brain’s auditory and motor regions even without 

simultaneous volitional movement.219 One study found that when individuals in a comatose state 

underwent music therapy that included a therapist singing a wordless harmony for 8-12 minutes, 

physiological changes occurred. Before, during, and after the experience, the participants’ heart 

rate and breathing pattern were monitored. At the beginning of singing, the participants’ heart rate 

would slow, the breathing pattern became slower and deeper, fine motor movements of the hands 

and head turning occurred, and in some, the eyes opened. As the singing continued or increased 

in speed, the participants demonstrated a rise in heart rate that matched the singing tempo and 

lasted for a period of time after the intervention stopped.219 Although the study included only five 

subjects, results demonstrated the physiological impact music can have. Another interesting 

observation of the study was that these participants did not have the same response to talking, 

indicating that our systems possibly respond more to rhythm rather than to spoken words.  

In individuals with an intact central nervous system, fMRI has noted certain areas of the 

brain are activated when introduced to auditory stimuli. Movement requires input from various 

areas of the brain with the basal ganglia, supplementary motor cortex, and premotor cortex 

involved in more complicated tasks, and the cerebellum participating in correcting individual 

movements.220 Chen et al221 found that when subjects listened to a musical rhythm in a static 

position, with or without anticipation of the upcoming required motor task, the supplementary 

motor cortex, mid-premotor cortex and cerebellum were recruited. This finding, in combination 

with previous work that showed involvement of the basal ganglia in response to a motor task 

combined with musical input, sheds awareness of the potential impact auditory stimulus can have 

on the systems of the brain that control motor movements.220 Grahn and Brett222 studied 27 
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subjects with and without musical training using fMRI at rest to determine which areas of the 

brain activated during two different rhythmic conditions. As supported in other research, the 

supplementary motor cortex, dorsal premotor areas, basal ganglia, cerebellum, superior temporal 

gyrus, and ventrolateral prefrontal cortex were activated with musical training. Motor behavior is 

dependent upon the time structure of the music.223 Auditory cueing is so impactful that it can also 

create changes of the monosynaptic tendon reflex and H-reflex in healthy individuals.224  

Music therapy is an evidenced-based clinical technique that uses music interventions to 

improve specific functional needs of an individual. Those who use music therapy as an 

intervention tool graduate from approved music therapy programs and are credentialed 

professionals. The music therapy techniques can be used to address a wide range of conditions 

including mental health issues, physical disabilities, and social functioning. The use of music to 

heal has been documented in literature since the time of Aristotle and Plato but did not become 

widely recognized until World War I and II as musicians visited wounded veterans in the 

hospitals. Physicians and nurses in medical hospitals noticed the positive impact music was 

having on their patients. While the first music therapy degree was awarded at Michigan State 

University in 1944, today it is a widely studied area that when used in conjunction with other 

interventions such as physical and occupational therapies, it can promote recovery and functional 

improvement.225 The techniques of Neurologic Music Therapy (NMT) were primarily developed 

by Michael Thaut, Gerald McIntosh, and Ruth Rice to utilize the auditory sensory system for 

motor control. 225 NMT incorporates a variety of principles to standardize the clinical techniques 

used in music therapy.226  

The use of music therapy principles has been widely studied in people with neurological 

dysfunctions with an emphasis on PD, as the unique pathophysiology of the disease makes it 
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responsive to this intervention. The disease creates an altered motor unit behavior in patients that 

includes irregular neural discharge patterns, greater number of units recruited, and coactivation of 

antagonist muscles.227 In a randomized control trial, 32 individuals with PD completed 13 weekly 

sessions with either a music therapist or physical therapist. The music therapy sessions involved 

listening to music, singing and playing an instrument, and the PT sessions included traditional 

stretching, strengthening and balance activities. There were significant improvements in the 

UPDRS for bradykinesia and the Happiness Measure used to assess the emotional state (p < 

0.0001) in the music therapy group but not in the PT group.228 One possibility for the 

improvement in bradykinesia is the theory that music provides an external cue, and this cue may 

help to promote changes in internal sequencing.  

The following review of literature was necessary to establish the evidence-based validity 

of the positive effects of auditory cueing on functional movement. Physical therapists are 

currently limited to simple auditory cueing techniques. The establishment of success in auditory 

cueing promotes the need for further research in advanced techniques that would benefit physical 

therapists as they aim to improve of QoL for patients with PD. 

Functional Impact of Auditory Cueing on Gait in Individuals with PD 

In individuals with PD, the disruption in the ability to create appropriate motor responses 

due to the over activation of pathways that inhibit movement leads to timing deficits within the 

motor system.229 However, the sensory system remains intact and can properly receive 

information from the environment. The basal ganglia is a loop system that receives sensory 

information and then produces signals to create an appropriate motor response. The input system 

receives auditory information through the striatum (from projections of the thalamus) which 

project to the output system of the globus pallidus and then up to the supplementary motor area 
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and premotor cortex.230 This system is further developed by the associated auditory areas also 

delivering information back to the basal ganglia which has been shown to impact sequencing, 

timing and behavioral response selection.231 The information provided through the somatosensory 

system “modulates the internal clock of explicit timing in the basal ganglia-supplementary motor 

cortex-premotor cortex circuit” which will help plan and ultimately execute a motor function.232  

When the basal ganglia-thalamocortical circuitry no longer provides input appropriately 

to the premotor cortex, the auditory stimulus provides an additional method to activate the motor 

system by using a loop to the cerebellum and thalamus which indirectly activates the premotor 

cortex through the temporal and parietal lobes. Another theory about the influence of auditory 

stimuli is that by providing the system with predictable cues, temporal expectations are created 

which result in more normalized movements.229 The importance of auditory stimuli contributes to 

the successes seen in the use of auditory facilitation techniques to improve the internal motor 

responses.233 External cueing, either in the form of a visual cue or verbal instruction, can improve 

velocity, stride length and arm swing in people with PD to the same level of performance of the 

healthy controls.196,234  

The use of an auditory stimulus has been found to improve movement strategies needed 

for appropriate gait patterns, by facilitating a person’s ability to interact with the environment and 

create a motor reaction to enhance movement. Movement related motor potentials have been 

shown in individuals with PD to become more predictable and normal with a cue. The 

supplementary motor area of the brain is required to work appropriately for motor potentials, and 

ultimately functional movements, to be performed accurately. Cueing is also thought to relate 

more to temporal rather than spatial aspects of movement.235 Benoit et al.236 determined that 

musical training could impact perceptual impairments in addition to motor dysfunction. During a 
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repeated measures design with testing occurring before, after, and at a one month follow-up, the 

individuals with PD and healthy controls were assessed on perceptual and motor changes after 12 

music training sessions over a one month period. The training sessions required the subjects to 

walk to a German folk song without specific instructions on how to keep up with the beat; 

subjects determined their own pace. In addition to improvements in motor impairments, the 

participants with PD also showed improvements in perceptual testing with results similar to 

healthy controls. The improvements included duration discrimination, beat alignment, paced 

tapping and adaptive tapping.  The study results show a probable relationship between perception 

of rhythm and beat of a musical composition with gait.236 

Rhythmic Auditory Stimulation (RAS). Auditory input in the form of a continuous and 

consistent sound beat, which can be delivered by metronome, is referred to as RAS and underlies 

the sound patterns of music. The rhythm produced has the goal of entrainment which refers to 

“bodies that can move in stable periodic or rhythmic cycles” when they are interacting together, 

but move as separate entities when independent of each other.237 As two different amounts of 

energy occur together, there will be a period when these two energies are asynchronous and cause 

a negative energy. This negative feedback drives adaptations within each system to reduce the 

asynchronous environment. In a visual portrayal, the adaptations would result in a faster system 

slowing down and the slower system speeding up.238 The slowing and speeding up of systems can 

be seen as a group will unconsciously dance with the beat of the music with or without auditory 

cues, similar to when two people innately coordinate their steps during walking.239,240 Since the 

external fixed stimulus encourages a change in the human system that is plastic, the clinical 

application of entrainment occurs when a steady auditory beat is used to help a person move at a 

faster or more uniform pace.232 Entrainment relies heavily on a common period or duration to be 
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successful when used as a temporal cue in motor movement; it must establish a continuous 

rhythmic cue during a specified time reference for the period the movement is being 

performed.237  

Data has shown that volitional movements can be initiated with a reorganization in the 

brain. In healthy subjects, changes in EMG response of the gastrocnemius were noted with the 

use of RAS during ambulation. The immediate effects of the auditory cue were a decrease in 

activation onset and duration. Thuat et al241 suggested that the decreases indicated more 

consistent timing of contraction with more focus. In a pilot study, researchers utilized this 

principle to demonstrate an improvement in actual motor response. Six subjects with PD were 

measured on their EMG activity of the tibialis anterior and gastrocnemius. All participants 

demonstrated a significant (p < 0.05) increase in EMG activity of both muscles when using an 

auditory stimulus while walking over ground. Despite the small sample size, this promising study 

clearly depicts the impact auditory stimulus can have on motor force production and improved 

function.233  

The use of RAS in people with PD relies on the theory that an external cue can be used to 

bypass the dysfunctional internal cue of the basal ganglia.242 RAS allows for a set tempo to be 

established by a trained therapist to maximize the participant’s ability to improve his or her gait. 

In 1996, Thaut et al243 showed in a randomized controlled trial, that when individuals with PD 

completed an exercise program of 30 minutes of walking using RAS at home, they demonstrated 

an overall 25% increase in stride length and cadence on both flat and incline surfaces over the 

control group that received no intervention. The intervention consisted of a three-week training 

program where the tempo of the music was increased 5 to 10% each week. The increase in 

velocity over flat surface was significant (p = 0.007), as was incline and obstacle negotiation (p = 
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0.009). The participants also demonstrated carry over effects in walking even without the use of 

RAS after completing the training program. The control group, who were instructed not to start a 

home walking program, did not show any improvement. As there was not a group who walked at 

home without the RAS intervention, no positive conclusion can be made concerning the benefit 

of RAS. Improvements were seen when individuals used the RAS at home, thus providing 

another tool for therapy. People with PD demonstrated significant improvements in gait speed 

and stride length when using RAS on a daily basis in everyday activities.244  

Another form of auditory cue delivery is a closed-loop feedback system that provides a 

single note cue and then modifies the pattern in response to a person’s stepping pattern. This 

modification is made from information received from foot sensors while the person is walking. In 

2016, Baram et al245 assessed effects on velocity and stride length, with the use of a metronome 

that adjusted to the person’s stepping pattern, immediately after completing the training session, 

and then after a 15 minutes rest period. Researchers evaluated participants in four situations: 1) 

walking without device or cue, 2) walking with device but no cue, 3) walking with device and 

cue, and 4) walking without device or cue 15 minutes later. There was an increase in velocity and 

stride length from conditions one to two as a possible carryover effect. Even between conditions 

two and three, there was a 9.09% ± 6.34% increase in velocity and a 6.52% ± 4.36% increase in 

stride length. Velocity declined slightly at the 15 minute follow up, but stride length remained 

relatively the same.245 

When using an auditory pacer or other form of musical cue on a home basis, participants 

have shown improvements in gait.245-246 In the Rehabilitation in Parkinson's Disease: Strategies 

for Cueing trial, 153 patients with PD received external cueing in the home environment during 

functional tasks. The external cues were auditory, visual or vibration depending upon the 
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participant’s preference. The study showed significant improvements after training and at a three 

month follow up in velocity (p = 0.03), step length (p < 0.001), and FES score (p < 0.04).247 The 

treatment protocol cannot be determined as the participants chose their own method of external 

cue deliverance. Also, there was no difference between the groups based on the external cue 

chosen. McIntosh et al248 demonstrated that participants with PD showed overall gains in stride 

length, step cadence and velocity while using RAS.  This study analyzed gait with no auditory 

cues, RAS set to the participants’ baseline, and RAS set at 10% faster than participants’ preferred 

walking cadence, in addition to comparing the individuals with PD to healthy age-matched 

controls. An additional division of groups was made by randomly assigning the individuals with 

PD to either an “on” medication group or “off” medication group. This is one of the few studies 

that has analyzed gait parameters with participants in the “off” medication stage. Without cueing, 

the individuals with PD demonstrated deficits with velocity, stride length, and cadence as 

compared the control group. All three groups (healthy controls, “on” stage and “off” stage) 

showed significant improvements in velocity (p < 0.01), cadence (p < 0.02), and stride length (p < 

0.03) with the RAS at 10% above preferred speed.248 The positive impact that RAS has on 

individuals in the “off” medication phase could be a potential avenue for improving mobility 

without the need for additional medication.  

When comparing a group of participants with parkinsonian gait tendencies, preferred gait 

was measured prior to initiating the stimulus. Auditory cueing, in the form of a metronome, was 

set a certain percentage above the participants’ preferred speed to influence changes in cadence, 

velocity and stride length. They found that temporal parameters of cadence and velocity can 

immediately be positively or negatively impacted by an auditory cue without a training effect. At 

a rate of 85% of the participants’ preferred cadence, there was a significant reduction in velocity 
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and cadence (p < 0.01), but at a rate of 107.5% and 115%, there were significant increases in 

velocity and cadence (p < 0.01). Stride length was not significantly impacted for any change in 

auditory frequency.249 In 2007, Hausdorff et al250 also found that the use of the RAS is more 

beneficial when set at a pace above the person’s preferred walking speed. The participants had no 

significant change in step rate when RAS was set to the pace of preferred walking, but when set 

to 100 to 110% (100% being matched to baseline speed), velocity (p < 0.001), stride length (p < 

0.05), stride time (p < 0.001), and swing time percentage (p < 0.02) all improved.250 

When comparing auditory to visual cues, both have positive impacts on gait parameters, 

but auditory cues have a more positive effect on cadence while visual cues more positively affect 

step length. These findings were shown by having participants walk at their self-selected fast 

speed over a computerized walkway under three conditions: with visual cues, with auditory cues, 

and with both. These conditions were compared to the baseline initial measurement. There was a 

significant difference among all three conditions in velocity, cadence, and stride length (p < 

0.05). Upon further post hoc analysis, velocity showed a significant difference between the no 

cue condition and auditory (p < 0.0167), with a 16% increase in the auditory cue condition, 

cadence had a significant difference in visual cue (p < 0.0167) with a 9% reduction, auditory had 

a significant difference (p < 0.0167) with a 12% increase, and stride length only had significant 

improvement with visual cues (p < 0.0167) at 18% longer.251 Another study compared the effects 

of no auditory stimulus, traditional RAS and an interactive RAS.252 The interactive RAS 

modulated to the person’s naturally walking pattern by using information received from sensors 

in the shoes. The participants receiving the interactive RAS were able to consistently synchronize 

with the system and overall, reported feel steadier with gait. Fractal scaling refers to the natural 

variability that a healthy person exhibits when walking. Not every step is identical, and there is 
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some variability that is considered normal. The group receiving RAS demonstrate a fractal 

scaling that returned to levels comparable to a healthy gait pattern (p > 0.6). Initially the fractal 

scaling of the PD group was significantly lower than the healthy group (p < 0.17). The use of 

RAS did significantly affect fractal scaling (p < 0.042), but the values were still different from 

healthy gait.252 In a later study, the researchers assessed fractal scaling when compared to a fixed 

tempo cue and an interactive cue that modulated with the person’s stepping rate. The study’s 

results supported the previous studies in which interactive cues proved more beneficial in 

improving fractal scaling.253 A literature review by Lim et al254 stated that while research 

supported the use of auditory cueing to improve velocity, there was limited research supporting 

the use of somatosensory or visual cueing to improve velocity. Although auditory cueing had a 

positive impact on velocity in individuals with PD, there was not conclusive evidence to show 

improvements in ADL or reduction in fall frequency in the community.254 

While most studies assess the changes in spatiotemporal parameters of gait, most likely 

due to ease, Picelli et al255 also assessed the kinetic power values of hip and ankle and kinematic 

range of amplitude of hip, knee, and ankle motions using a motion analysis system. The four 

conditions included no auditory cue and cued walking at 90%, 100%, and 110% of preferred 

cadence. The auditory cue was given with a metronome. There was a significant difference in 

post hoc comparisons between the no auditory condition and the other three cued walking 

conditions in spatiotemporal parameters of velocity (p = 0.002), cadence (p = 0.002), stride length 

(p = 0.008), single support duration (p = 0.010), double support duration (p = 0.001), ratio of 

single and double support duration (p = 0.003), and stride time (p = 0.002), with all measures 

showing improvement. Post hoc analyses also demonstrated higher levels of improvements in the 

faster tempos over the slower tempos. The kinetic parameters showed a significant increase in the 
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values at pre-swing of the hip when comparing each of the auditory cued conditions (p = 0.003). 

The kinematic post hoc comparison between each cued condition was significant for the ankle 

joint (p < 0.016). The significant findings at the ankle indicated that, with the metronome cue, the 

ankle range of motion in the sagittal plane, was increased as the tempo of the cue increased 

showing more overall movement at the ankle during walking.255 The relevance of these findings 

is that the participants improved their gait not only through spatial and temporal parameters, but 

also through quality. The increase in hip function from pre-swing to limb advancement, along 

with more ankle range of motion, has the potential to facilitate heel strike at initial contact, which 

is lost in the festinating pattern observed in individuals with PD. The improved movement 

strategy at the hip and ankle could possibly reduce the destabilizing forces produced during 

ambulation and allow the participants to more effectively control their center of mass.256 More 

studies in this area need to be conducted to fully understand the impact on the kinematic and 

kinetic factors of gait during auditory cueing for gait training. 

Due to the impact of bradykinesia, people with PD tend to ambulate with a reduced arm 

swing movement. Studies in healthy subjects have demonstrated a decline in walking stability 

when arm swing is reduced.257 When arm swing is reduced, along with the already present 

postural instability and truncal rigidity in individuals with PD, safety concerns are amplified. Son 

and Kim258 found that a metronome set at 20% higher than the uncued walking speed of 

participants with PD immediately resulted in a significant increase in arm swing amplitude (p < 

0.05), even without treatment sessions to reinforce motor learning. The auditory cue of the 

metronome was more beneficial in improving arm swing than the visual cues, a finding which 

could prove to be beneficial in reducing fall risk in the PD population.258 
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The complex task of multi-directional step training has also been assessed with and 

without RAS. Both groups improved in their stepping and balance strategies with training. As one 

group used RAS and another used internally paced cueing, subjects were measured pre and 

posttest on improvements in the DGI, TUG and UPDRS over an eight week period. During 

training, the RAS group performed stepping away and back in multiple directions (forward, side 

and back) when cued by a specific sound.  To decrease the learning effect, the sequencing was 

changed weekly. The training consisted of 18 sessions over six weeks, and subjects were 

measured at one week, four weeks and eight weeks post-intervention. Those participants 

receiving the external cueing demonstrated improvements in functional gait and balance on the 

eight-week post-intervention assessment, demonstrating the potential for carryover after using 

RAS. The control group also showed improvements immediately after training but did not have 

the carryover effect in the post-intervention testing.259 The uniqueness of this intervention 

addressed not only the gait pattern dysfunctions seen in PD, but also this population’s difficulty 

initiating steps in directions other than forward stepping. 

RAS has also been utilized in conjunction with other therapeutic interventions.  Treadmill 

training is an effective form of gait training to address stepping strategies, step length, velocity 

and cadence. Frazzitta et al260 compared changes of gait for participants with PD given visual and 

auditory cueing with and without treadmill training. This randomized controlled trial tested a 

group that received treadmill training in conjunction with auditory and visual cues and a control 

group that received the cues but no treadmill training. Each group completed 20 minutes of 

training for 28 consecutive days. Frazzitta et al260 found that the participants receiving treadmill 

training with cues demonstrated significant overall improvements in the UPDRS, FOGQ, 6MWT, 

velocity and stride cycle (p < 0.0001) as compared to baseline. The comparison group, who did 
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not complete treadmill training, demonstrated a lower overall mean for the dependent variables 

but also had significant improvements. These results further support the evidence that people with 

PD show increased functional improvements when given cues that drive the motor response. 

While the researchers did not compare the findings to a conventional over ground or no cue 

walking program to determine if it the treadmill and external cueing resulted in the 

improvements, their conclusions would later be supported in research showing the positive effects 

of treadmill training on various aspects of gait.  

Harro et al in 2014261 compared the use of auditory cueing during over ground gait 

training to speed-dependent treadmill training. The participants in Hoehn and Yahr stage I to III 

were required to be able to walk for a minimum of five minutes with or without an assistive 

device. The training program consisted of three, 30-minute training sessions per week for six total 

weeks. The treadmill group walked without body weight support with an increase in speed for 

three, five minute intervals. The first two intervals were at the participant’s self-perceived 

maximum speed and the third interval was increased by 5% of the participant’s self-perceived 

maximum. The remainder of the half hour included walking at the participant’s comfortable 

walking speed. The over ground auditory cue group participated in two, 10-minute periods of 

walking at a pace 5 to 10 beats/minute above their comfortable speed. During each training 

session, if the participant could not maintain the set speed for the specified length of time, the 

speed was decreased. Testing was completed before training, immediately after training, and at a 

three month follow up. Testing included the 10-meter walk test (preferred and fast), 6MWT, and 

FGA. Each group had different improvements. The speed dependent treadmill group had a 7.45% 

increase in fast walking speed (p = 0.012), and the over ground auditory cue group had an 

11.93% increase in comfortable walking (p = 0.02). The 6 MWT showed improvements in both 
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groups, with the treadmill group having a 9.41% increase in distance (p = 0.027) and auditory cue 

group a 5.84% increase (p = 0.007). The FGA had significant improvements in the treadmill 

group and auditory group (p = 0.001, p = 0.01 respectively). While both groups improved 

independently, there was not a significant difference between the groups on any measure, though 

the small sample size of 10 participants in each group suggests limited power to detect possible 

differences between groups. At the three month follow up, the auditory cue group continued to 

show improvements in fast walking speed and, comparing baseline to follow up, showed a 

significant improvement (p = 0.02). For the 6 MWT and FGA, the improvements were retained 

and equally significant.  

One area that RAS results have been inconclusive is with frequency and duration of 

freezing. An explorative study determined that rhythmic auditory cueing increases stride length 

when the treatment was tailored to the individual’s impairments. For those who exhibit freezing 

during forward progression, setting the frequency of the auditory cues lower than the preferred 

gait speed increased step length. In contrast, the participants who did not have freezing episodes 

improved stride length when the frequency was 10% faster than regular walking.262 The increase 

in frequency of stimulation to improve stride length matches other studies for people who do not 

freeze. In studies of episodes of freezing and how long each episode lasts, RAS has not been 

shown to have an impact. Even when assessed during the “on” phase of a person’s medication 

cycle, the metronome did not help the individuals have fewer freezing episodes nor did it reduce 

the length of time it took the participant to transition out.263 Knowing that an individual with PD 

is most mobile during the peak cycle of the “on” phase of medication use, the external cues 

applied during the “on” phase would be the optimal time frame to observe improvements, if 

present.1  
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Certain limitations exist to the extent that RAS can positively influence the gait pattern of 

an individual with PD. Numerous studies assess velocity and cadence, but very few assess the 

quality of the gait when using RAS. A good reason for the lack of literature is that the single beat 

of the metronome when using the RAS strategy provides a clear auditory cue to move the leg 

forward but does little to impact how the leg gets there.226 

Additionally, the use of RAS from the client’s perspective involves a level of attention to 

the task. The attentional demands become an issue in individuals with PD due to the difficulties 

with dual tasking activities. Dual tasking involves completing two separate activities 

simultaneously. Since one task runs through the frontal cortex and the other must run through the 

basal ganglia, the deficit within the basal ganglia results in difficulty in successfully completing 

two independent tasks.264 One study found that auditory cueing given during walking, while 

performing a cognitive task, did not result in an increase in velocity or stride length but showed 

improvements when given an attentional cue such as “take bigger steps.”265 When comparing 

three conditions of RAS set 10% below preferred velocity, attentional cue with verbal 

instructions, and a combination of cues in a repeated measures design, the researchers found a 

significant difference between conditions (p < 0.001). All three conditions were assessed in a 

single walk including walking across a GAITRite and dual task of carrying a cup of water. 

During the single trial, the attentional cue and combination improved velocity (p < 0.001, p = 

0.013, respectively) and step length (p < 0.001, p < 0.001 respectively), but RAS did not show 

any improvement. The results also showed improvement during dual task in velocity of 

attentional cues and combination cues (p = 0.37 and p = 0.028) and step length with a 15% 

increase (p < 0.001 and p < 0.001). Since RAS was set at a pace lower than the participants’ 
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preferred speed, the auditory cue could have had an impact on gait, however, not a positive 

one.266  

Twenty participants were monitored with a portable data recorder and were instructed to 

walk in their home and complete a task of picking up a tray with two cups of water on it. The 

auditory cue was a single tone and the visual cue was a flash of light for cueing. Results indicated 

a significant difference between the trials of no cue, auditory cue, and visual cue for velocity (p < 

0.001), step length (p < 0.017), velocity dual task (p < 0.001) and step length dual task (p < 

0.001). There were not significant differences between auditory and visual cues. The results 

suggest that an external cue can help improve an automatic pattern even with distractions from 

obstacles in a person’s walking path.267  

Patterned Sensory Enhancement (PSE). When a musical song is imposed upon a 

repetitive cue, the result is referred to as PSE. PSE is a musical technique that allows for a more 

sophisticated use of a musical song to impact physical function. RAS influences rhythmical 

movements with consistent and repetitive cues while the melody, harmony and dynamic 

acoustical properties of music facilitate cues for temporal, spatial and force production during 

more complex movements.226 PSE facilitates movements with specific types of prompts within 

the music that are separated into categories of spatial, temporal and force cues. These elements 

and their proposed physiological responses in the music therapy field are philosophical and have 

yet to be substantiated. The spatial elements consist of pitch, dynamics, sound duration, and 

harmony. Pitch refers to how high or low the music note is on the scale and impacts movements 

that are on a vertical plane. Sounds with higher pitches encourage an upward direction of 

movement, such as trunk extension to improve posture or marching. Dynamics is a change in the 

intensity of amplitude of the sound and is typically modified with fluctuations of the instruments 
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in either volume or crescendos and decrescendos. Dynamics impacts the spatial orientation of 

movement, such as moving arms away and towards the body. Sound duration influences the 

continuity of movement and longer duration of sounds facilitate a more fluid and continuous 

movement pattern. Finally, harmony can potentially impact quality of movement. When a 

harmony is played close together this means that the notes are shorter whereas a longer harmony 

holds the note for a longer duration. If a harmony is played close together, it can cue the listener 

to perform movements close to the body and other extremities, whereas harmonies that are more 

open can potentially facilitate larger movements away from the body. Harmonies could be used 

during an activity of stretching the arms out wide and then bringing them in to cross over the 

chest.226 

Temporal cues are extremely important because if the temporal cues do not match the 

person’s movement pattern, they could cause more disruption in the action than benefit. Temporal 

cues are delivered through tempo, meter, rhythmic pattern, and form. Tempo refers to the beats 

per minute of the music, and this timing will drive the speed of the listener, meaning that faster 

tempos will increase the speed of movement. Meter is the recurring pattern and accents in the 

musical composition, and similar to tempo, the quicker the meter, the faster the movement. 

Within the meter is a rhythmic pattern that emphasizes key aspects of the desired movement. This 

is used with weight shifting or changing direction. The frequency and specifics of the task 

determine how the rhythmic patterns are incorporated. Form refers to how the principles of 

temporal cues are organized in the composition and depend on the structure and organization of 

the task required. The final type of movement that is cued with PSE is force.  Force is impacted 

by the tempo, dynamics, and harmony which are also elements of spatial and temporal cueing. An 

increased tempo of a PSE may create a more powerful production of force of the muscle, for 
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example, in transitioning from sitting to standing. Dynamics can impact not only the amount of 

force produced but also how long the force is held. A crescendo, or gradual increase in volume of 

the music, could facilitate an increase in force production, whereas a consistently held note could 

encourage active holding of a certain position. Finally, harmony is used as an agitation, meaning 

that unresolved harmonies are believed to facilitate the muscle to maintain contraction until the 

harmony is resolved.226 Currently PSE techniques are solely used by music therapists who are 

able to modify music in real time during therapy sessions to facilitate various movement patterns.  

Most studies only assess the use of RAS during function, with few assessing changes in 

gait using neurological music therapy techniques. A study by Wittwer et al268 in 2013 found that 

healthy older adults showed the most immediate improvement in spatiotemporal parameters when 

walking to music over a GAITRite as compared to no auditory cueing and metronome. While 

research showed the significant effects of metronome and music over uncued walking, post hoc 

analysis only showed significant difference in music over uncued for velocity (p = 0.001) and 

stride length (p = 0.025). Another study of individuals with PD included the use of RAS, PSE, 

and Therapeutic Instrumental Music Performance (TIMP) for 45-minute sessions for a total of 16 

sessions in four weeks. The control group in this study was instructed to stay active but not alter 

daily routines. The experimental group, but not the control group, showed improvements in 

temporal parameters of percentage stance phase, swing phase and double limb support, stride 

time and cadence (p < 0.001) when using a protocol that combined all three techniques. When 

comparing changes in the spatial parameters, step length, velocity, and stride length were 

significant in the experimental group (p < 0.001) but not in the control group.269  

De Bruin et al270 conducted a 13-week randomized controlled trial walking program using 

music and assessed velocity, stride length and cadence. Individuals listened to a playlist of the 
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genre of their choice with the tempo matched to the baseline cadence measured during the pretest. 

The program involved walking to the music for 30 minutes, three times a week. While there was 

some improvement in the control group, all individuals in the music group significantly improved 

velocity (p = 0.002), stride time (p = 0.019), stride length (p < 0.001) and cadence (p = 0.008), 

and all scores were significantly higher than the control group.270 This study demonstrates the 

impact of the underlying beat of music, in that a generic song matched to baseline cadence can 

facilitate improvements in gait kinematics.     

While RAS uses a standard beat to elicit more appropriate motor responses during gait, 

some interventions use more musically involved pieces to stimulate the walking process. While 

the musical intervention is typically administered by a music therapist, there are occasions when a 

recorded piece is played during gait training by physical therapists to improve the walking 

pattern. Dalla Bella et al229 found that when 15 people with PD walked to a recorded piece of 

music set 10% above their preferred walking speed for 30-minute sessions, they improved in 

spatial parameters of gait as measured by a motion analysis system, similar to the improvements 

noted in a healthy control group of 20 individuals. In addition, these gains were maintained at a 

one-month follow-up.229 These findings support the need for further research in customizing 

musical pieces for use during gait training in persons with PD.  

Music based intervention includes those that focus solely on walking and those that 

incorporate a dance component to match the music. The incorporation of dance components have 

also been shown to have beneficial impacts on BBS, TUG and stride length measures, due to the 

incorporation of a variety of movement patterns required for dance.271 The research demonstrating 

the positive effects of musical cues on functional movement give momentum to future study of RSE 

as well as newer, more advanced technological approaches.  
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Synchronized Optimization Auditory Rehabilitation Strategy (SOAR) Tool. The 

SOAR strategy is a new process, developed and recorded by music therapists, designed to 

potentially enable the user to create and modify musical pieces, implementing the principles of 

PSE for positive impacts on the gait cycle of individuals with movement disorders. Music 

therapists’ expertise in the musical field, along with training in gait intervention, make them the 

primary professional to utilize the SOAR strategy. Physical therapists, on the other hand, are 

trained movement specialists who may or may not have previous training in the musical field. 

Even those therapists with a musical background may not have training in the application of PSE 

during gait training.  

The SOAR strategy has been in the developmental stage for several years. A small group 

of music therapists, who were trained by the developer, began using the strategy for patients with 

gait dysfunctions in preliminary testing. Although observational data has been very positive and 

documented for reference, no formal research has not been conducted. Before beginning a formal 

research project, the following review of literature was important, first to establish a knowledge 

base concerning the selection of the musical composition and second, to learn the process of 

manipulation of the composition through a software system. 

The SOAR strategy uses playback methodology through a software system called 

Merging Technologies Ovation 5.0.10 This program allows a therapist to move beyond simple 

metronome strategies and create musical pieces individualized to the patient’s needs in real time 

to potentially impact spatiotemporal parameters and force production of targeted muscles. During 

gait, the SOAR strategy’s musical pieces are theorized to have the potential to stimulate the 

                                                           
10 Merging Technologies,82 Gilman St., Portland, ME 04102 
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auditory system to create movements that improve one’s stepping strategy and influence the 

quality of the gait pattern.  

The development of the SOAR strategy involved multiple steps. The first step consisted 

of developing compositional pieces that addressed various spatiotemporal parameters of gait. The 

development of the piece involved incorporating specifically chosen instruments and melodies 

that used the elements of PSE to assist with changes in motor function. During selection of the 

instruments process, a composer worked with two musical therapists to become familiar with the 

theory of PSE application. The composer observed and participated in music therapy sessions 

with persons who had neurological conditions. As the composer became more familiar with the 

process and theory behind using instruments to facilitate movements, she began to select specific 

instruments and write composing musical threads for each of them. These musical threads were 

used live by the music therapist on persons with neurological conditions to assess changes in 

movement in real time. Next came the process of recording the composed pieces in a studio 

environment. Multiple short versions of musical instrument pieces called tracks were recorded. 

Each track included one instrument and was recorded with the objective of influencing a 

particular portion of the gait cycle (Table 2.2). The functional movements were the hypothesized 

motions resulting from the auditory input as observed by music therapist and composer. 
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Table 2.2 Individual Recordings of Composition and Functional Impact  

Track (Instrument) Hypothesized Movement Function 

BASS (Bass guitar) Facilitate longer stride length 

KEYS (Piano) Facilitate heel strike and encourage weight shift 

GAT (Guitar) Facilitates trunk rotation, arm swing, and anterior trunk 

posture 

SAX (Saxophone) Facilitates a pulling sensation to encourage forward 

movement and initiation of movement  

CLAR (Clarinet) Facilitates trunk elevation 

TROM (Trombone) Facilitates grounding of lower extremity movements and 

weighting effect 

DRUM (Snare drum) Facilitates heel strike  

Constant to act as underlying RAS 

 

The recording phase of development took place at Premier Studios NYC, Studio A using 

an sE electronics neve ribbon RNR1 microphone and a Neumann KM84 condensor pencil 

microphone. The convertors used were Merging Technology Horus and conversion digital 

extreme definition with a sampling rate of 352 kHz. No analog or audio compression tools were 

used which eliminated the potential to distort the quality of music. Each track was recorded 

separately which resulted in a digital system that allows the therapist to add one or more tracks at 

a time to create the final individualized piece. In all music pieces, the drum beat is present and 

consistent to act as a metronome, or the RAS. A metronome is recommended to be used with all 

PSE to provide the client with a firm temporal cue for movement.226 Regardless of the 

combination of tracks chosen, the final product results in a musical composition piece that is 

heard by the user as a musical piece. A therapist can then observe the immediate effects certain 

musical sounds have on a person’s walking pattern while adding or removing tracks in real time 

with the click of a mouse. While the final product is an instrumental piece, it is designed to 

potentially alter movement patterns rather than just offer an emotional uplift. The SOAR process 

advances the currently used practice of a single beat RAS strategy by tailoring the musical piece 

to target multiple aspects of the patient’s gait pattern and quality. Most importantly, the process 
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allows for a physical therapist, trained in gait analysis and the SOAR strategy, to modify the 

musical piece during a therapy session without the music therapist being part of the team, 

especially in cases when music therapists are unavailable. The goal of the SOAR strategy is not to 

replace music therapists, as they are the experts in this field, but to provide more people with 

access to the techniques and benefits of auditory cueing. Additionally, because of the way that the 

SOAR strategy was created, the musical piece can be downloaded onto a music player which 

allows for continued use outside of therapy sessions.  

Recording the tracks separately also eliminated the issue that arises when a therapist 

simply slows down the tempo of a musical piece. When the tempo of a created musical piece is 

slowed down, a separation of the musical notes occurs and distorts the auditory output heard. The 

disruption in the structure of the sound can ultimately cause interference in the gait pattern 

because the auditory input is distorted, as previously noted in the element of duration’s impact on 

spatial qualities of movement.226 With the tracks recorded separately, the tempo can be 

dramatically decreased without disturbing the auditory input of the spatial, temporal and force 

production cues. Changing tempo without disturbing the rest of the musical piece allows for 

treating individuals who ambulate at slower speeds due to progression of their disease. The 

engineering behind this process has resulted in tempos being adjusted for those who walk at even 

slower tempos than are currently offered and those who are just beginning to learn to walk, such 

as a child with cerebral palsy.  

The SOAR strategy is a software system that attempts to replicate how a music therapist 

would treat a person with an ambulatory dysfunction. By allowing a physical therapist to create a 

musical piece that impacts more than just stepping strategies, the software and strategy addresses 

the current shortage of musical therapists available to assist with clinical practice. While this is a 
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strategy developed by a music therapist, its main purpose and goal is to advance the rehabilitation 

field by allowing more therapists to use music therapy techniques as an additional intervention 

strategy and impact more people with PD and other neurological conditions.  

My recent pilot work assessed the use of the SOAR strategy administered by a music 

therapist in five individuals with PD. The pilot study was modeled after previous work of Thaut 

et al.243 when participants completed a 21-day walking program for three weeks using only RAS 

with a metronome. The intervention included walking for 20 to 30 minutes twice a day while 

listening to a recorded musical composition piece created by the SOAR strategy. The tempo of 

the musical piece was initially set at the person’s preferred cadence and increased 5% every 10 

minutes of walking. After the end of week one, the starting tempo was increased 5 to 10% and 

again after the completion of week two based on participant performance. A pretest-posttest 

design measured changes in balance and ambulation after using the music program for 21 days. 

All participants showed an increase in step length bilaterally and improvement in the Mini-

BESTest.  All but one participant showed improvements in comfortable and fast walking speed, 

and all but two participants showed improvements in the 6MWT. Two participants met the MDC 

threshold of the Mini-BESTest at 3.5 to 4 points,53,57 one participant for comfortable walking 

speed of 0.09 to 0.18 m/sec,24,52,70,75 two participants for fast walking speed of 0.13 to 0.25 

m/sec,24,52,70,75 and one participant for the 6MWT of 82 meters.24,75,272 All participants 

demonstrated an increase in bilateral lower extremity step length. The group mean for the left 

lower extremity increased from 37.8 centimeters (cm) to 42.6 cm and the right lower extremity 

increased from 37.6 cm to 42.6 cm. The one participant who did not show a change in velocity or 

on the 6MWT apparently did not fully understand the training portion. During casual 

conversation with each participant, they all reported that they enjoyed the music while they were 
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walking. This initial work demonstrates the need for further investigation of the SOAR strategy 

and its use in individuals with PD.  

Individual Perception of the Benefits of Music 

Music has been shown to have the ability to change individuals’ perceptions about 

themselves and their environment. Music therapy has been used and studied in individuals with 

mental illnesses. Silverman273 quantitatively and qualitatively assessed various educational and 

rehabilitation classes of persons with psychiatric conditions. The educational classes involved 

coping skills, substance abuse, community reentry, medication and symptom management, and the 

rehabilitative groups involved music and recreational therapy which were led by licensed 

professionals. Of all classes, the music therapy group had the highest overall mean of participants’ 

(n = 73) perceived helpfulness on a Likert scale of 0 to 10. Pairwise comparison indicated that the 

music therapy group had a significantly higher mean (p < 0.01) than the substance abuse, 

community reentry, medication management, recreational therapy and art classes in helpfulness. 

Another study assessed the impact of music therapy on depression in the elderly population. Music 

therapy was used for 30 minutes a day for 15 days, and the Geriatric Depression Scale was used as a 

pre and posttest measure to determine the level of depressive symptoms. After the 15-day 

intervention phase, the group showed a significant (p < 0.01) reduction in depressive symptoms.274 

An additional study focused on mood in participants with neurological conditions as a result of 

multiple sclerosis, traumatic brain injury, or brain injury from cerebral vascular accident or anoxia. 

The pre and posttest measurement of mood used the Bipolar form of the Profile of Mood States that 

has been used in healthy and psychiatric individuals. The four mood states examined in the study 

were composed-anxious, agreeable-hostile, elated-depressed, and energetic-tired. All 14 participants 

completed one individual music therapy session each week for two weeks. A repeated measure 
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analysis of variance showed the composed-anxious, energetic-tired and agreeable-hostile mood 

states on the Biplor form of the Profile of Mood States were significant in a positive direction (p = 

0.05). Significant main effects were also found in the pre and posttest mood states for those in the 

composed-anxious (p = 0.01), energetic-tired (p = 0.05), and agreeable-hostile mood (p = 0.003) 

groups.275  

Another important focus in healthcare and patient care management is pain and comfort. 

Many people experience pain for a variety of reasons and many resources are used to manage their 

symptoms. Eighty hospice residents received between one and four sessions of live active and 

passive music therapy. The music therapy sessions differed as each was structured to address 

individual needs and goals of each participant, and some of the patients had sessions that also 

incorporated relaxation and mental imagery practice. One-tailed t-test analysis indicated that one 

music therapy session had a significant impact in improving self-reported pain control, physical 

comfort and relaxation (p < 0.05). A main limitation of this study is that some patients had 

interventions other than music and poses the argument as to whether the music therapy was solely 

responsible for the change in variables.276 A literature review in 2007 found mixed results on the 

impact of music therapy on patients’ perception of pain, anxiety and satisfaction. In the review, 

some studies showed improvements in all three areas, but just as many showed that there was not a 

change in any.277 While music therapy has the potential to be beneficial in some populations, the 

evidence is inconclusive.  

A randomized controlled trial compared music therapy and PT over a three-month 

intervention period and again at a two month follow up in individuals with idiopathic PD. The 

participants were assigned to either the music therapy group or PT group and assessed on the motor 

subscale of the UPDRS and Happiness Measure. The music therapy group completed 13 sessions of 
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active music therapy which included the participants playing instruments as well as listening to 

music. The PT sessions were similar in frequency and duration and involved stretching, joint 

mobility, balance and gait. The music therapy group showed significant improvements in the motor 

subsection of the UPDRS (p < 0.0001) and Happiness Measure (p < 0.0005) at posttest, and the PT 

group did not.228 Findings also report that music can improve perception of motor improvement 

after listening sessions in individuals with PD.278 The incorporation of music into therapy has 

been shown to increase adherence to a program and improve QoL measures.199 These are the few 

studies assessing individuals with PD perception of their improvements in particular areas with the 

use of music. At the current time, there has been no research found that assesses perception of how 

music or auditory cues impacts ambulation in an individual with PD. 

Overview of Interventions in Individuals with PD 

In the multiple studies that have indicated the benefits of exercise interventions that focus 

on balance and postural stability, the primary limitation is the low number of subjects to show 

significant changes. Another limitation is the difficulty categorizing the degree of severity of PD 

within the subjects. As with any progressive disease, individuals present different clinically even 

when grouped in the same Hoehn and Yahr stage, making a specific treatment protocol difficult 

to establish and generalize from the sample to the population.279 A common theme within most of 

the studies reviewed is the high level of intensity required to demonstrate functional changes that 

are significant. Specific training programs that are individualized to meet the needs and address 

the functional limitations of each person is also very important. There are factors that promote the 

success of a person’s rehabilitative journey to meeting his or her goals, but there are extrinsic 

factors that can be guided by the therapist.280 
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One limitation noticed in music therapy literature was that most subjects were in the early 

stages of the disease process, Hoehn and Yahr I to III. This finding suggests that for RAS to be an 

effective means of intervention, individuals need to be ambulatory without an assistive device. 

Few studies include those in Hoehn and Yahr stages III to IV. When compared to preferred 

walking, immediate changes have been noted with the use of auditory cues, visual cues, and a 

combination of both in persons in the later stages of Hoehn and Yahr. Preferred walking with 

auditory cues showed a statically significant improvement in cadence (p < 0.05), step length (p < 

0.01) and stride time coefficient of variance percentage (p < 0.01) while preferred walking with 

visual cues only had a significant improvement in cadence (p <0.05). When a combination of 

auditory and visual cues were given, the participants in more progressive stages of PD had a 

significant improvement in cadence (p < 0.001), step length (p < 0.05) and stride time coefficient 

of variance percentage (p < 0.01).193 This study demonstrates the potential that external cueing 

can have on even the later stages of disease as long as there is a safe environment in which to 

complete the training.  Unfortunately, clients often do not get referred to PT until they are 

significantly declining, are requiring assistance, or having an increased fall rate resulting in the 

use of an assistive device or injury. An assessment of the impact of music on people later in the 

disease process, but before the frequency of falls begins, would be beneficial to improving QoL. 

An additional limitation of the current literature is the lack of evidence documenting 

physiological changes of the motor units with the use of RAS and other music strategies.  There 

needs to be literature that assesses the underlying changes that lead to spatiotemporal parameters 

improvements in gait. Finally, while there are numerous studies evaluating auditory cueing’s 

impact on gait and function, there needs to be more qualitative assessment of people’s perception of 

how music and auditory input can help improve overall mobility and safety. 
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The main limitation with the SOAR strategy is the lack of evidence supporting its impact 

on ambulation, safety and mobility in any population. Other than a few test subjects and a pilot 

study, this new technology for delivering music therapy has not been studied. Extensive research 

needs to be completed to determine if this process will be usable for therapists and helpful to 

persons with gait dysfunctions. While the SOAR strategy has multiple instrumental stems available 

to create a musical composition, the music pieces are limited. Therefore, there is the risk that the 

user would become bored listening to the same piece and defer using the auditory cue during 

walking because of the monotony. Currently the SOAR strategy has been developed with set 

tempos of 45, 57, 72, 89, and 108 beats per minute. This creates an issue for an individual whose 

preferred walking speed is between two options. Research has shown that walking at tempos a 

certain percentage above a person’s preferred speed can improve velocity, but it can also reduce 

velocity if a person walks to a tempo below their preferred speed. This requires the clinician to 

determine if the person is safe walking at the faster tempo. The current system does not allow for 

small individual adjustments to the tempo of the music.  

CONCLUSION 

Healthcare providers must utilize the appropriate tools when evaluating persons with 

neurological conditions and address the main areas that are limiting function, independence, and 

safety.56 Even though the majority of those diagnosed with PD will be in the geriatric age range, 

measures with established reliability, validity, and cut-off values for people 65 and older may not 

have the same psychometric properties in people with PD. Due to the variations found in the 

literature and the extensive nature of impairments seen in PD, use of a battery of tools to gain a 

full understanding of the person’s deficits is necessary. The measures that demonstrated the best 

reliability and validity in the PD population were the MDS-UPDRS to establish disease severity, 
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Mini-BESTest for balance, 10-meter walk test for velocity, DYPAGS for community safety, FGA 

for community safety, ABC scale for balance confidence, and MoCA for cognitive status. 

There are multiple avenues for therapists to take when treating a person with PD. There is 

known evidence that while PD is a progressive condition, individuals still possess the potential to 

create positive and lasting neurological changes within their central nervous system.281 The most 

common underlying theme is the necessity for this population to remain active and continue to 

exercise in to maintain, and in later stages, improve functional mobility and safety. As people 

with PD continue to participate in activities that challenge their motor system, they are able to 

delaying the progression of some of the cardinal signs observed in PD, such as bradykinesia and 

postural instability.  

Other activities, such as general exercise, or the use of more contemporary approaches, 

such as tango, Tai Chi, aquatic, and virtual reality, can also have positive benefits. Despite the 

conflicting findings on the increased benefits of some of these approaches, they provide great 

opportunities to spark interest in the individual with PD in continuing exercise and activity. 

Additionally, philosophies of the LSVT® BIG program help people have better recognition of 

their small movement patterns which, in turn, helps them focus on improving their impairments. 

Since there are multiple therapy approaches that are beneficial to the PD population, clinicians 

and researchers have many exciting options. 

RAS has been widely researched and has recently grown in its clinical application. By 

relying on the reticulospinal pathway to increase the activation of the spinal motor neurons, RAS 

can stimulate a motor response more rapidly in order to improve function. A big challenge in the 

treatment of the neurologically involved population is the limited time they receive therapy in 

relation to the extent of their disease. Auditory cues could be an efficient and effective means of 
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therapeutic intervention to continue throughout a person’s day to improve functional ambulation 

and balance. Although the SOAR strategy is a program with a long-term goal of being portable 

for home exercise through a smartphone, more research is needed. Our pilot work on the SOAR 

strategy demonstrated the ability of the musical program to be downloaded on smartphones or 

portable media players, allowing the participants to access the music during the home-based 

walking program. As technology advances and our population grows, the rehabilitative field must 

incorporate techniques that are outside the clinic. Additionally, with the current literature 

supporting the effectiveness of auditory cueing in individuals with PD, therapists and researchers 

must actively pursue new treatment methods that could be available to more patients. 

While much research on the impact auditory stimulus has on motor improvements, 

function and balance is available, more needs to be completed on participant’s perception of 

change and enjoyment of the intervention. Introducing a person to a technique that can potentially 

improve self-perception and motivation, in addition to motor function, is valuable especially for 

compliance. As previous research has shown the importance of continued exercise in maintaining 

and improving mobility, the role of the healthcare provider needs to also include instruction on 

strategies to maintain activity and mobility. If music has the potential to improve a person’s mood 

and overall happiness, it should be considered in the therapy program. Research is needed to 

qualitatively assess individuals with PD’s perception of RAS and music, particularly the SOAR 

strategy, on their walking. 

As Miller et al149 reported, individuals with PD display physiological abnormalities 

within the gait cycle in the tibialis anterior and gastrocnemius muscles. These changes are the 

outcome of the pathophysiology of the progressive disease process which results in a distinct 

clinical presentation of this population. Immediate positive changes have been seen at the 
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muscular level with the use of RAS indicating the impact auditory stimulus can have on the 

neurophysiology during walking.233 Additional studies need to be conducted to determine if 

musical cueing could promote similar results, especially if individuals report enjoyment with 

music during activity.  

One purpose of this study was to begin the research necessary to establish SOAR’s 

application as a reliable tool for use by physical therapists. The second purpose was to assess 

muscular and neural involvement with music intervention, and the third purpose was to assess the 

participant’s perception of improvement. 

By bringing the world of physical and music therapy together, we can help provide better 

service and care to the PD population and potentially others. With its ability to play music at 

much slower tempos than are currently available without a music therapist during treatment 

sessions. SOAR strategy could be a way for physical therapists to provide music therapy to PD 

patients, especially those with more progressive stages of the disease.  
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INTRODUCTION 

 Auditory cues have been shown to have an immediate impact on spatiotemporal 

parameters in individuals with gait dysfunction.1,2 Rhythmic Auditory Stimulation (RAS) is a 

form of music therapy used to enhance functional performance. The process utilizes a fixed beat 

of sound, usually delivered with a metronome, to which people synchronize their movements. 

Ambulation, with an emphasis on stepping strategies and speed, is an activity with which RAS is 

used, helping promote more normalized gait and movement patterns.3 

Parkinson disease (PD) is a progressive neurological condition of the basal ganglia which 

indirectly influences the descending motor pathways for movement control.4,5 A decrease in the 

basal ganglia’s control leads to the cardinal signs of bradykinesia, rigidity, tremor and postural 

instability.6 The disease’s progression is often observed during ambulation as dysfunctional gait 

patterns result from the inability to move in a fluid manner. Spatiotemporal gait parameters have 

been shown to be indictors of the severity of disease, as demonstrated by the increased variability 

of a person’s step length and velocity and 20% decrease in step length compared to health 

controls.7-9,10 As the disease progresses and impairments increase, an individual’s ability to 

maintain independence and safety declines. Additionally, gait impairments have been shown to 
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correlate with activity limitations and difficulty maintaining minimum physical activity 

recommendations.11,12  

Despite this population having a disruption in motor coordination, the auditory system 

remains intact and properly receives information from the environment. The basal ganglia 

receives sensory information and improvements in movement have been observed with auditory 

facilitation techniques as external cues have been reported to improve the impaired internal motor 

response.13 In an attempt to bypass the dysfunction, the input system receives auditory 

information through the striatum to ultimately projects to the premotor cortex.3,14-17 Auditory 

information has been shown to impact sequencing, timing and behavioral response selection of 

movement.18 Utilization of sound to promote functional movement patterns relies on this auditory 

system to facilitate activation of the motor systems.3  

The set rhythm of RAS helps to maximize a person’s ability to improve gait. Individuals 

with PD have shown immediate gains in stride length, cadence regulation and symmetry with 

RAS set at a tempo 10% faster than preferred walking cadence.18 When RAS is delivered at 

percentages slower and faster than a preferred gait speed, cadence and velocity have immediate 

changes, but improvements are noted only at quicker tempos of 107.5% and 115% above 

preferred speed.19 Hausdorff et al20 also found that the use of RAS is more beneficial when the 

pace is set between 100 to 110% above preferred walking speed for stride length and swing time. 

Additionally, individuals with PD who completed an exercise program using quicker tempo RAS, 

demonstrated an overall 25% increase in stride length and cadence on flat and incline surfaces as 

compared to the control group without auditory cueing during testing 24 hours later indicating a 

potential carryover effect.21 
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 Patterned Sensory Enhancement (PSE) is an enhanced auditory technique which 

incorporates a musical component to possibly impact the spatiotemporal parameters and force 

patterns of a movement.22 Research has suggested that PSE, through interventions that 

melodically, rhythmically, and tonally facilitate improved functional movement, might result in 

improved movement outcomes.23 PSE tools have now become available in the treatment of gait 

dysfunction by physical therapists (PTs) for their patients.24 Preliminary research has suggested 

that through music, re-organization within the brain is possible and volitional movements can be 

initiated even when the stimulus is removed.25 Despite its potential, little advancements have been 

made to improve the effectiveness of music protocols used by PTs. Currently, the only way a PT 

can individualize auditory protocols, other than using a metronome, is to rely on a music therapist 

(MT), if available, as a member of the treatment team. For a PT to independently incorporate PSE 

into his or her treatment of persons with PD, a new tool is needed that would enable PTs to 

develop musical pieces for movement enhancement. Further, the reliability and validity of the 

new PSE tool in the PD population administered by a PT needs to be examined. 

The first purpose of this study was to evaluate the concurrent validity of a new PSE tool 

with RAS. The second was to assess the interrater reliability between MT’s and PT’s application 

of the new PSE tool through spatiotemporal parameters to determine the consistency between the 

disciplines. The hypotheses were that there would be a moderate correlation (r  0.70) between 

the 2 intervention strategies and a high level of interrater reliability (ICC values  0.70) between 

the MT and PT in treating individuals with PD for the measurements of velocity, cadence, step 

length, step width, and percentage of time spent in stance phase, swing phase, and single leg 

stance. 
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METHODS 

Participants  

  Twenty participants with PD were recruited from the Austin, Texas area. Sample size 

required to demonstrate adequate power was calculated, and 12 participants for the interrater 

reliability portion of the study were determined to be needed.26-28 Incorporating research assessing 

the validity of gait parameters using a computerized walkway and the effects of RAS on walking 

in individuals with PD, 20 participants were determined to be an appropriate number to determine 

significance and account for attrition.21,29-31 The inclusion criteria was a diagnosis of PD and a 

Hoehn and Yahr classification of I to IV (minimal use of an assistive device) with the ability to 

walk independently for at least 10 minutes over a level tiled surface.32 Exclusion criteria was a 

deep brain stimulator, an acute orthopedic injury, a surgery within 2 months of data collection, a 

hearing impairment not corrected by a hearing aide, or a complete dependence on an assistive 

device for walking any distance. The study was approved by the Internal Review Boards of Texas 

Woman's University and St. Augustine University, and all individuals participated in the 

informed consent process. 

Instruments 

Synchronized Optimization Auditory Rehabilitation (SOAR) tool. Utilizing the 

SOAR tool is a new approach created to simulate PSE techniques used by a MT for treating 

individuals with movement dysfunctions. The SOAR tool is the first of its kind and was created 

by a MT using software through Ovation11, that allows a therapist to create musical pieces 

individualized to a person’s needs in real time. This process is based upon the theory that 

stimulating the auditory system can facilitate movements.  The SOAR tool uses an innovative 

                                                           
11 Merging Technologies,82 Gilman St., Portland, ME 04102 
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process in recording and play back that is specifically designed so that PSE can be manipulated 

by a therapist through touch screen technology. By customizing the sensory input, PTs could 

potentially stimulate the audio drivers for the motor system to facilitate gait improvements. 

The SOAR tool uses a digitally recorded instrumental composition of a generic genre 

along with instrumental tracks that include the trombone, piano, guitar, clarinet, upright bass, and 

saxophone. Each PSE instrumental track, in theory, corresponds with a specific portion of the gait 

cycle. Each tempo is initiated through a single drum beat to establish the pace while the 

remaining instrumental tracks can be started and stopped as needed in real time during 

observational gait analysis. This flexibility allows for immediate adjustments during gait 

assessment and training. The instrumental threads are recorded separately and are then heard as a 

melody, regardless of the number of tracks played. This technology allows the melody to be 

customized to a person depending on the impairments presented and modified in real-time based 

on the person’s reaction to the auditory cue. A pilot study, demonstrated the SOAR to impact 

ambulation after training, but currently this is the first study assessing the methodology of this 

novel approach to delivering PSE by a PT.33  

Zeno Walkway System (Zeno) with ProtoKinetics Movement Analysis software (PKMAS)12. 

A computerized walkway system that was used for data collection and is a reliable and valid 

method for obtaining information about the gait cycle.30,31,34,35 The Zeno with PKMAS is a gait 

analysis system that uses similar components of the GAITRite13 but incorporates an updated 

PKMAS.36 There are high levels of consistency between the Zeno and GAITRite in the 

spatiotemporal parameters which has been validated for assessing spatiotemporal gait parameters 

                                                           
12 ProtoKinetics, 60 Garlor Dr., Havertown, PA 19083 
13 CIR Systems, Inc., 12 Cork Hill Rd., Franklin, NJ 07416 
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when compared to motion analysis systems along with being able to discriminate between healthy 

individuals and those with PD.30,31, 37,38  

Procedures 

Prior to starting data collection, 2 MTs and 2 PTs completed training involving education 

for the PTs in the use of the SOAR tool and experimental protocols. The MTs instructed the PTs 

on the clinical theory of each instrumental track and how to use the software system. After 

training, the disciplines independently used the SOAR tool for gait training 2 individuals with 

PD. The results were compared and discussed to ensure the PTs were competent in using the 

program.  

The 16-foot Zeno was used to measure the spatiotemporal parameters of the participants’ 

gait. The participants were instructed to walk across the mat at their preferred walking speed. 

Tape was placed on either end as a visual cue to walk toward. Participants were instructed to start 

at 1 piece of tape and walk across the mat to the other piece, turn and stand for 5 seconds until 

instructed to walk the length of the mat again. The instructions promoted uniformity and 

encouraged the participants to walk through the entire length of the mat at a consistent pace.  For 

each condition, individuals completed 3 passes and the results were averaged for data analysis.  

Participants completed 2 separate days of testing, first with an experienced MT and 

second with a PT within 1 to 5 days of testing by the MT.  On both days, the participants were 

tested within 2 hours of taking their PD medication. Participants were randomly assigned to 1 of 

2 groups, “control-RAS-SOAR” or “control-SOAR-RAS”, to minimize the confounding effects 

of a carryover response. The control condition was no auditory cueing and the measurements 

were processed using PKMAS and the determined cadence was used to establish the tempo for 

the auditory cues. The preset tempos available for the SOAR tool were 45, 57, 72, 89, and 108 
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beats per minute. If a participant’s cadence fell between 2 pre-established tempos on the SOAR 

tool, the higher tempo was used if the participant was deemed safe when walking at that tempo. 

The RAS and SOAR tool used identical tempos, maintaining consistency between the 2 

conditions. Likewise, the same computer and speaker system was used to deliver the 2 auditory 

cues. 

On the first day of testing, participants worked with the MT and completed all 3 

conditions.  First, they completed the control condition and then the next condition of their 

assigned group, RAS or SOAR tool. Then participants practiced a walking trial to the auditory 

cue (RAS SOAR tool) for 5 to 10 minutes around the Zeno with chairs placed throughout the 

room for sitting rest breaks as required. The surface was level, and the participants were 

instructed to start, stop randomly, and turn throughout the trial. The participants’ tempo for the 

RAS condition was determined from the cadence during the control trial, and the metronome was 

set to the corresponding preset tempo. During the SOAR tool walking portion of the trials, the 

MT adjusted the instrumental combination in an effort to maximize the person’s overall quality of 

gait pattern. Observational gait analysis was used to assess changes in the participants’ walking 

pattern such as changes in festination, trunk posture, heel strike, and arm swing. Various 

combinations were trialed until the best gait pattern was determined by the MT. To decrease the 

influence of prompts other than the auditory cues, no additional verbal cues were given. Once the 

MT felt the participants’ gait was maximized and the participants reported feeling comfortable 

with the cue, spatiotemporal testing on the Zeno was completed while listening to the auditory 

cue. Participants were allowed to rest only as much as was needed between walking trials and 

testing. The combination of instrumental threads chosen was recorded and placed in a secured 

envelope by the MT. 
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Between the 2 tests (RAS or SOAR), participants completed a wash-out period of 1 hour. 

After the wash-out period, the participants completed the same sequence of walking, rest and then 

testing trials with the other auditory cue.  

Within 1 to 5 days of the first testing day, the participants returned for testing with the 

PT. The PT was blinded to the initial results and instrumental tracks chosen by the MT and was 

only given the tempo acquired during the control session on the first day. The PT only measured 

the control condition of no auditory cueing and the SOAR tool in that order for all participants. 

The first condition was measured using the same procedures as the first day with the MT and 

included 3 passes on the Zeno.  Next, the participants completed 5 to 10 minutes of walking while 

the PT played various combinations of instrumental threads. The same spatiotemporal variables 

along with gait quality were observed by the PT. With the PT blinded to the combination chosen 

by the MT, the tracks were chosen based on movement response. Once the PT determined the 

optimal gait pattern using the SOAR tool, the participants completed the 3 measured walking 

passes on the Zeno. 

Data Analysis 

 All statistical analyses were calculated using SPSS 25 software (SPSS, Inc, Chicago, IL).   

To determine the strength of the relationship of gait parameters (velocity, cadence, step 

length, step width, and percentage of stance phase, swing phase and single limb support) 

administered by the MT between RAS and the SOAR tool, parametric Pearson’s correlations with 

bootstrapping were used, α = 0.05.39 

 To evaluate the reliability of the same gait measures between the MT and PT using the 

SOAR tool, intra-class correlation coefficient (ICC) (2,k) values were calculated, α = 0.05. ICC 
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values were analyzed according to the following criteria: ≤ 0.49 was deemed low reliability, 0.50 

to 0.69 as moderate, 0.70 to 0.89 as high, and 0.90 to 1.0 as very high reliability.40  

RESULTS 

 Twenty participants completed the study, see Table 3.1. The mean and standard 

deviations of the dependent variables are illustrated in Table 3.2. 

 

Table 3.1: Participant Demographics (N = 20) 

Characteristic Mean (SD)  

Gender (male,female) 10,10  

Age  72.95 (7.1)  

Years with PD      4.05 (3.12)  

Hoehn and Yahr stage (n)   

     I  5 

     II  4 

     III  8 

     IV  3 

Assistive device (n)   

     Straight cane  2 

     Rolling walker  1 

Cadence tested (n) 

      89 beats/minute 

    108 beats/minute 

  

16 

4 
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Table 3.2: Dependent Variable Means and Standard Deviations (N = 20) 

Measure MT 

No cue 

MT 

RAS 

MT 

SOAR 

PT  

No cue 

PT  

SOAR 

      

Velocitya  

 

0.89 (0.31) 0.94 (0.32) 0.95 (0.33) 0.94 (0.25) 0.96 (0.28) 

Cadenceb  

 

104.18 

(13.27) 

105.95 

(9.53) 

107.5 

(11.34) 

109.08 

(8.79) 

106.0 (8.93) 

Left step lengthc  

 

50.56 

(13.02) 

52.52 

(13.97) 

52.92 

(13.88) 

51.56 

(10.92) 

54.01 

(12.39) 

Right step lengthc  

 

51.50 

(12.71) 

53.61 

(13.32) 

53.68 

(13.49) 

52.11 

(10.47) 

54.68 

(12.29) 

Step widthc  

 

8.36 (2.9) 8.65 (2.41) 8.54 (2.43) 7.86 (2.74) 8.28 (2.82) 

% Stance left  

 

67.68 (5.67) 67.17 (6.37) 67.46 (6.33) 67.06 (4.89) 67.09 (5.94) 

% Stance right 

 

67.71 (5.67) 67.29 (6.27) 67.46 (6.38) 69.33 

(13.41) 

70.38 

(19.52) 

% Swing left 

 

32.32 (5.67) 32.83 (6.37) 32.54 (6.33) 32.94 (4.89) 32.91 (5.94) 

% Swing right 

 

32.29 (5.67) 32.71 (6.27) 32.54 (6.38) 30.67 

(13.41) 

29.63  

(19.53) 

% SLS left 

 

32.31 (5.72) 32.59 (6.2) 32.42 (6.21) 32.64 (4.55) 33.05 (4.58) 

% SLS right 32.3 (5.61) 32.78 (6.33) 32.45 (6.21) 32.89 (4.92) 33.11 (4.95) 
ameters/second, bsteps/minute, ccentimeters 

Abbreviations: SLS, single leg stance 
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Validity 

To answer the question of whether there is a relationship between RAS and SOAR tool 

utilization by a MT for gait parameters, Pearson’s correlation values were calculated. There were 

significant correlations between RAS and the SOAR tool administered by the MT for all gait 

variables: velocity (r = 0.96, P = 0.01), cadence (r = 0.86, P = 0.01), left and right step length 

respectively (r = 0.94 and 0.96, P = 0.01), step width (r = 0.90, P = 0.01), percentage time in 

stance phase for left and right leg respectively (r = 0.98 and r = 0.90, P = 0.01), percentage time 

in swing phase for left and right leg respectively (r = 0.98 and r = 0.90, P = 0.01), and percentage 

time in single leg stance for left and right leg respectively (r = 0.98 and r = 0.98, P = 0.01).  

Reliability 

To address the question of whether a PT using the SOAR tool can have similar gait 

parameter results in patients with PD as a MT, ICC values were calculated.  Interrater reliability 

ICC values for the 2 disciplines were significant (P < 0.001) and high for the following gait 

variables: velocity (ICC = 0.94 range [0.84 to 0.97]), cadence (ICC = 0.79 range [0.54 to 0.91]), 

left step length (ICC = 0.92 range [0.82 to 0.97]), right step length (ICC = 0.89 range [0.75 to 

0.96]), step width (ICC = 0.95 range [(0.87 to 0.98]), percentage stance left leg (ICC = 0.99 range 

[0.97 – 0.99]), percentage swing left leg (ICC = 0.99 range [0.97 to 0.99]), percentage left single 

leg stance (ICC = 0.97 range [0.91 to 0.99]), percentage right single leg stance (ICC = 0.97 range 

[0.93 to 0.99]). The interrater reliability ICC values for right lower extremity percentage stance 

and swing phase were significant (P < 0.006) and moderate: (ICC = 0.70 range [0.24 to 0.88]) 

and (ICC = 0.70 range [0.24 to 0.88]) respectively.  
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DISCUSSION 

 This study describes the validity of a new tool in auditory cueing for people with PD and 

the ability of a PT, not trained in the musical field, to reliably use it. Given the novelty of the 

SOAR tool, this is the first study assessing its validity and reliability. RAS has been studied and 

has demonstrated its ability to effectively promote changes in the spatiotemporal parameters of 

gait in the PD population.18-21 The simplicity of RAS has made it an ideal choice for PTs when 

implementing auditory cues during therapy sessions. A meta-analysis by Spaulding et al41 

concluded that auditory cueing had a positive impact on velocity, cadence and stride length, but 

more research was needed to address the usability of various forms of auditory cueing, carryover 

effects, and social impact on the user.  

The results of this study suggest a moderate to high correlation between RAS and the 

SOAR tool on the spatiotemporal parameters of gait. With RAS being the gold standard for PT 

auditory cuing in this population, the findings indicate the possibility of the SOAR tool being 

another effective method of auditory cue delivery.  With the ability to provide individualized 

auditory cuing, the SOAR tool may have some advantages of further improving gait patterns and 

providing input more amenable to patient use. 

Additionally, the interrater reliability between the MT and PT of administering the SOAR 

tool was high. These preliminary findings suggest the usability of this new auditory tool by PTs 

for treatment of individuals with PD. Since the PT was able to use the software equipment and 

develop a musical piece that affected the gait pattern of the participants to the same degree as the 

MT, the SOAR tool could be incorporated into a PT treatment plan. Outside of the initial training 

sessions prior to data collection, neither PT in the study was skilled in musical composition or 

performance. The PTs relied solely on observed performance and reaction to the auditory cues to 
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determine the best composition for each participant. The high interrater reliability between the 2 

disciplines indicates that the SOAR tool could potentially be a new method for delivering 

auditory cues to a patient with PD in the PT clinic, thus progressing from the customary simple 

repetitive cue of the metronome. To the knowledge of the authors, currently there is no published 

research comparing the interrater reliability of a MT and PT using RAS or 2 MTs using the 

SOAR tool for gait. 

Limitations 

The preset tempos within the software of the SOAR tool did not allow for flexibility 

during testing and therefore did not allow for a uniform percent of increase in tempo above a 

participant’s preferred walking speed. The researchers, both MTs and PTs, used the same tempo 

for both RAS and the SOAR tool but could not adjust the tempos incrementally to maximize 

personalization. Another limitation of the tempo settings was that 108 beats per minute was the 

maximum available tempo. Nine of the 20 participants had a preferred walking cadence higher 

than 108 steps per minute. When measured using either auditory stimulus, some of these 

participants showed lower velocity and slower cadence. This change in velocity and cadence 

continues to support the theory that auditory cueing can impact gait cadence, both positively and 

negatively. 

Additionally, some participants demonstrated variability of the spatiotemporal parameters 

of the control condition between the testing days. Because PD is a progressive condition, changes 

in function over time can be expected. The investigators attempted to reduce the risk of extreme 

physical changes by scheduling the second day within 5 days of the first as it is not expected a 

person would decline that rapidly without an unusual circumstance. All subjects were also tested 

within 2 hours of taking their medications for PD on both days.  
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The final limitation to this study was that only the spatiotemporal parameters of stepping 

were measured. PSE techniques are believed to influence qualities of gait that are outside of 

stepping such as arm swing, trunk extension, and heel strike. While these changes were noted 

through observational gait analysis, there was no quantitative data to assess these variations. 

CONCLUSION 

 Auditory cueing has been shown to be an important and effective training method to 

improve the gait pattern in individuals with PD. The results of this study suggest that the SOAR 

tool is a valid tool when compared to RAS, and its administration is reliable between MTs and 

PTs.  The clinical implication of these findings is that a PT could use auditory cueing in the form 

of a PSE when deemed appropriate for a patient. The SOAR tool is important because playing a 

random song, not customized to a person’s needs, will not specifically and consistently activate 

the motor drivers necessary to produce a desired action. Currently, if a MT is not part of the 

rehabilitative team at a facility, a PT is limited to a metronome for auditory cueing. The potential 

exists to positively influence an individual with PD’s gait pattern with the more customized 

approach of the SOAR tool. The findings of this study support the use of the SOAR tool for gait 

intervention by a PT when RAS and PSE are deemed appropriate.  
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THE IMPACT OF TWO TYPES OF AUDITORY CUEING ON MUSCULAR ACTIVATION 

IN PEOPLE WITH PARKINSON’S DISEASE DURING AMBULATION 
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INTRODUCTION 

 Auditory cues are external prompts intended to facilitate movement. In the neurologically 

involved population, auditory cues have been shown to have an immediate and long-term impact 

on spatiotemporal parameters of gait (Behrman et al., 1998; Morris et al., 1994). When auditory 

cues are used in individuals with Parkinson’s disease (PD), evidence has shown improvements in 

velocity, cadence, step length and symmetry (Thaut et al., 1992; McIntosh et al., 1997, Thaut et 

al., 1996; Behrman et al., 1998; Howe et al., 2003; Spaulding et al., 2013; Bukowka et al., 2016). 

The two strategies used in Neurologic Music Therapy are Rhythmic Auditory Stimulation (RAS) 

and Pattern Sensory Enhancement (PSE). RAS is typically a fixed tempo provided through a 

metronome.  PSE involves a fixed tempo along with individualized harmonies, melodies and 

pitch changes designed to enhance movement. Each method encourages the user to move with the 

stimulus to increase speed or amplitude of movement (Thaut & Hoemberg, 2014). Ambulation is 

the typical functional activity with which auditory cues are most commonly used.  

PD is a neurodegenerative disease that affects the production of dopamine within the 

basal ganglia. The reduction in dopamine leads to characteristic signs associated with the disease 

process including bradykinesia, tremor, rigidity and postural instability (Tarakad & Jankovic, 
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2007; Patel et al., 2014). These cardinal signs contribute to limitations in mobility, safety and 

independence, along with increases in the variability of step length and velocity during walking 

(Blin et al., 1991; Arias et al., 2008; Rochester et al., 2006). Individuals with PD display a 19.6% 

decrease in step length compared to healthy controls (Mak, 2013).   

The PD population demonstrates difficulty with initiating movement due to the over 

activation of inhibitory pathways, ultimately leading to timing deficits (Dalla Bella et al., 2015). 

Imaging has shown auditory cues’ ability to bypass the dysfunctional basal ganglia to stimulate 

the supplementary motor cortex, premotor cortex and cerebellum, even when administered 

without voluntary movement involvement (Freeland et al, 2002; Zatorre et al., 2007; Grahn & 

Brett 2007). Activation of these areas allows the auditory cue to facilitate movement within the 

individual with PD despite the issue of the basal ganglia not working appropriately. Specifically, 

kinematic analysis of gait shows that with the use of RAS and PSE, individuals with PD show  

increases in velocity, cadence, step length, and single limb support (Thaut et al., 1992; McIntosh 

et al., 1997; Morris et al., 1994; Thaut et al.,1996; Behrman et al., 1998; Howe et al., 2003; 

Hausdorff et al., 2007; Thaut and Abiru 2010, Spaulding et al., 2013, Wittwer et al., 2013; 

Bukowska et al., 2016).  

The progressive nature of PD leads to abnormalities of muscles’ ability to contract. 

Comparison of needle electromyography (EMG) findings of the tibialis anterior (TA) muscles in 

individuals with PD has shown changes in amplitude and duration of the contraction when 

compared to healthy individuals’ motor units (Caviness et al., 2000). Surface EMG has also been 

able to distinguish between individuals with PD and individuals with no neurological 

involvement based on their signal patterns of the biceps brachii (Meigal et al., 2009; Rissanen et 

al., 2009; Robichaud et al., 2009). While individuals with PD demonstrate similar contraction 
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patterns as the healthy population, reduced EMG amplitude signal of the gastrocnemius (G) and 

greater amount of co-contraction between antagonist muscles of the lower extremities have been 

noted (Dietz et al., 1981; Miller et al., 1996; Dietz et al., 1995).  

Research assessing the effects of auditory cueing on muscle activation during ambulation 

in individuals with PD is limited despite extensive work that has been done to study gait 

kinematics in PD populations. Fernández del Olmo and Cudeiro (2003) found a significant 

increase in EMG activity of the TA and G in individuals with PD when walking utilizing RAS as 

compared to no auditory cue. The sample size was small, and the changes were measured 

immediately after RAS was administered. The non-PD healthy population has also shown 

immediate improvements in duration, variability of duration, and amplitude of EMG activity of 

the G when walking with RAS (Thaut et al., 1992). To the researcher’s knowledge, there have 

been no additional studies published that have assessed the EMG changes during gait in 

individuals with PD when using RAS or PSE to facilitate movement. Changes in EMG activity of 

the TA and G, in response to auditory cueing, could facilitate a more effective and efficient gait 

pattern in the PD population. 

The first purpose of this study was to determine the amount of muscular contraction of 

bilateral TA and G during ambulation under 3 conditions:  no auditory cue, using RAS, and using 

the most current PSE tool, the Synchronized Optimization Auditory Rehabilitation (SOAR) tool. 

The second purpose of this study was to determine if using the SOAR tool resulted in stronger or 

faster contraction of the bilateral TA and G than when using RAS or no auditory cue. Based on 

previous work by Fernández del Olmo and Cudeiro (2003), we hypothesized that there would be 

a significant increase in muscular activation of the TA or G when walking using the SOAR tool, 
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as compared to activation while walking in the other 2 conditions, using RAS and no auditory 

cue. 

METHODS 

Participants 

The participants were a convenience sample of 20 individuals with PD. Power 

calculations suggested 6 subjects would be required to show adequate power (Fernández del 

Olmo and Cudeiro 2003).  However, given attrition and procedural limitations, all 20 

participating in concurrent studies were recruited. The participants were recruited from local 

physicians, Parkinson’s support groups, community exercise groups, and word of mouth. The 

inclusion criteria were persons with a diagnosis of PD classified in Hoehn and Yahr stages I to IV 

(bilateral involvement with postural instability and minimal use of an assistive device) and having 

the ability to walk independently for at least 10 minutes (Hoehn & Yahr, 1967). The exclusion 

criteria were persons having a deep brain stimulator, an acute orthopedic injury or having 

undergone surgery within the last two months.  Additional exclusion criteria included persons 

having a hearing impairment that was not corrected with hearing aids or being completely 

dependent on an assistive device. All participants were tested within 60 to 120 minutes of taking 

their prescribed medication for PD. The study was approved by the Internal Review Boards of 

Texas Woman's University and St. Augustine University, and all individuals participated in the 

informed consent process. 
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Instruments 

Wirelss Delsys trigno EMG unit14  

The wireless Delsys trigno EMG unit using surface electrodes was used to record the 

muscle activation onset, duration and intensity. The EMG recording sensor had a built-in band-

pass filter with band width between 20±5 Hertz (Hz) and 450±50 Hz and required no external 

wiring from the electrode to the software system (Delsys, 2017).  

Auditory Cues 

The 3 conditions for auditory cues were: no cue, RAS, and PSE/SOAR.  For RAS, a 

metronome was played through the same computer as the SOAR tool.  For PSE, the SOAR tool 

was used. The SOAR tool is a software system for treatment of people with gait dysfunctions. 

The SOAR tool, created by a music therapist, uses playback methodology allowing a therapist to 

individualize auditory cues more than RAS and create musical pieces individualized to a person’s 

needs in real time. Being able to customize the musical piece could potentially allow a therapist 

to more specifically stimulate the audio drivers for the motor system and facilitate more 

predictable gait parameter improvements during treatment sessions (Thaut and Hoemberg, 2014). 

The SOAR tool uses a digitally recorded instrumental composition of a generic genre. The 

instrumental PSE tracks in theory, corresponds with a specific portion of the gait cycle and the 

varying tempos are initiated through a single drum beat to establish the pace and serve the 

purpose of RAS. The remaining instrumental threads can be started and stopped through a touch 

screen allowing for immediate real-time adjustments during gait assessment and training.  

 

 

                                                           
14 Delsys, INC., 23 Strathmore Rd., Natick, MA 01760 
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Procedures 

 The wireless Delsys trigno EMG surface electrodes, 27 X 37 millimeters (mm), were 

placed bilaterally on the lateral aspect of the TA and medial aspect of the G muscles as outlined 

by the Delsys user manual (Delsys, 2014); see Figure 1. The required area of application was 

fully exposed and cleaned with an alcohol swab to ensure adequate coupling. One surface 

electrode was used for each of the four muscles and two Force Sensitive Resistor (FSR) were 

using to record stepping (Rosati et al., 2017). The FSR sensors were placed on the outside of the 

shoe at the heel and toe of each foot to record pressure and timing at heel strike and toe off to 

establish the gait cycles for analysis. The sampling rate for gathering EMG signals of the four 

muscles was 1,000 Hz. EMG recording for one repetition maximum (1RM) contraction was taken 

for each muscle in the standard position. The participants completed the maximum contraction 

muscle testing in the seated position for safety. The TA 1RM was completed with the hip and 

knee flexed to 90 degrees.  The G 1RM was completed with the knee extended, to promote 

improved biomechanical advantage of the muscle, and the hip flexed to a position comfortable for 

the participant’s hamstring length (Criswell, 2011; Hagen et al., 2016; Craig et al., 2016; Ruiz-

Munoz et al., 2016). The maximum contraction was held against the resistance of the tester and 

recorded for three seconds, with a 10 second relaxation period, for three repetitions (Hagen et al., 

2016); see Figure 2. 



124 
 

 
Figure 4.1: Surface EMG electrode placement: Tibialis Anterior and Gastrocnemius 

 

 
Figure 4.2: Positioning for 1RM testing: Gastrocnemius and Tibialis Anterior muscles 

 

 

EMG data was collected during walking for the three conditions: no auditory cue, RAS 

cueing and the SOAR tool administered by a music therapist. The no auditory cue was given first, 

established as the control condition, and the tempo for RAS and the SOAR tool were derived 

from the walking cadence recorded during the no auditory cue trial using a Zeno walkway 

system15 (Bilney et al., 2003; Ergeton et al., 2014). The preset tempos available for the SOAR 

                                                           
15 ProtoKinetics, 60 Garlor Dr., Havertown, PA 19083 
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tool were 45, 57, 72, 89, and 108 beats per minute. If a participant’s cadence fell between two pre-

established tempos on the SOAR tool, the higher tempo was used if the participant was deemed 

safe when walking. The metronome and SOAR tool used identical tempos, maintaining 

consistency between the two conditions, and the administration order was randomized. Each 

participant completed a one hour wash-out period between the 2 auditory cue types to decrease 

the risk of a carryover response. Walking to each auditory cue type lasted for 5 to 10 minutes to 

allow the participant to become accustomed to the tempo and external stimulus. The tester did not 

give any verbal instructions other than “walk to the beat” to discourage external feedback other 

than what RAS or the SOAR tool was providing. Once the participant reported to be comfortable 

with the auditory cue being administered, EMG recordings were collected during three walking 

passes of 16 feet.  

Data Analysis 

 EMGworks® software was used for interpretation and analysis. The raw data was 

corrected by direct current offset and full-wave rectified. A band pass filter with a band width 

between 10 to 500 Hz was applied to reduce background noise.  

Root mean square (RMS) of the TA and G muscles 

The RMS with a sliding window of 0.25 seconds (sec) was used to calculate the 

amplitude of muscle activation within each gait cycle for each muscle. Average RMS was 

calculated across all gait cycles and across all three walking trials within each condition (i.e. no 

cue, RAS, and PSE/SOAR). Initially, the RMS was used from the isometric contraction and gait 

cycles to calculate the percentage Maximum Voluntary Isometric Contraction (MVIC) for 

normalization. Due to issues with some participants’ initial MVIC being less than that recorded 

during walking, normalization in the traditional method was difficult. Since the purpose of the 
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study was to compare the change in muscular contraction with the use of the auditory cues, RAS 

and the SOAR tool were normalized to the control condition (no auditory cue) for analysis 

(Burden, 2010; Yang & Winters, 1984).  

Duration of TA and G muscle activation 

 The duration of the muscle contraction was established when the EMG signal exceeded 

5% of the baseline average recorded during quiet standing. Due to the inconsistent number of 

steps taken by each participant, and to account for changes in muscle contraction when initiating 

and stopping walking, data on the duration of the contraction of the TA and G muscles were 

recorded and averaged during the third gait cycle of each walking pass (Campanini et al., 2007; 

Arsenault et al., 1986).  

Statistical Analysis 

 Two repeated measures analyses of variance (ANOVA) were used to analyze whether 

there were significant differences in both the RMS contraction and the duration of contraction for 

bilateral TA and G during the three conditions (no auditory cue, RAS, SOAR), with alpha set at 

0.05.  A Bonferroni correction was used during post hoc testing to decrease the risk of a 

familywise error. All statistical analyses were calculated using SPSS 25 (SPSS, Inc, Chicago, IL).  

RESULTS 

Of the 20 participants, 17 (9 males, 8 females) were used for analysis of data.  Three 

participants’ data had to be excluded due to instrumentation issues. In the excluded participants, 

either one or both FSRs did not adequately record pressure during stance phase which made 

determining the gait cycle inaccurate. There were 14 participants tested at a cadence of 108 

beats/minute and 3 tested at 89 beats/minute. Demographics are presented in Table 4.1. 
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Table 4.1: Demographics and walking speed (N = 17) 

CHARACTERISTIC MEAN STANDARD 

DEVIATION 

MODE 

Age (years) 72.0 7.26  

Years with PD 3.59 3.34  

Height (inches) 65.0 4.52  

Weight (pounds) 154.82 30.05  

Hoehn & Yahr Stage         III 

    

VELOCITY*     

No Auditory  0.93 0.28  

RAS  0.98 0.27  

SOAR Tool  0.98 0.29  

*Velocity in meters/second for all variables 

Root mean square (RMS) of the TA and G muscles 

 Mauchly’s test indicated the assumption of sphericity had been violated for the main 

effects of both muscle groups: TA χ 2 = 0.80, p < 0.027 and G χ 2 = 0.31, p = 0 < 0.001; therefore, 

Greenhouse-Geisser corrected tests are reported (ε = 0.83, ε = 0.60 respectively). The results 

show that the RMS of each muscle was not significantly affected by the addition or type of 

auditory cue heard when walking. The statistical values for each variable are as follows: TA 

F(1.66, 54.94) = 0.29, p = 0.71 and G F(1.18, 39.05) = 0.06, p = 0.85. The mean values of 

contraction as shown through the RMS are listed in Table 4.2. 

 

Table 4.2: Muscular activation changes with external cueing 

 TIBIALIS 

ANTERIOR  

MEAN (SD) 

GASTROCNEMIUS 

 

MEAN (SD) 

NO AUDITORY RMS (mV) 0.117 (0.0001) 0.192 (0.0003) 

RAS RMS (mV) 0.111 (0.0001) 0.191 (0.0003) 

SOAR RMS (mV) 0.120 (0.0001) 0.174 (0.0003) 

   

% RAS   95% 99% 

% SOAR 102% 91% 

RMS (mV)-Root Mean Square in milliVolts, Duration in seconds 
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Duration of the TA and G muscle activation 

Mauchly’s test indicated the assumption of sphericity had been violated for the main 

effects of TA χ 2 = 0.77, p = 0.014; therefore, Greenhouse-Geisser corrected tests are reported (ε = 

0.81). The right G met Mauchly’s test for the assumption of sphericity, G χ 2 = 0.99, p = 0.91 and 

sphericity assumed tests are reported. The results show that the duration of each muscle 

contraction was not significantly affected by the addition or type of auditory cue heard when 

walking. The statistical values for each variable are as follows: TA F(1.62, 53.51) = 0.46, p = 

0.59 and G F(2,66) = 0.93, p = 0.4. The mean duration of contraction during the third gait cycle 

of all three walking trials are illustrated in Figure 3.  

 

Figure 4.3: Mean duration of contraction 
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DISCUSSION 

 This study aimed to assess the changes in muscle contraction of the TA and G in 

individuals with PD during ambulation with three different auditory cueing conditions. While 

previous research has reported the changes when using RAS, given the novelty of the SOAR tool, 

this is the first study assessing its effect on muscular contraction during ambulation in individuals 

with PD.  

 The results of this study do not align with previously reported changes in muscular 

contraction of the averaged TA and G when comparing RAS to no auditory cues (Fernández del 

Olmo and Cudeiro, 2003). Likewise, the findings did not demonstrate any significant differences 

between the three conditions of no auditory cue, RAS and the SOAR tool. The mean values do 

indicate a slight increase in duration of activation with the SOAR tool as compared to the others, 

but not significant.  The mean duration of each muscle group did present with a similar trend of 

increased activation. While the results were not significant, possibly the same neural circuits were 

activated by RAS and the SOAR tool to increase the time the muscle contracted during 

ambulation.  

 There was an increase in gait speed when using the auditory cues, however the increase 

did not meet the minimal detectable change velocity of 0.05 m/sec. A velocity increase with 

auditory cueing, in individuals with PD, has been documented in the research. Most studies assess 

changes after an intervention phase, but a few measure immediate effects (Thaut et al., 1992; 

McIntosh et al., 1997; Morris et al., 1994; Thaut et al.,1996; Behrman et al., 1998; Howe et al., 

2003; Hausdorff et al., 2007; Thaut & Abiru 2010, Spaulding et al., 2013, Wittwer et al., 2013; 

Bukowska et al., 2016). The external cue of RAS and PSE is theorized to indirectly cue the motor 

cortex to initiate movement (Freeland et al, 2002; Zatorre et al., 2007; Grahn & Brett 2007). The 
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purpose of this study was not to determine if there was a significant difference in gait speed 

between the 3 conditions, but there was not a substantial difference in the mean velocity between 

RAS and the SOAR tool. While the SOAR tool increased duration more than RAS, both 

conditions appeared to have a comparable effect on the duration of contraction of the TA and G 

when ambulating. 

 Another point to recognize is this study included individuals within stages I to IV on the 

Hoehn and Yahr system, and the study by Fernández del Olmo and Cudeiro (2003) only assessed 

individuals in stages III and IV. Their reported average stage was 3.2 while the participants in this 

study were staged an average of 2.4. Fernández del Olmo and Cudeiro (2003) compared the 

individuals with PD to healthy age-matched controls, and the healthy control group did not 

demonstrate a significant change in slope or duration in the TA and G when ambulating to RAS. 

The difference could be considered that the individuals in this study did not have enough 

progressive impairments of bradykinesia and rigidity collectively that could have been 

significantly impacted by the auditory cue.  

 There were several limitations to this study. One limitation was the difficulty normalizing 

the data for assessing the percentage MVIC during ambulation across all participants. There are 

several possible reasons why some participants showed a much higher RMS during walking than 

through isometric maximum contraction testing prior to ambulation. Research has reported that 

individuals with PD demonstrate different EMG signals than individuals without neurological 

conditions (Dietz et al., 1981; Miller et al., 1996; Dietz et al., 1995; Meigal et al., 2009; Rissanen 

et al., 2009; Robichaud et al., 2009). This difference could have resulted in the participants not 

being able to adequately recruit the muscles during voluntary contraction, which has been 

previously reported in the healthy and neurological populations (Clarys, 2000; Clary & Cabri, 
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1993; Burden, 2010; Burden & Bartlett, 1999). Shiavi et al. (1998) reported that lower extremity 

muscle activity varies with varying speeds and that the activity is more variable when an 

individual walks at a slower speed.  The participants’ velocity could have impacted the EMG 

recordings of the current study. Another possible reason for inadequate initial recruitment was 

that isometric testing was completed in sitting in an open chain activity. Ambulation consists of 

being upright, weight bearing and alternating between open and closed chain contractions; 

therefore, the nature of isometric testing differed from the activity of walking. However, there 

were two reasons testing was completed in sitting. First, isometric testing of the TA and G in 

sitting has been reported in previous literature as a method for collecting EMG data (Criswell, 

2011; Hagen et al., 2016; Craig et al., 2016; Ruiz-Munoz et al., 2016). The second reason was for 

participant safety. Another method for collecting isometric maximum contractions of the G is 

through a single leg heel raise. Given that the individuals were in Hoehn and Yahr stages I to IV, 

some participants would not be able to safely complete an unassisted single heel raise due to 

balance and postural instability impairments. Therefore, for consistency purposes, all participants 

were tested in a seated position. The isometric testing was also completed against the tester’s 

resistance. It is possible that the tester was not able to provide sufficient resistance to allow for 

maximum recruitment of the muscle by the participant. 

 Other limitations of the study were in the design. The sample size for recruitment was 

small and additional participants could have impacted the results. The participants were also 

given minimal verbal instruction on how to walk with the auditory cue, unlike a typical treatment 

in the clinical setting. The purpose of the study was to assess the immediate potential changes in 

muscular contraction with each given auditory cue, so the testers gave no other cue than to walk 

with the beat. The minimal instructions could have led to confusion on how to appropriately use 
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the strategy for ambulation. As the effects were immediately recorded after administration of the 

auditory cue, there was also insufficient time for permanent muscular changes. Chung et al., 

(2016) reported that training several times a week for 8 to 10 weeks has been the most effective 

way for strengthening muscles in individuals with PD. The short duration of this strategy could 

account for no significant changes that could be recorded through surface EMG. 

CONCLUSION 

 At this time, is the results are inconclusive as to whether the addition of auditory cues 

facilitates an immediate change in the amount or duration of contraction of the TA or G during 

ambulation in individuals with PD. Future studies providing more long-term interventions would 

be needed to determine if more significant changes could be made physiologically through 

training using various auditory cues.  
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CHAPTER V 

DOES A CUSTOMIZED MUSICAL SONG PROMOTE A MORE POSITIVE EXPERIENCE 

VERSUS RHYTHMIC AUDITORY STIMULATION WHEN USED TO ENHANCE 

WALKING FOR PEOPLE WITH PARKINSON’S DISEASE? 

To Be Submitted For Publication in the 

Physical & Occupational Therapy in Geriatrics Journal 

Kristen Barta, Carolyn Da Silva, Shih-Chiao Tseng, Toni Roddey 

Introduction 

 The use of external cueing for individuals with Parkinson’s disease (PD) has been shown 

to be an effective strategy to improve spatial and temporal parameters of gait (Behrman et al., 

1998; Morris et al., 1994). The pathophysiology of PD results from a progressive disruption of 

dopamine within the basal ganglia. Dopamine reduction leads to the four cardinal signs of PD: 

bradykinesia, tremor, rigidity, and postural instability (Tarakad & Jankovic, 2017). As the disease 

progresses, and production is further reduced, these characteristics become more severe and lead 

to safety issues, loss of independence and a decline in quality of life.  

 In individuals with PD, the interference in the ability to create appropriate motor 

responses is due to the over activation of pathways that inhibit movement, leading to timing 

deficits within the motor system. However, the auditory system remains relatively intact and can 

properly receive information from the environment. The auditory stimulus provides an additional 

method to activate the motor system, by using a loop to the cerebellum and thalamus, which 

indirectly activates the premotor cortex through the temporal and parietal lobes (McIntosh et al., 
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1997; Freeland et al., 2002; Grahn & Brett, 2007; Petzinger et al., 2013; Dalla Bella et al., 2015). 

In theory, the predictable cues promote temporal expectations resulting in more normalized 

movements. When the somatosensory system provides information to the brain, these cues can 

potentially help regulate timing through the basal ganglia-supplementary motor cortex-premotor 

cortex circuit, which could assist in planning and ultimately executing a motor function (Ashoori 

et al., 2015).  

 Individuals without hearing impairments use cues from surrounding sounds for a variety 

of functional activities. Whether an auditory stimulus alerts a person of a car approaching, 

soothes a distressed infant or motivates one during recreational exercise, it is a tool that can be 

used to adjust motor actions. Aldridge et al (1990) study found that when individuals in a 

comatose state underwent music therapy for eight 12-minute sessions, physiological changes 

occurred. When a therapist sang a wordless harmony, changes in heart rate and respiratory rate 

corresponded with the tempo of the song. Another interesting observation of the study found that 

these participants did not have the same response to talking, indicating that the body’s systems 

possibly respond more to rhythm rather than simple sound. In individuals with an intact central 

nervous system, functional magnetic resonance imaging (fMRI) noted that areas of the brain were 

activated when introduced to auditory stimuli (Chen et al., 2008). When individuals listen to a 

musical rhythm in a static position, with or without anticipation of the upcoming required motor 

task, the supplementary motor cortex, mid-premotor cortex, and cerebellum have been shown to 

be stimulated on fMRI. This finding, in combination with previous work showing involvement of 

the basal ganglia and these structures in response to a motor task, suggests the impact that an 

auditory stimulus can have on the areas of the brain that control motor movements (Zatorre et al., 

2007).  
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 Music has the ability to change individuals’ perception about themselves and their 

environment. Music therapy has been used and studied in individuals with mental illnesses. 

Silverman (2006) quantitatively and qualitatively assessed various educational and rehabilitation 

classes of people with psychiatric conditions. Of all the classes, the music therapy group had a 

significantly higher measure of perceived helpfulness. In the elderly population, music therapy 

significantly reduced the level of depressive symptoms after 15 consecutive sessions (Godi & 

Preetha, 2016). Assessment of mood, using the Bipolar form of the Profile of Mood States, showed 

significant improvement in the mood states of composed-anxious, agreeable-hostile, elated-

depressed, and energetic-tired participants after two sessions of music therapy (Magee, 2002).  

Another important area in healthcare and patient care management is pain and comfort. 

Many people experience pain for a variety of reasons, and many resources are used to manage this 

symptom. In individuals with terminal conditions, one to four sessions of live active and passive 

music therapy demonstrated a significant decrease in self-reported pain, physical comfort and 

relaxation (Krout, 2001). While this study included healthcare services in addition to music therapy, 

depending on the needs of the person, the findings suggest the positive impact of music on 

subjective reports. A literature review by Richards et al. (2007) found mixed results on the effect of 

music therapy on patients’ perception of pain, anxiety and satisfaction. In the review, some studies 

showed improvements in all three areas, but just as many showed that there were no changes in any 

areas. While music therapy has the potential to be helpful in some populations, more research is 

required to gain a better understanding of the effect of music therapy on pain modulation and 

mood regulation. 

Auditory cues have been shown to be an effective strategy to improve the spatiotemporal 

parameters of gait in individuals with PD. These cues can be delivered in the form of rhythmic 
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auditory stimulation (RAS) or patterned sensory enhancement (PSE). RAS is an auditory cue in 

the form of a repetitive beat or sound, such as a metronome, and PSE is the use of harmony and 

melodies to impact movement and quality (Thaut et al., 2014). When used for individuals with 

PD, improvements have been found in velocity, cadence, step length, and single and double limb 

support along with muscle activation with RAS and PSE. The most commonly studied 

intervention is RAS with a tempo set at a slightly higher percentage of preferred walking speed. 

Individuals with PD have shown improvements in various gait functions immediately after 

feedback and with training, suggesting the powerful impact auditory cues can have on mobility 

(Thaut et al., 1992; Thaut et al., 1996; Howe et al., 2003; Fernández-del-Olmo & Cudeiro, 2003; 

Hausdorff et al., 2007; Bryant et al., 2009; Thaut et al., 2010; Spaulding et al., 2013).  

Despite the extensive research on mobility with RAS and music in the PD population, there 

has been little research that addresses the emotional aspect of music and the preferred method of 

stimulation. In a randomized controlled trial, Pacchetti el al. (2000) compared music therapy and 

physical therapy over a three-month intervention period in individuals with idiopathic PD. The 

music therapy group showed significant improvements in the motor subsection of the UPDRS and 

Happiness Measure after intervention, while the physical therapy group did not. Findings also 

report that music can improve perception of motor improvement after listening sessions in 

individuals with PD (Nombela et al., 2013). The theory that music has an emotional effect in 

addition to motor effect is noteworthy. The incorporation of music into therapy has also been 

shown to increase adherence to a program and improve quality of life measures (Pohl et al., 

2003). Currently, the previous studies are the only research found that assesses perception of how 

music or auditory cues impacts ambulation in an individual with PD.    
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Recently, a new musical tool, called The Synchronized Optimization Auditory 

Rehabilitation (SOAR) tool, incorporates an approach that simulates techniques used by a music 

therapist during intervention sessions with patients who have gait dysfunctions. Different from 

RAS, the SOAR tool uses playback methodology through Ovation16 that allows a therapist to 

move beyond metronome type strategies and create musical pieces individualized to the person’s 

needs in real time. This new process encourages the auditory system to facilitate movements that 

improve stepping strategies and thus impact the quality of the gait pattern. Potential improvement 

is possible because the SOAR tool allows customization to the specific issues of each person. The 

technique integrates music technologies using a new process in recording and play back that is 

specifically designed so that PSE can be manipulated by a therapist through a computerized 

software system (Barta et al., 2016). The software system could potentially allow a physical or 

occupational therapist to more specifically stimulate the auditory drivers, for the motor system, 

by customizing the sensory input using the SOAR tool to facilitate more predictable gait 

parameter improvements during treatment sessions. 

The SOAR tool uses a digitally recorded instrumental composition of a generic genre. 

The instrumental tracks include the trombone, piano, guitar, clarinet, upright bass, and 

saxophone. Each PSE track, in theory, corresponds with a specific portion of the gait cycle. The 

varying tempos are initiated through a single drum beat to establish the pace and serves the 

purpose of RAS. The remaining instrumental threads can be started and stopped through a touch 

screen allowing for immediate real-time adjustments during gait assessment and training. The 

instrumental threads were recorded separately resulting in the composition being heard as a 

melody, regardless of the number of tracks played. This technology facilitates the ability for a 

                                                           
16 Merging Technologies,82 Gilman St., Portland, ME 04102 
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melody to be customized to a person depending on the impairments presented, as well as the 

ability of the melody to be modified in real time based on a person’s reaction to the auditory cue 

(Barta et al., 2016). However, more research is still required to assesses perception of how music 

or auditory cues impacts ambulation in an individual with PD 

The purpose of this study was to assess a participant’s (with PD) perception of his or her 

experience using RAS and the SOAR tool during ambulation. The research question was, “Do 

participants report a higher level of satisfaction and motivation when using the SOAR tool as 

compared to RAS or no auditory cue during ambulation?” 

Methods 

Participants 

The participants consisted of 20 individuals with PD. Convenience sampling was used to 

recruit people from local physicians’ offices, local PD support groups, community exercise 

groups, and word of mouth. Information regarding the study was distributed through flyers and 

informational announcements. The inclusion criteria was a person diagnosed with PD with a 

Hoehn and Yahr classification of I to IV, with the ability to walk independently for at least 10 

minutes over a level tiled surface without an assistive device (Hoehn & Yahr, 1967). The 

exclusion criteria were individuals with a deep brain stimulator, an acute orthopedic injury or 

surgery within two months of data collection, a hearing impairment not corrected by a hearing 

aide, complete dependence on an assistive device for walking any distance, or those who had 

used the SOAR tool in a previous pilot study. All participants and caregivers signed an informed 

consent form approved by the Institutional Review Boards of Texas Woman's University and 

University of St. Augustine prior to starting data collection. 
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Equipment 

The SOAR tool provided the music that was played through a desktop computer using 

Ovation software. There were two speakers attached to the computer for sound projection with 

appropriate volume to hear the music wherever the participant was in the room. The same 

computer used a free metronome program to provide the other auditory cue.  

Research design 

This study utilized a qualitative research approach using coding and triangulation to 

assess the participants’ and caregivers’ perception of the SOAR tool and RAS. The investigator 

asked open-ended questions during a semi-structured face-to-face interview session with each 

participant (Patton, 2015). If the caregiver was present and willing to be interviewed, the 

investigator asked separate questions of him or her.  

Procedures 

The interview occurred within one to five days after each participant completed gait 

training using RAS and the SOAR tool by a music therapist. The two types of auditory cues were 

given in a random order, and the tempo was determined by the participant’s cadence during a 

measured walk across a computerized walkway system (Bilney et al., 2003; Egerton et al., 2014). 

The participants walked to RAS and the SOAR tool five to 10 minutes in order to become 

accustomed to the cue and develop a walking pattern in synchrony with the tempo. Modifications 

to the SOAR tool track combination were made until the most optimal gait pattern was 

determined through observational gait analysis by the music therapist. Music therapists are 

trained professionals in movement analysis pertaining to auditory cueing. The combination of 

instrumental tracks used for each participant was different based on the individual’s clinical 

presentation during gait (Thaut et al., 2014). 
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The focus of the questions was on self-perception of functional change during walking, 

enjoyment while using each intervention (SOAR tool and RAS), and feelings about which would 

more likely be used for independent exercise. The caregiver was asked about his or her perception 

of the participant’s level of enjoyment and likelihood of compliance at home, as well. The 

interview questions are listed in Appendix A.  

 All interviews were audio recorded and transcribed verbatim. The transcriptions were 

emailed or mailed, depending on participants’ preference, for member checking to confirm that 

the report accurately portrayed their perceptions and intended meaning (Patton, 2015).  

Data Analysis 

 Qualitative data was analyzed using a content analysis approach. Independent coding 

occurred first by KB and CDS of the transcripts of three participants, to facilitate consistency and 

trustworthiness of coding (Patton, 2015). The rest were completed by KB through line-by-line 

coding to identify codes of the remaining 17 interviews. Index cards were created with the coded 

words and phrases for sorting. Together, KB and CDS used the individual note cards to complete 

the sorting process and identify themes, subthemes and categories by visually laying all cards into 

columns on a large table. As like tendencies began to emerge, the possible subthemes and 

categories were written on a dry erase board and organized into two themes. KB and CDS 

determined that data saturation had occurred after reviewing the 20 transcripts of the participants 

(Fusch & Ness, 2015; Guest et al., 2006).  

Results 

 The demographics of the participants are illustrated in Table 5.1. There were three 

caregivers who participated in the interview process, two wives and one daughter. The 

participants were typically able to answer in a short period of time, averaging seven minutes. All 
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three caregivers provided more information than their loved one, providing more detailed 

descriptions of how the auditory cue impacted movement. Seventeen of the participants reported 

that they preferred the music over the metronome. The other three individuals stated that they 

preferred no auditory cue, and no one reported a preference to the metronome. All three 

caregivers reported they liked the music better and felt that it impacted walking the most of the 

three conditions.  

TABLE 5.1: PARTICIPANT DEMOGRAPHICS (N = 20) 

Characteristic Mean (SD)  

Gender (male,female) 10,10  

Age  72.95 (7.1)  

Years with PD     4.05 (3.12)  

Hoehn and Yahr stage (n)   

     I  5 

     II  4 

     III  8 

     IV  3 

Assistive device (n)   

     Straight cane  2 

     Rolling walker  1 

Cadence tested (n) 

      89 beats/minute 

    108 beats/minute 

  

16 

4 

 

The questions that were most difficult for some participants to answer involved reflecting 

on the change in walking pattern or quality of movement. The majority of participants were able 

to discuss how a particular auditory cue impacted how they walked but some either could not tell 

a difference or were not able to put in to words what they felt. If a participant provided a non-

descriptive answer, the investigator would ask for clarification without providing additional 

prompts. For example, if the response was “better” then the investigator would ask how it was 

better. The investigator was cautious to not influence thoughts or responses of the participants.  
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 The two themes that emerged through data analysis were auditory effects and utility. 

Within these themes were two sub-themes for auditory effects, motor impact on walking and 

nonmotor impact, and two sub-themes for utility, testing issues and home issues. These led to 

several categories and sub-categories. Figure 5.1 illustrates the results of the qualitative data.  

Figure 5.1: Data analysis results with auditory effects and utility as themes and  

related sub-themes, categories and sub-categories  

 
 

 

AUDITORY EFFECTS

Motor Impact on Walking

•Metronome Influence
•Stepping

•Music Influence
•Balance and stability

•Quality and fluidity

•Speed

•Step length

•Neutral Impact
•No difference with either cue

•Family Report
•Better walking pattern

•More automatic movements

Nonmotor Impact

•Cognitive 
•Body awareness

•Past memories

•Emotional
•Mood elevation

•Motivation

UTILITY

Testing Issues

•Clinician
•Minimal verbal instruction

•No feedback on performance

•Physical Space
•Cords to step over

•Frequent turns

•Too small

Home Use

•Ease of use

•Disruption of family activities

•Risk of boredom

•Safety
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The larger sub-theme of auditory effects was impact on the motor system. The influence 

of music was the category that was reported to have the greatest impact by the participants and 

the caregivers. While the metronome was reported to help with stepping strategies during 

walking, by increasing the length and speed, walking with the music was what people reported to 

change the quality of movement with one participant clearly stating, “Music improves quality of 

gait.” Another participant was able to describe this change by stating,  

“…I felt like after a minute or so it changed everything about my body. It [music] helped 

with rigidity. It helped with fluidity. It changed everything about the way I was moving.” 

One participant even stated, “Actually, it [music] kind of pulled me along,” suggesting that the 

music was able to give her a sensation of forward movement to facilitate her gait progression. 

The motor impact of music even moved beyond simple stepping strategies with some participants 

reporting perceived improvements in balance, stability and coordination during walking. Walking 

is a complex task that incorporates balance and the ability to reciprocally move the lower 

extremities. The ability of the participant to potentially increase step length and speed could be in 

combination with perceived improvements in these areas.  There were six participants who 

alluded to the perception of improved balance when using the SOAR tool. The caregivers also 

perceived a difference in the walking pattern and automaticity of the movements. One 

participant’s wife said,  

“I think his walking was smoother, if there is such a thing. He looked more natural with 

the music. With the metronome, and maybe it’s just my perception, was that it was too rigid.” 

The daughter, who stated during the walking sessions that she is constantly reminding her dad to 

move his arms, said,  
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“…that without the music he was barely moving his arm, his arm was basically straight. 

And after that [music] he did it automatically without me saying anything!” 

Despite the positives perceived by most participants, there were four people who did not 

notice a difference in walking between the two auditory cues. They reported to notice a difference 

from no auditory input to RAS or SOAR, but they did not perceive improvements of the music 

over the metronome or vice versa. Most were open to the idea that there might have been a 

change in their walking pattern; any change, if present, just was not noticeable to them.  

The nonmotor impact was an interesting result found during the analysis process. The 

questions were meant to target the participants’ perception of how their walking changed with 

each auditory cue based upon the motor aspect. The two categories that emerged from the sub-

theme of nonmotor impact were cognitive and emotional despite the interview not directly 

addressing these areas. In the cognitive category, participants discussed having a past knowledge 

of music, whether it be from marching band, military or dance. The music was stated to be easier 

to follow or made them remember a past life experience. Some participants stated that the music 

gave them more awareness of their body in general. One participant said that the music had a 

lasting effect that she felt for a while after testing. She stated, “After a bit on the music I actually 

felt myself kind of internally in my head almost singing to the rhythm.” Another reported, “The 

music makes me want to get into the rhythm more.” The other main category that emerged under 

the nonmotor impact was the emotional component. Ten individuals reported that the music was 

motivating and made them feel better. For example, two individuals stated the following which 

suggest that music could be a more positive experience for the user. 
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“Music makes it more interesting, more entertaining. And it sort of lifts your spirits to 

hear a melody line or harmony line.” 

“So the music actually made me feel, you are going to laugh, but the music made me feel 

happy. You know, it was like a light, airy melody that made me kind of want to skip along!” 

The other theme was utility and the ability of a person to incorporate, or want to 

incorporate, auditory cues into their walking programs. Some participants discussed the 

limitations of the lab space testing environment. The room, 20 feet in length, caused the 

participants to have to make frequent turns. The limited space could have decreased a person’s 

ability to fully focus on the auditory cue when walking because of the external distractions. As 

well, due to the nature and purpose of the study, there was no formal training or verbal instruction 

given on how to walk with the auditory cue. The investigators did not provide any instruction 

other than “walk with the beat/music” and some participants stated they did not know if they were 

doing it correctly. Similarly, the investigators did not give any feedback on how well or poorly a 

person was able to walk with either auditory cue. This lack of feedback was done purposefully so 

as not to sway the individual’s perception of either cue before the interview occurred. This 

deliberate withholding of information could have led to some participants not having a good 

understanding of how their walking changed with each cue.   

The final sub-theme was the auditory cues’ ability to be incorporated into home use. 

Despite most participants preferring the music, there was a reported risk of boredom if the 

musical piece was the same day after day. Boredom, along with the music being difficult or 

potentially unsafe to use, were limiting factors to the incorporation of music into a home exercise 

program. One participant made a very sound point when discussing the practicality of using an 
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auditory cue in the community. Her statement below sheds light on issues that would need to be 

addressed before issuing an auditory cue as a home program.  

“It concerns me a little bit about traffic if I’m outside. I kind of want to have my senses 

going, but you know, you can find better places to walk too. The trail, for example.” 

Discussion 

 This study aimed to assess if individuals with PD perceived walking with a customized 

musical piece to be a better experience than walking with a metronome or without any auditory 

cues. Although there is ample research to support the use of auditory cueing during ambulation in 

the PD population, there is little to no documented research indicating how these interventions are 

perceived or preferred. RAS has been shown to increase velocity, step length and cadence in 

individuals with PD (Behrman et al., 1998; Morris et al., 1994; Thaut et al., 1996; Howe et al., 

2003; Hausdorff et al., 2007; Picelli et al., 2010). Likewise, there is supporting research of using 

PSE, melodies and harmonies, to have similar impacts on walking in this population (Wittwer et 

al., 2013; Bukowska et al., 2016). While research has acknowledged that these interventions serve 

a valuable role in rehabilitation, there is inconclusive evidence as to if these methods are 

perceived as beneficial from the user’s end.  

 There were 17 participants in this study that reported to have a positive experience using 

an auditory cue during ambulation from a motor standpoint, with music being the preference of 

most. The music added not only perceived motor benefits to spatiotemporal gait parameters, but 

also benefits to balance, coordination and continuity of movement. The responses of the 

participants and their caregivers aligned with what is typically observed during walking with 

auditory cues in the presentation of longer step lengths, faster velocity, and improvements in 
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stability and overall quality of movement. The results of this study suggest that individuals with 

PD and their caregivers perceived a positive change in these parameters, as well.  

 Another aspect of the music that could make it superior to RAS is its ability to be more 

motivational. A participant stated in an interview that “the music motivates people to move”, 

indicating music’s potential to help with compliance for home exercise programs. Noncompliance 

in the field of rehabilitation is an issue that clinicians deal with often (Sluijs et al., 1993). 

Adherence to a home exercise program has been shown to be influenced by how helpful a client 

feels the program is as well as the program being able to fit into their everyday schedule (Sluijs et 

al., 1993; Campbell et al., 2001). Having a tool or intervention that improves motivation to move 

and be active could improve compliance. The statement of “it definitely makes me feel happier” 

supports the notion that a person may be willing to exercise because the music has a positive 

emotional impact. Cavanaugh et al. (2015) found that individuals with PD have difficulty 

maintaining the recommended daily steps for physical activity. Results of this study are 

promising because research has shown that individuals with PD can be successful in using 

auditory cues on a home based intervention program. Significant improvements in gait speed and 

stride length have been demonstrated in this population when RAS or another form of musical 

cue was used on a home basis during daily activities (Bryant et al., 2009; Ginis et al., 2016). In 

the Rehabilitation in Parkinson’s Disease: Strategies for Cueing trial, patients with PD received 

external cueing in the form of auditory, visual or vibratory cues in the home environment during 

functional tasks and showed significant improvements after training, and at a three month follow 

up, in velocity, step length, and fear of falling (Nieuwboer et al., 2007). Providing a motivational 

and enjoyable method for encouraging activity could lead to better outcomes in compliance and 

overall activity level.      
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 There were limitations to this study. The first is that the interviews occurred one to five 

days after the initial use with the music therapist. This delay could have resulted in some 

individuals not accurately remembering how they felt when using each auditory cue. The 

questions focused in how each cue was perceived to change the gait pattern and with the delay in 

questioning, some participants could have provided less detailed responses. Another limitation 

was the questions. The purpose of the study was to assess an individual’s (with PD) perception of 

his or her experience when walking with the metronome or a customized musical piece, and the 

questions focused on changes in walking pattern with each auditory cue. The weakness of the 

questions became apparent after a few interviews because participants were reporting an 

emotional improvement as well with the music over the metronome. Due to the lack of qualitative 

research experience of the interviewer, the questions were not modified midway through data 

collection, and the same format of questioning continued for all participants. More questions 

should have been developed to assess this domain further to potentially capture more detailed and 

productive emotional responses to the music.  

Conclusion 

 Auditory cues, administered through RAS and PSE, have demonstrated improvements in 

the spatiotemporal parameters of gait in individuals with PD. Most of the participants in this 

study indicated a preference to auditory cues given in a musical form over RAS. The perception 

of the majority of the participants was that music contributed to improved spatiotemporal 

parameters, along with balance, coordination, motivation, and overall happiness. The findings 

from this research suggest that this music tool could offer improvements to intervention outside 

of physical performance. With music being more motivating and perceived to be better than RAS 

by individuals with PD, improved outcomes in ambulation and compliance in home exercise 
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programs could be obtained. Music could be the catalyst to stimulate motivation as well as 

motion. The simplicity of the SOAR tool will allow ease of use by physical and occupational 

therapists in environments in which music therapists are unavailable. 
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Appendix A 

 

Interview Questions 

 

 

 

 

Participant Questions 1) Tell me how you felt when using the metronome during walking?  

2) Tell me how you felt when using the music during walking? 

3) Tell me how you walked differently when using the metronome as 

compared to the music? 

4) Which method would you be more likely to use when exercising at 

your own home? 

5) Can you think of any reasons why the metronome/music would be 

hard to use when exercising at home? 

Caregiver questions 1) Tell me how (name of participant) walked differently when using 

the metronome as compared to the music? 

2) Which method (either metronome or music) do you think would be 

more motivating for (name of participant)? 

3) Can you think of any reasons why the metronome/music would be 

hard to use when exercising at home for (name of participant)? 
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CHAPTER VI 

THE CLINICAL RELEVANCE OF AUDITORY CUES FOR INDIVIDUALS  

WITH PARKINSON’S DISEASE DURING AMBULATION 

 Parkinson’s disease (PD) is the second leading neurodegenerative disease in the United 

States. The disease process results from a disruption within the basal ganglia that leads to a 

reduction in the amount of dopamine produced in the system.1 As dopamine is reduced, motor 

movements become more challenging to initiate and perform appropriately.2 The diagnosis of PD 

is most often made through the observation of motor impairments that are referred to as the 

cardinal signs. The four cardinal signs are bradykinesia, tremor, rigidity, and postural 

instability.1,3 

 As PD is a progressive neurological condition, strategies to reduce the rate of decline and 

maintain functional independence for as long as possible have been developed. Both medication, 

such as Sinemet, and rehabilitation are two approaches in addressing the functional decline in the 

PD population.1,3 Redecker et al4 indicated that therapists working in collaboration with 

neurologists to develop a balance between drug and rehabilitation offers the most optimal success 

for maintaining function and safety.  

Auditory cuing during rehabilitation has been shown to be successful in improving gait in 

persons with PD.5-8 The use of an external auditory cue is suggested to be effective due to the 

ability of the auditory system to accurately receive information and use it to bypass the 

dysfunction of the basal ganglia.9-12 The two types of external auditory cues that have been mostly 

reported in the literature are the use of Rhythmic Auditory Stimulation (RAS) and Patterned 
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Sensory Enhancement (PSE). RAS is the use of a consistent beat and typically delivered by a 

metronome. RAS has been studied during ambulation in individuals with PD for decades and is 

typically administered by a music therapist (MT) because they are trained in the use of auditory 

cues for motor movement. The most favorable outcomes on spatiotemporal parameters have 

resulted when the RAS tempo is set faster than a person’s preferred cadence.11,13-15 RAS is the 

auditory technique most used by physical therapists (PT) due to its simplicity.  

The second type of auditory cuing, PSE, is an expansion of RAS.  PSE incorporates 

melodies and harmonies on top of the consistent beat. The theory behind PSE’s advantage is that 

the dynamic acoustical properties of a harmony could potentially influence force production and 

quality of movement in addition to the spatiotemporal parameters.16 The use of PSE has been 

shown to have superior improvements on gait parameters as compared to RAS or to no auditory 

cue in older, healthy adults and in individuals with PD.17,18 Currently, due to the complexity of 

PSE, this method is typically administered by a MT during a live music session so that the cue 

can be modified to an individual’s specific needs. The reliance on MTs leads to a limitation of 

PSE usage in the clinic, as their availability is limited. There simply are not enough MTs in the 

rehabilitation field to address the need of all those who could potentially benefit from a musical 

auditory cue.19  

The Synchronized Optimization Auditory Rehabilitation (SOAR) tool is a new process of 

utilizing PSE that addresses the shortage of MTs and potentially brings the techniques of PSE to 

more individuals who would benefit. The SOAR strategy was developed by MTs to potentially 

advance the use of auditory cues from the basic technique of RAS to the incorporation of 

harmonies, melodies, and dynamic pitch changes to theoretically further the impact of sound on 

movement. With training, the SOAR strategy could potentially be adapted by other therapists. 
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The goal of the SOAR strategy is not to replace MTs, as the deliverance of sound live is the most 

impactful, but to increase the availability of complex auditory techniques to a larger population of 

patients.  

Individuals with PD were the ideal population to complete initial testing for the SOAR 

tool due to the positive impact auditory cues have been shown to have on ambulation in this 

group. An exploratory pilot study, based on a previous study by Thaut and colleagues,13 was 

completed in 2016 with five individuals with PD.  The pilot study assessed changes in ambulation 

speed, balance and perceived confidence in balance after a three-week walking program using the 

SOAR tool. The results were favorable, showing improvements in velocity and balance.20  

The purpose of the three studies addressed in this project was to focus on the impact 

auditory cues would have on gait in persons with PD.  Specifically, we focused on the validity 

and reliability of the SOAR tool itself, the immediate impact of auditory cues on muscle 

activation during walking, and the perception by the individual of the benefits of auditory cues on 

their ambulation.  A total of 20 participants were recruited, and all of them participated in all 

three studies. 

The methodological study was the first study, and it assessed the psychometric properties 

of the SOAR tool on spatiotemporal parameters of gait. The SOAR tool was compared to RAS to 

determine if this new program was as effective as RAS, which is currently the most used auditory 

cue by PTs. The results of the study indicated that the SOAR tool was significantly correlated 

with RAS for the variables of velocity, cadence, step length, step width, percentage time in stance 

phase, percentage time in swing phase, and percentage time in single leg stance. R-values ranged 

from 0.86 to 0.98. These findings indicate that the change in the spatiotemporal parameters of gait 

were similar for both auditory cues, suggesting that the SOAR tool is as effective in impacting 
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gait as the previously tested RAS. The interrater reliability was determined between the MTs and 

PTs for the same dependent spatiotemporal variables. The two PTs participating in the study 

completed two training sessions with the MTs in the use and theories of the SOAR tool. The 

interrater reliability of the PT was assessed between one and five days after the initial testing by 

the MT. There was a high level of agreement (ICC values ranged from 0.70 to 0.99) between the 

MT and PT for all the dependent variables. These findings suggest that, through training, a 

therapist with minimal to no musical experience can use PSE through the SOAR tool to impact 

ambulation as effectively as a MT when treating individuals with PD. Since the software allows 

for the addition and removal of the individual instrumental tracks in real-time, the therapist is able 

to modify the musical song based on the patient’s motor response to the auditory cue. Musical 

ability of the therapist is not a requirement for success in personalizing the music piece. 

The second study, an exploratory study, was completed to determine the immediate 

effects of the auditory cues on the muscle activation or contraction duration of the tibialis anterior 

and gastrocnemius during ambulation. Previous work by Fernandez del Olmo and Cudeiro21 

reported immediate changes in the tibialis anterior and gastrocnemius with the use of RAS. They 

reported significant improvements in activation and duration with the use of RAS as compared to 

no auditory cue during ambulation in individuals with PD. The current study modeled their 

protocol and compared three conditions of no auditory cue, RAS, and the SOAR tool. The results 

did not align with the previous work. There was not a significant effect of RAS or the SOAR tool 

on muscular activation or duration in either muscle group as compared to no auditory cue in the 

participants with PD.  

The third and final study assessed the participants’ perception of improvement when 

using auditory cues, administered through the SOAR tool, during ambulation. Despite the 
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extensive research completed in the use of RAS on spatiotemporal parameters of gait in the PD 

population, little research has been completed to determine if this population perceives musical 

intervention as having an impact on their walking. Through personal interviews, the study 

attempted to answer the question of how individuals with PD perceived auditory cueing during 

ambulation. The results of the study highlighted the themes of auditory effects and utility. Most 

of the participants expressed their preference for the SOAR tool as opposed to no auditory cue or 

RAS. Many indicated that they perceived greater improvements when walking with music versus 

the metronome of RAS. Additionally, several participants discussed observations that were 

classified as non-motor impacts. One non-motor impact reported by these participants was an 

improvement in their mood and cognitive awareness of their environment.  

The findings of these three studies have the potential to positively impact the treatment 

options available to a PT in working with persons with PD. The addition of the SOAR tool to the 

rehabilitation resources for a PT, allows more individuals to have access to PSE. With the SOAR 

tool being shown to have a significant correlation with RAS, therapists can feel confident in its 

ability to impact gait in individuals with PD. PTs can also feel confident that, through their 

expertise in observational gait and movement analysis, they, too, will be able to effectively use 

PSE because of the simplicity of the software system of the SOAR tool.  

The results of the third study findings suggest that a musical composition may be more 

enjoyable for the user and be the preferred method for using auditory cueing by individuals with 

PD. Many of the participants stated that they felt the SOAR tool’s instrumental arrangement 

added additional cueing beyond the basic repetitive beat which promoted improvements in the 

quality of their walking in addition to increased speed and step length. The results of the 

interviews also showed that nearly all preferred the SOAR tool’s auditory cues over RAS and 
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would choose music for a home walking program. The non-motor subtheme showed the SOAR 

tool to be more motivating. The knowledge that individuals with PD perceive improvements in 

their walking along with improved motivation and preference indicates the need for PTs to 

consider the application of PSE into intervention sessions and home programs when safe. The 

SOAR tool, an adaptation of PSE, has the potential to improve outcomes, patient satisfaction and 

compliance in the PD population.  

There were limitations to the project. At the time of data collection, the SOAR tool was 

limited to preset tempos that did not allow for individualized adjustments or increases past 108 

beats per minute. This restriction resulted in a musical tempo that was not necessarily the most 

ideal or fast enough for the participant. These preset tempos could have led to some participants 

not receiving the most optimized PSE cue or to not perceiving much of an effect from the 

auditory cue. The focus of this project was not to determine the system’s specific parameters to 

be effective, but to determine if the SOAR tool was valid and reliable in its use in individuals 

with PD. Another limitation of the project was that long-term effects of the auditory cues were 

not assessed. All effects assessed were immediate from a one-time use with the MT. The lack of 

intervention could explain the fact that there were no significant changes in muscular activity of 

the tibialis anterior and gastrocnemius. In addition, there was no training for the participant 

concerning how to walk with the auditory cue. In order not to influence the results of the 

interview or validity assessment, the testers only instructed the participants to walk with the beat. 

The restriction in verbal instruction may have impacted the findings of the interviews and the 

participants’ understanding of how to use the auditory cue.  

Future studies are needed to determine the impact of the SOAR tool on ambulation in 

individuals with PD who use the musical pieces over a prescribed period of time. Standardized 
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intervention studies should focus on the use of the SOAR strategy with gait training in a clinical 

setting for multiple days per week over several weeks. Studies assessing the effects of training 

and long-term carry over effects are imperative to determine if the SOAR tool is an effective 

strategy to use for gait improvement in individuals with PD. In addition to determining the long-

term effects of the SOAR tool on gait, studies should also determine if the PSE strategies used in 

the SOAR tool are more effective than traditional RAS. While the findings suggest that auditory 

cues given in the form of a musical composition are preferable to individuals with PD, 

determining which technique has more impact on spatial and temporal gait parameters is 

important.  

There is a version of this PSE strategy on the Biodex Gait Trainer 3 available on the 

market. The Biodex Gait Trainer 3 allows the therapist to tempo adjust the PSE component of the 

harmony during a person’s walking session. Auditory and visual cues are provided to potentially 

impact an individual’s walking pattern. The musical software is on the treadmill system and uses 

the same touch screen technology to adjust the speed. Additional studies are needed on this 

equipment to determine the effectiveness of the tool in therapy sessions.  

Another area of research that needs to be addressed is the impact that the SOAR tool can 

have on balance strategies. Addressing a person’s ability and effectiveness of walking is 

important, but to truly improve one’s walking pattern, balance deficits must also be addressed. 

Interventions studies using auditory cues of the SOAR tool should also assess changes in balance 

and potentially safety. Improvements in balance will contribute to an increase in safety and 

quality of life for the patients. 

Individuals with PD were used for these initial projects due to their favorable response to 

auditory cues. In addition to expanding the research of the SOAR tool individuals with PD, future 
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research needs to include populations with other neurological disorders as well as individuals in 

different age groups. The SOAR tool is now able to offer tempos at speeds not currently available 

elsewhere. As discussed in the limitations, the tempos settings were preset at five different 

tempos and only adjustable to one of those available. Since the completion of data collection, the 

sound engineering team has advanced the software to allow for incremental tempo adjustments of 

one beat per minute from one to 140 beats per minute. The ability of the software to adjust the 

tempo to an exact rate improves the ability of the user to better customize the PSE to the needs of 

a patient. Another engineering advancement of the software is the inclusion of tempos of 40 beats 

per minute and less which still produce sounds that the listener interprets as a song. The drastic 

reduction in tempo allows PSE to be delivered and used in therapy for populations of people that 

walk at an extremely slow cadence or children who are just beginning to learn to walk. The 

creation of the SOAR tool potentially enables a wider functional level of individuals to benefit 

from auditory cueing. Future work needs to expand the current application of RAS and PSE to a 

population of people with slower cadences and lower functional levels.  

The SOAR tool is a new strategy for the application of auditory cues that aims to address 

the shortage of MTs and the restricted availability of cueing at tempos of less than 40 beats per 

minute. The initial findings of the use of the SOAR tool by PTs in improving movement for 

patients with PD, as well as their perception of improvement, have been favorable, and the results 

must be used to encourage increased implementation and availability of auditory cueing for 

people who would benefit from this technique. With additional modifications to the software and 

new technologies for delivery, the future of the SOAR tool is positive. While no one treatment 

protocol is recommended for all individuals, musical interventions can be one of the keys for 

opening the doors of motivation and functional improvement.
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