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ABSTRACT 

 

Dance is associated with a range of motor and non-motor benefits in people 

with Parkinson’s disease (PD) and recent evidence suggests that regular dance participation 

may delay progression of these symptoms. However, little is known about the 

neurobiological mechanisms of dance interventions in PD. 

This thesis aimed to explore potential neuroplastic changes in a 69-year-old male with 

mild PD participating in regular dance classes over 29 weeks. Functional MRI was performed 

at four timepoints (pre-training, 11 weeks, 18 weeks, 29 weeks), in which the participant 

imagined a dance choreography while listening to music. 

Neural activity was compared between dance-imagery and fixation blocks. 

 

Region of interest analysis revealed significant BOLD signal activation in the 

supplementary motor area, right and left superior temporal gyri and the right insula, with 

modulation observed over the training period. These results suggest the potential for dance to 

induce neuroplastic changes in people with PD. 
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NEURAL EFFECTS OF MULTISENSORY DANCE TRAINING IN 

PARKINSON’S DISEASE: A LONGITUDINAL NEUROIMAGING CASE STUDY 

INTRODUCTION 

Parkinson’s disease (PD) is caused by degeneration of dopamine producing neurons 

in the substantia nigra pars compacta (Simon et al., 2020). Characteristic features of PD 

include motor symptoms such as bradykinesia, tremor, rigidity, and postural instability. 

People living with PD also experience a range of non-motor symptoms including depression, 

anxiety, and apathy (Poewe, 2008). Currently PD is incurable, but treatments are available to 

alleviate symptoms and improve quality of life. However, while medical and surgical 

treatments can be effective, they are associated with risks and side effects. For example, 

levodopa, the most common medication for PD, improves motor impairments but can lead to 

structural alterations in the brain causing complications such as dyskinesia (Ogawa et al., 

2021). Additionally, deep brain stimulation (DBS) can be effective for some individuals, but 

costs of surgery are substantial and intensive post-surgery care is needed (Erdem et al., 2022; 

Lozano et al., 2019). The importance of non- invasive and non-pharmacologic approaches 

such as physiotherapy, exercise, and dance are increasingly recognized, particularly as the 

burden to healthcare systems continues to grow at an unsustainable rate with the increasing 

prevalence of PD (Dorsey et al., 2018). 

Dance is a complex form of human movement which activates an intricate network of 

regions in the brain (Dhami et al., 2015). Engaging these areas of the brain through dance 

training facilitates structural and functional changes which leads to more efficient functioning 

in expert dancers (Bar & DeSouza, 2016; Burzynska, Finc, et al., 2017). In people with PD, 

numerous studies have associated dance with improvements in motor functioning as well as 

non-motor symptoms (for reviews see: Bek et al., 2020; Kshtriya et al., 2015). Although few 

studies have examined the effects of long-term dance training in PD, a recent 3-year 
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longitudinal study found evidence that regular dance participation may delay progression of 

motor symptoms in people with mild PD (Bearss & DeSouza, 2021). 

 

Motor Networks and Aging 

In healthy adults, motor control is managed by a complex network of cortical and 

subcortical regions, often referred to as "motor loops." These loops enable the precise 

planning, execution, and regulation of voluntary movements. The motor cortex, basal 

ganglia, supplementary motor area (SMA), premotor cortex, and cerebellum are particularly 

significant components within these motor networks (Leisman et al., 2016; Middleton & 

Strick, 2000). The basal ganglia, for example, play a pivotal role in modulating motor 

commands by controlling the flow of excitatory input from the cortex through both direct and 

indirect pathways, thereby refining movement selection and inhibition (Alexander & 

Crutcher, 1990; Obeso et al., 2000). Through these pathways, the basal ganglia assist in 

selecting and reinforcing the intended motor actions while inhibiting competing, unnecessary 

ones. The SMA, an essential cortical region within the motor loop, contributes to movement 

sequencing and timing, coordinating complex movements like dance that require precise, 

rhythmic synchronization (Nachev et al., 2008). 

Research indicates that aging affects both the structure and function of these motor 

loops, leading to declines in motor control, coordination, and cognitive functions. Studies 

have documented age-related reductions in volume within subcortical structures, particularly 

the basal ganglia, which affects dopamine synthesis and disrupts movement control (Raz et 

al., 1998). Structural changes in motor regions such as the primary motor cortex and SMA, 

such as decreases in gray matter density and cortical thinning, contribute to age-related 

declines in motor responses and coordination (Fjell & Walhovd, 2010;Reuter-Lorenz & Park, 

2014). 

Functionally, older adults often display altered patterns of motor cortical activation, 
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with an increased reliance on bilateral cortical activation during motor tasks. This 

phenomenon, often called “dedifferentiation,” involves the recruitment of both hemispheres 

for tasks that younger adults perform unilaterally, potentially as a compensatory strategy to 

maintain performance (Cabeza, 2002; Mattay et al., 2002). Although this bilateral recruitment 

can sometimes help maintain motor performance, it is generally considered less efficient and 

may contribute to declines in motor accuracy and stability over time (Heuninckx et al., 2010). 

The brain’s ability to reorganize itself and form new neural connections is a process 

that is crucial in cognitive health especially in the aging brain. Research indicates that this 

ability declines with age. However, certain interventions may help mitigate this process. 

Studies have highlighted the role of enriched environments and physical activities in 

enhancing neuroplasticity. For instance, aerobic exercises have been associated with 

increased hippocampal volume and improved memory performance in elderly individuals 

(Erickson et al., 2011). Similarly, cognitive training exercises can lead to structural and 

functional brain changes, fostering cognitive resilience (Lövdén et al., 2012). 

Among various interventions, dance has emerged as a particularly effective activity 

for promoting neural flexibility. Dance integrates physical, cognitive, and social components, 

providing a comprehensive approach to enhancing brain health. It involves complex 

movements that require coordination, rhythm, and memory, stimulating various brain regions 

simultaneously . Additionally, the social interaction and emotional engagement involved in 

dance can further enhance its neuroplastic effects, making it a unique and multifaceted 

intervention (Rehfeld et al., 2017). Moreover, studies have also demonstrated that older 

adults who participate in dance classes exhibit improved balance, gait, and overall motor 

function (Coubard et al., 2011). Neuroimaging studies have also revealed increased 

connectivity in brain areas associated with motor and cognitive functions among elderly 

dancers (Burzynska, Jiao, et al., 2017). These findings underscore the potential of dance as an 
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intervention to maintain and even enhance cognitive health in aging populations. 

 

Parkinson’s Disease: Implications on Movement, Cognition, and Neuroplasticity 

Parkinson’s disease (PD) is characterized by a range of motor deficits, including 

bradykinesia (slowness of movement), rigidity, tremor, and postural instability, which result 

from disruptions in the basal ganglia circuitry, particularly the loss of dopamine- producing 

neurons. The basal ganglia, along with other cortical and subcortical motor regions, plays a 

critical role in the regulation of movement, including motor initiation, control, and 

coordination. 

In PD, the pathological process of dopaminergic degeneration leads to both hypo- and 

hyper-activation of various motor regions, further complicating the motor dysfunctions 

observed in the disease (Jahanshahi et al., 1995). The basal ganglia-thalamo- cortical loops 

are disrupted, leading to maladaptive changes in the activation patterns of motor regions, 

particularly in areas such as the primary motor cortex (M1), the pre-motor cortex (PMC), and 

the supplementary motor area (SMA), among others (DeLong & Wichmann, 2007). 

Parkinson’s disease (PD) is driven by progressive degeneration of dopaminergic 

neurons in the substantia nigra pars compacta, a key component of the basal ganglia. This 

degeneration disrupts the basal ganglia-thalamo-cortical (BGTC) loops, which are integral for 

motor control, motor planning, and movement execution. These loops consist of several 

interconnected regions, including the basal ganglia (substantia nigra, striatum, globus 

pallidus, and subthalamic nucleus), the thalamus, and motor-related cortical areas, such as the 

primary motor cortex (M1), supplementary motor area (SMA), and premotor cortex (PMC) 

(DeLong & Wichmann, 2007). 

In PD, the disruption of dopaminergic signaling leads to a shift in the balance between 

the direct and indirect pathways of the basal ganglia. The direct pathway, which facilitates 

movement, is underactive due to the depletion of dopamine, while the indirect pathway, 
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which inhibits movement, becomes hyperactive. This imbalance contributes to bradykinesia 

and other motor impairments, and this dysfunction is reflected in altered patterns of brain 

activation during motor tasks. 

The BGTC loops function through two primary pathways: the direct pathway, which 

facilitates voluntary movement, and the indirect pathway, which inhibits competing or 

involuntary movements. In a healthy brain, the direct pathway is activated by dopaminergic 

input from the substantia nigra, resulting in excitatory output to the motor cortex. Conversely, 

the indirect pathway suppresses motor signals, preventing unwanted movements through 

inhibitory connections. The balance between these pathways ensures smooth and controlled 

motor execution (Albin et al., 1989; DeLong, 1990). 

The degeneration of dopaminergic neurons diminishes activity in the direct pathway, 

reducing excitatory input to the motor cortex. Simultaneously, the indirect pathway becomes 

overactive due to the loss of dopaminergic modulation, leading to excessive inhibition of 

motor output. This imbalance results in hallmark motor symptoms such as bradykinesia 

(slowness of movement), rigidity, and tremor (DeLong & Wichmann, 2007). Studies suggest 

that bradykinesia is linked to reduced cortical excitability due to weakened direct pathway 

signals, while rigidity may stem from overactive indirect pathway circuits (Lewis & Barker, 

2009). 

Research using functional neuroimaging has shown that in PD, motor regions like the 

primary motor cortex (M1) and the premotor cortex (PMC) can exhibit both hypo- and hyper-

activation depending on the type of movement task. For example, studies have demonstrated 

that during simple or automatic motor tasks, PD patients often show hypo-activation in M1 

and other cortical motor regions, reflecting difficulties in movement initiation and reduced 

motor output (Jahanshahi et al., 1995). Conversely, in more complex or internally driven 

tasks, there is often compensatory hyper-activation of regions like the SMA, pre-SMA, and 
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PMC, which are recruited to compensate for the impaired basal ganglia function (Nambu, 

2008). This compensatory hyper-activation is thought to be an attempt by the brain to 

overcome the motor deficits caused by dopaminergic loss, but it is often inefficient and can 

lead to motor dysfunctions like rigidity and difficulty with movement fluidity (Monchi et al., 

2004). 

Moreover, PD patients often exhibit abnormal connectivity between motor regions, 

particularly between M1 and other brain areas involved in motor control. These altered 

connectivity patterns can contribute to the motor deficits observed in PD, including 

difficulties in motor planning, coordination, and execution (Wu & Hallett, 2005). For 

instance, hypo-connectivity between the basal ganglia and motor cortical areas can impair the 

flow of motor commands, while hyper-connectivity between regions like the SMA and pre-

SMA may disrupt the efficient execution of motor sequences. 

 

Multisensory Dance Training in PD 

While neuroplasticity naturally declines with age, interventions such as physical 

exercise, cognitive training, and especially dance can significantly mitigate this decline. 

Understanding the underlying mechanisms and effects of these activities on the aging brain is 

essential for developing effective strategies to support cognitive health in older adults. 

Neuroimaging studies provide insight into the neural mechanisms by which dance 

may benefit multisensory integration in PD. Functional MRI (fMRI) and positron emission 

tomography (PET) scans have revealed increased activation in brain areas involved in 

sensorimotor integration, such as the basal ganglia, cerebellum, and parietal cortex, following 

dance interventions. These findings suggest that dance training can promote neural plasticity 

and strengthen the connections between sensory and motor regions, thereby improving motor 

control and reducing symptoms in PD patients (Teixeira- Machado et al., 2019). 
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The rhythmic and repetitive nature of dance movements can help reinforce motor 

patterns and improve timing and coordination. Rhythmic auditory stimulation (RAS), a 

technique often used in dance therapy, has been shown to enhance gait parameters and reduce 

freezing episodes in PD patients by providing a steady auditory cue that facilitates movement 

initiation and execution (M. Thaut, 2007). This multisensory approach highlights the 

importance of integrating auditory and motor training to optimize functional outcomes in PD. 

The brain can combine information from different sensory modalities, and this process of 

multisensory integration is a key process for motor and cognitive functions.  

In Parkinson’s disease however, this process is often impaired which leads to various 

difficulties in movement, coordination and balance. Motor planning and execution are 

essential for simple and complex movements and multisensory integration is an essential 

process of movement planning and execution. Healthy individuals can seamlessly combine 

visual, auditory, and proprioceptive inputs to create a coherent representation of the body’s 

position and movements. However, in individuals with PD, this ability to integrate sensory 

inputs might be compromised. This compromised integration results in motor deficits as well 

as other complications. Additionally, PD patients often struggle with tasks that require 

integration of visual and proprioceptive information and impairs their ability to navigate their 

environment safely (Hackney & Earhart, 2009).  

Dance-based interventions have shown promise in enhancing multisensory integration 

in PD patients. Dance requires the synchronization of movements with music, which involves 

the integration of auditory and proprioceptive feedback. Additionally, dance often includes 

social interaction and visual cues from instructors or partners, further engaging multiple 

sensory modalities. Research has indicated that dance can improve gait, balance, and overall 

mobility in PD patients, suggesting enhanced multisensory processing as a potential 

underlying mechanism (Bearss & DeSouza, 2021; Houston & McGill, 2013). 
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Dance training has been found to promote neural plasticity in professional dancers 

(Bar and DeSouza, 2016; Burzynska et al., 2017). For example, Bar and DeSouza (2016) 

found that learning a new dance choreography over 8 months was associated with a 

significant decrease in activation in the supplementary motor area (SMA) and the left and 

right auditory cortices. In older adults, behavioral changes resulting from dance training have 

been associated with structural and functional changes in the brain such as increased 

functional connectivity, increased white matter integrity, and increased volume in cognitive 

and motor regions (Balazova et al., 2021; Meulenberg et al., 2023; Rehfeld et al., 2018; 

Teixeira-Machado et al., 2019). 

A recent study investigating the neuroplastic effects of dance for people with PD 

found changes in activation in areas of the motor cortex and cerebellum after 12 weeks of a 

Tango intervention (Kashyap et al., 2021). A previous single case study of an individual with 

PD also found an increase in functional connectivity between the basal ganglia and premotor 

cortex after 5 days of dance training (Batson et al., 2014). However, the neural mechanisms 

underlying motor improvement through long-term dance participation remain largely under-

investigated in people living with PD (Meulenberg et al., 2023). 

This dissertation reports a longitudinal investigation of an individual with PD 

participating in regular dance classes over a period of 29 weeks, as part of a larger study to 

identify potential indicators of neuroplastic changes associated with dance training (Bearss 

and DeSouza, 2021). Functional magnetic resonance imaging (fMRI) was performed at four 

timepoints across the training period, to examine modulation of cortical activity when the 

individual imagined dance while listening to the music associated with the learned 

choreography. 
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METHODS 

Participant Characteristics 

The participant was a 69-year-old male with mild idiopathic PD with disease duration 

of 4 years and a Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) (Goetz et al., 

2007) motor score of 12, who was taking dopaminergic medication at the time of the study. 

The participant was left-handed according to the Edinburgh Handedness Inventory (Oldfield, 

1971). A UPDRS motor score of 12 indicates mild motor impairment, meaning the individual 

experiences subtle Parkinsonian symptoms such as slight tremors, mild bradykinesia, or 

minimal rigidity. In comparison, a healthy individual would have a score of 0, as they exhibit 

no motor symptoms. Since the total motor score ranges from 0 to 132, a score of 12 is 

relatively low and suggests that while some motor difficulties are present, they are not 

severely impacting daily function. This places the individual well below the threshold for 

moderate or severe Parkinson’s disease, where mobility and independence become more 

significantly affected. 

In addition to participation in weekly dance classes, the participant also reported 

regularly walking 6 miles per week. The participant had no previous dance experience. The 

study was approved by the Office of Research Ethics committee at York University 

(REB#2013–211). All procedures were conducted in accordance with the requirements of the 

ethical approval and the Declaration of Helsinki. The participant provided written informed 

consent prior to the data collection. 

 

Dance Training 

The participant attended weekly specialist dance classes (75 minutes in duration) 

taught by a certified Dance for PD® instructor at Canada’s National Ballet School (NBS) in 

Toronto, Ontario. Classes were attended by an average of 20 people with PD, with 15- 20 

trained volunteers assisting as needed. 
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The dance classes included elements of jazz steps, ballet, Argentinian tango, dance 

theatre, freestyle and choreographed movements, accompanied by live music from a pianist. 

Each class included a warm-up, followed by seated, then standing and walking through space 

learning the choreography (see Table 1, for further details). 

Sections of the choreography were based on a narrative, which the instructor would 

first describe before demonstrating the movements. A video illustrating the choreography is 

available at: https://bit.ly/42cMlth. In addition to the weekly dance classes, the participant 

reported practicing the dance at home for 4.5 hours per week as well as 0.5-1 hour per week 

imagining the dance with and without physical practice. 

  



   
 

11 

Table 1 

Dance for PD® class routine 

 

Note. The table outlines the dance session structure, starting with introductions and 

interactive games, followed by a warm-up to enhance flexibility. Exercises focus on 

functional movements, balance, and coordination. Dance training incorporates rhythmic 

patterns, expressive sequences, and partner-based choreography to build confidence and 

motor control. 

  

Part Description 

Opening Participants introduced themselves by stating names accompanied by a 

dance movement. Additionally, the participants played simple games 

such as naming games. 

Warm-up Stretching arms and legs as well as knees and ankles to facilitate 

flexibility and mobility while also strengthening the core. 

Exercise While seated, participants slowly rise to practice safely rising in a 

seated position. Next part was to do the paired mirror dance, where the 

participants improvise movements and copy each other. After this 

exercise, they will practice their balance by lunging side to side while 

holding onto the back of a chair. 

Dance Training Participants dance to the triplet rhythm of waltz. The participants also 

built confidence by performing a seated shuffle dance of gradually 

increasing expression of dance movements. Finally, the participants 

perform the “Showdown Hoedown” dance done facing a partner, 

comprising of a 2 min choreography with multiple steps and 

movements sequences. 
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Scanning procedure 

The participant underwent a series of 4 fMRI scanning sessions over a period of 

29 weeks. Prior to each scanning session, safety screening was completed and training for the 

dance-imagery task was provided. 

A 3T Siemens Tim Trio MRI scanner was used to acquire functional and anatomical 

images using a 32-channel head coil. T2*-weighted echo planar imaging was performed 

using parallel imaging (GRAPPA) with an acceleration factor of 2X with the following 

parameters: 32-slices, 56 × 70 matrix, 210 mm × 168 mm FOV, 3 × 3 × 4 mm slice thick, TE = 

30 ms, flip angle of 90°, volume acquisition time of 2,000 ms. Each scan consisted of 240 

volumes. Echo-planar images were co-registered with the high-resolution (1 mm3) anatomical 

scan of the participant’s brain taken at the end of each session (spin echo, TR = 1,900 ms, TE 

= 2.52 ms, flip angle = 9°, 256 × 256 matrix). The participant’s head was secured in place with 

cushions to minimize movements. 

While in the scanner, the participant was instructed to imagine the choreography 

practiced during training in the dance studio, from a first-person perspective (including both 

visual and kinesthetic modalities), while the first minute of the music associated with the 2-

min choreography was played through headphones. A block-design was employed where 60 s 

of the dance-imagery task (ON state) alternated with fixation blocks of 30 s (OFF state). 

These blocks were alternated and repeated five times for both blocks with a total scan time of 

8 min (the first 15 volumes are not included in the analysis). The four timepoints were: pre-

training (T1), where the participant had only attended one class with the music and 

choreography to be learned; after 11 weeks of training (T2); after 18 weeks of training (T3) 

and after 29 weeks of training (T4). 
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Figure 1. Scanning paradigm: five blocks of 60 s (=30 TRs) of the dance-imagery task 

were alternated with 30 s (=15 TRs) fixation blocks. The white waveform has the 

hemodynamic function convolved with the boxcar stimulus.
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Data Processing and Analysis 

Processing and analysis of the fMRI data was conducted using BrainVoyager QX 

(version 22.4.2, Brain Innovation, Maastricht, The Netherlands). Functional data were 

superimposed on an anatomical scan and transformed into Talairach space. Pre- processing steps 

(slice time correction, motion correction, and temporal high pass filtering) were applied to all 

runs. To account for periodic fluctuations in the fMRI signal, a General Linear Model (GLM) 

incorporating Fourier basis functions was applied, including two sine and two cosine functions to 

model low-frequency drifts and physiological noise. Across the four timepoints, the maximum 

motion correction did not exceed 1 mm for translation and 3 mm for rotation. None of the scans 

was excluded because of head movements. A fixed effects single-subject (FFX GLM) analysis 

was subsequently performed to compare activity during the dance-imagery blocks and the 

fixation blocks within each timepoint (T1, T2, T3, and T4). 

Functionally defined regions were identified from the GLM of dance-imagery versus 

fixation across all four timepoints, according to a statistical threshold of p < 0.0001 (Bonferroni-

corrected) with a cluster threshold of k > 22. The BOLD percent signal change was calculated 

relative to a baseline, defined as the average of the two volumes acquired prior to the start of the 

music. 

Modulation of task-related BOLD signal change (dance-imagery vs. fixation) was 

compared between timepoints for each of the functionally defined regions, using linear mixed-

effects models to examine the effect of Time on percentage BOLD signal change associated with 

the dance-imagery task. The statistical models included Time (T1/T2/T3/T4) as a fixed factor 

with T1 as the reference level, as well as random effects for individual samples. 

An autoregressive correlation structure of order 1 [AR (1)] was included to account for 

correlations between consecutive samples. An adjusted significance threshold of p < 0.0033 was 

used to correct for multiple comparisons within and between models. Statistical analyses were 

conducted in R (R Core Team, 2023).

https://www.frontiersin.org/journals/aging-neuroscience/articles/10.3389/fnagi.2024.1398871/full#ref38
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RESULTS 

Functionally defined regions based on clusters of functional activation across all four 

timepoints were identified from the GLM. These regions were SMA, left and right superior 

temporal gyrus (STG), and left and right insula, which were significantly activated at a statistical 

threshold of p < 0.0001 (Bonferroni-corrected) with a cluster threshold of k > 22 (see Figure 2). 

Talairach coordinates for these regions are provided in Table 2. 
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Table 2 

 

Functionally Defined Regions of Interest 

 

ROI TAL coordinates 

( x , y , z ) 

# of voxels Max stat-value 

SMA ( -3 , 6, 55) 4535 16.07 

Right STG ( 56, -19, 11) 8084 26.89 

Right Insula ( 22, 14, 11) 605 14.25 

Left STG (-50, -24, 13) 7895 25.75 

Left Insula (-32, 20, 5) 403 13.04 

 

Note. The table presents the regions of interest (ROIs) along with their respective Talairach 

coordinates (x, y, z), voxel counts, and maximum statistical values. The supplementary motor 

area (SMA), superior temporal gyrus (STG), and insula are reported bilaterally. The number of 

voxels represents the spatial extent of each ROI, while the max stat-value indicates the peak 

statistical significance within the region. 
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Figure 2. Regions of interest (ROIs): (a) activated regions are projected onto the inflated cortex 

of the right and left hemispheres, displayed at a statistical threshold of p<.0001, Bonferroni-

corrected, cluster threshold k > 22; (b) locations of ROIs as labelled on BOLD activation 

map overlaid on the MNI brain. Legend: RH = right hemisphere; LH = left hemisphere; COR = 

Coronal; TRA = Transverse; SMA = Supplementary Motor Area; STG = Superior Temporal 

Gyrus. 
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Linear mixed-effect modelling revealed significant modulation of BOLD signal 

activation in the SMA (using the adjusted significance threshold) at T2 (b = −0.35, 

SE = 0.055, t(413) = −6.32, p < 0.001) and at T4 (b = −0.23, 

SE = 0.054, t(413) = −4.19, p < 0.001), but not at T3 (b = −0.09, 

SE = 0.054, t(413) = −1.70, p = 0.09), relative to T1. As illustrated in Figure 3, activation 

decreased from T1 (pre-training) to T2 (11 weeks of training), followed by an increase from T2 

to T3 (18 weeks of training) and a subsequent decrease at T4 (29 weeks of training). 
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Figure 3. (A) BOLD activation of SMA during dance-imagery shown in sagittal, coronal, and 

transverse view in the 3D Talairach space, displayed at a statistical threshold 

of p < 0.0001, Bonferroni-corrected, with cluster threshold k > 22; (B) fMRI response (average 

percent BOLD signal change) of SMA during the dance-imagery blocks within each of the four 

timepoints (dashed line indicates the start of the music played in the 

scanner); (C) average percent BOLD signal change of SMA between the four timepoints. Error 

bars represent S.E.M. 
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Significant modulation of BOLD signal was also found for the right STG at T2 (b = −1.0, 

SE = 0.075, t(412) = −13.21, p < 0.001), T3 (b = −0.41, SE = 0.074, t(412) = −5.49, p < 0.001), 

and T4 (b = −0.95, SE = 0.074, t(412) = −12.84, p < 0.001), and the left STG at T2 (b = −0.73, 

SE = 0.074, t(413) = −9.87, p < 0.001) and T4 (b = −0.48, SE = 0.073, t(413) = −6.51, p < 0.001), 

but not T3 (b = −0.10, SE = 0.073, t(413) = −1.35, p = 0.18). As shown in Figure 4, the changes 

in activation between timepoints for both right and left STG followed a similar pattern to the 

SMA, with an initial decrease from T1 to T2 followed by an increase from T2 to T3 and then a 

decrease at T4.
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Figure 4. (A) BOLD activation of right and left STG during dance-imagery shown in 

sagittal, coronal, and transverse view in the 3D Talairach space, displayed at a statistical 

threshold of p < 0.0001, Bonferroni-corrected, cluster threshold k > 22; (B,C) average percent 

BOLD signal change of right and left STG during dance-imagery blocks within each of the 

four timepoints (dashed line indicates the start of the music played in the scanner); (D,E) 

average percent BOLD signal change of right and left STG between the four timepoints. 

Error bars represent S.E.M. 
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The right insula also showed a similar pattern, as shown in Figure 5, with a significant 

effect of Time at T2 (b = −0.26, SE = 0.075, t(415) = −3.46, p = 0.0006) and T4 (b = −0.33, 

SE = 0.074, t(415) = −4.49, p < 0.001), but not at T3 (b = −0.17, 

SE = 0.074, t(415) = −2.28, p = 0.023). Finally, the left insula did not show any significant 

effects of Time (all p > 0.004).
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Figure 5. (A) BOLD activation of right and left insula during dance-imagery shown in in 

sagittal, coronal, and transverse view in the 3D Talairach space, displayed at a statistical 

threshold of p < 0.0001, Bonferroni-corrected, with cluster threshold k > 22; (B,C) average 

percent BOLD signal change of right and left insula during dance-imagery blocks within each 

of the four timepoints (dashed line indicates the start of the music played in the scanner); 

(D,E)average percent BOLD signal change of right and left insula between the four timepoints. 

Error bars represent S.E.M. 
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DISCUSSION 

 

The findings of the present case study suggest that, in an individual with mild PD, 

long-term dance training promoted functional changes in cortical regions while imagining the 

dance learned during classes. 

The SMA, which is implicated in processes of motor planning, preparation and 

imagery (Lotze & Halsband, 2006; Shima & Tanji, 1998, 2000), was significantly activated 

during all four timepoints. The SMA has been found to be activated in people with PD during 

motor imagery (Cunnington et al., 2001; Weiss et al., 2015), to a similar degree as in healthy 

controls (Cunnington et al., 2001). 

In previous work applying the same paradigm as the present study to expert dancers, 

activations were found in SMA and primary motor cortex (M1) (Bar and DeSouza, 2016), 

further indicating the role of motor processes during imagined dance. The high initial level of 

activation in the SMA at T1, when the participant had minimal experience of the music and 

choreography, might reflect the novelty of the music and/or difficulty in generating motor 

imagery. Consistent with the latter point, neural activity in people with PD when performing 

an implicit test of motor imagery (hand laterality judgment) has previously been found to 

increase with task difficulty in areas including the SMA (Helmich et al., 2007). At T2, a 

decrease in SMA activity was observed, following 11 weeks of dance classes learning the 

choreography alongside additional imagery practice with the music at home. This decrease 

might indicate a reduction in the demands of generating imagery, since the dance 

choreography was now familiar but not fully learned. 

The initial pattern of decreasing activation in SMA from T1 to T2 is also consistent 

with the findings of Olshansky et al. (2015), where decreased activation in this region was 

found during motor imagery with familiar music compared to unfamiliar music. The pattern of 

activation also suggested a subsequent increase in SMA activation at 18 weeks into training 
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(T3), which might reflect greater generation of imagery as learning progressed (e.g., more 

sustained or more detailed images), followed by a decrease at the final timepoint (T4). In 

expert dancers, a decrease in SMA activation was found after 34 weeks of learning a new 

choreography (Bar and DeSouza, 2016), indicating greater ease or efficiency of motor 

imagery over time. In previous investigations of music and familiarity, the SMA and auditory 

regions were found to be activated when music was familiar, together with other motor- 

related regions such as the basal ganglia, cerebellum, and dorsal premotor cortex, further 

suggesting a pattern of motor-related activations (Zatorre et al., 2007). Additionally, recent 

self-report data indicated that music could evoke motor imagery in people with PD (Poliakoff 

et al., 2023), and that the vividness of music-evoked motor imagery correlated with musical 

training and the urge to dance. 

The present analysis did not examine functional activity in the pre-SMA, which is a 

subregion of the SMA located rostral to the SMA-proper. While both areas are involved in 

motor planning and sequencing (Shima and Tanji, 1998; Shima and Tanji, 2000), the pre- 

SMA may be more involved in learning new motor sequences, due to its connections with 

prefrontal areas that are involved in learning and performing movement sequences (Hikosaka 

et al., 1996; Shima & Tanji, 1998, 2000). The pre-SMA may also be more involved in 

inhibition of action (Obeso et al., 2013), compared to the SMA-proper which has more dorsal 

connections. The function of the pre-SMA may also be more impacted in PD than the SMA- 

proper (Cunnington et al., 2001). Future studies could thus attempt to differentiate the effects 

of dance training on activity of the SMA-proper and the pre-SMA in people with PD. 

The bilateral STG, which have a key role in auditory processing (Rivier and Clarke, 

1997) showed a similar pattern of activity to the SMA across the four timepoints, which was 

also similar to findings from expert dancers (Bar and DeSouza, 2016). In the present study, 

29 weeks of training with the same music and choreography promoted an overall decrease in 
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the STG activation in both hemispheres. One possible explanation of this is that novel music 

strongly activates auditory regions, and this activation decreases with familiarity (Olshansky 

et al., 2015). 

The right and left insula were activated across all timepoints in the present study, but 

only the right insula showed a significant change across time. In humans, the insula has 

connections with neural structures such as the frontal, parietal, and temporal lobes, the 

cingulate gyrus, amygdala, brainstem, thalamus, and basal ganglia (FLYNN, 1999). Multiple 

functions of the insula have been proposed, including sensorimotor processes such as body 

awareness, error awareness, attention to pain, and representing the physiological condition of 

the body (Craig, 2009). In addition, the insula has been proposed to provide an interface 

between body awareness and movement (Tinaz et al., 2018). 

The present study found an asymmetry in activation between right and left insula, 

which may be due to the differences between ascending and descending connections that 

utilize different frequency bands depending on feedforward or feedback communication 

(Bastos et al., 2015) or anatomical connections (Rivier & Clarke, 1997). The right insula has 

been found to be more activated by visual and auditory perception of emotional music (Petrini 

et al., 2011) as well as processing of rhythm (Lappe et al., 2013) and melody (M. H. Thaut et 

al., 2014) compared to the left. Moreover, the right insula has been suggested to be important 

for multisensory integration (Chen et al., 2015) and in the present study may have been 

involved in integrating sensory aspects of the imagined movement with the music. The insula 

has also been suggested to act as a hub for connecting attentional control and memory related 

regions (Mayer et al., 2007); thus, it is also possible that the decrease in activation of the right 

insula in the present study reflects reduced demands on attentional processing, emotion 

processing and/or memory. Further evidence for a role of the insula in dance was found in a 

study of older adults (Rehfeld et al., 2018), in which dance training was associated with an 
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increase in grey matter in various brain regions including the left insula, when compared to an 

active control group who practiced repetitive movements.  

These findings contrast somewhat with the present study, where a clearer change in 

activation was found for the right than left insula. However, the previous study emphasized 

continual learning of different movements and choreographies, which may differently 

recruit the insula; for example, the left insula appears to be more involved in speech and 

language processing (Oh et al., 2014), which may be important for following instructions 

for new dance routines. Moreover, we did not analyze structural changes, which may reveal 

different effects than functional data. 

While previous studies of dance for PD have not examined neuroplastic effects in the 

same regions as investigated in the present study, some evidence of functional neural changes 

resulting from dance training has been reported in PD as noted above (Batson et al., 2014). 

Neuroplastic effects of other forms of physical activity, such as aerobic exercise and 

treadmill training, have also been documented in people with PD (Duchesne et al., 2016; 

Johansson et al., 2020). In addition, evidence of functional changes in brain areas related to 

motor imagery, alongside improved motor imagery vividness, was found following training 

with action observation and motor imagery in participants with PD (Sarasso et al., 2023). 

Since dance involves observation and imagery of movement (Bek et al., 2020), the neural 

changes indicated by the present study may thus reflect both motor learning of the dance 

choreography and improved motor imagery ability. 
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Study Limitations 

This dissertation has several limitations that should be addressed in future work to 

further understand the neural effects of dance for people with PD. Although the results of a 

single case study cannot be generalized, this study provides proof of concept of a dance 

learning paradigm that can be applied to larger numbers of participants to investigate 

neuroplastic effects of dance. Future studies should compare participants receiving dance 

training to participants in a control condition, such as an exercise program or no intervention. 

It would also be informative to collect longitudinal data on performance or recall of the dance 

choreography, as well as disease status (e.g., UPDRS) to examine in relation to changes in 

functional activation. In the present study, it cannot be ruled out that stress or anxiety 

contributed to the high levels of BOLD activity observed at the first timepoint, and this could 

be addressed in future studies by incorporating physiological measures such as skin 

conductance and heart rate. 

Additionally, although the present study provides initial evidence that regular dance 

participation could promote neuroplasticity in people with PD, it is important to note that the 

participant in this case study might not be representative of a typical person with PD, given 

his high level of physical activity including additional dance practice (both physical and via 

imagery) outside of classes. Moreover, given the heterogeneous nature of PD, the neural 

effects of dance may differ between participants at different disease stages or with different 

symptom profiles. 
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Future Directions 

Future research with larger samples could investigate this by comparing groups of 

participants with different subtypes of PD. Alternatively, heterogeneity could be better 

controlled by focusing only on one subtype, as some previous fMRI studies have done 

(Sarasso et al., 2023). Finally, since difficulties with motor imagery are sometimes reported in 

PD (Readman et al., 2023; Scarpina et al., 2019), future studies could also screen participants 

to ensure an adequate level of imagery ability, as well as providing training on the use of 

motor imagery prior to undertaking the fMRI protocol. 
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Appendix A: Supplementary Analysis   

 

BOLD Activation Across ROIs Linear Mixed-Effects Model Results 

A series of linear mixed-effects models were conducted to examine the effect 

of TIMEPOINT on BOLD signal changes for each Region of Interest (ROI) while accounting 

for repeated measures within BLOCK as a random effect. 

The models were fitted using maximum likelihood estimation (ML) with the following 

formula: 

BOLD ~ TIMEPOINT + (1 | BLOCK) 

A Type III ANOVA revealed a significant effect of TIMEPOINT on BOLD activation 

across all regions (p < .001 for all models), indicating that neural activation varied across 

timepoints in each ROI. 

Pairwise comparisons with Bonferroni correction revealed significant decreases in 

activation from T1 to T2, followed by partial recovery at T3 and subsequent decreases at 

T4 in most regions. 

This supplementary analysis should be interpreted with caution, as it was conducted 

to provide additional insights into temporal modulation of BOLD activation rather than to 

serve as the primary statistical approach. Given the single-subject design, these results reflect 

within-subject variability and may not generalize to broader populations. However, they offer 

valuable information regarding potential neuroplastic adaptations across different timepoints. 
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Table S1 

Model Fit Statistics for Each ROI 

ROI AIC BIC Log-

Likelihood 

Deviance Residual 

df 

Supplementary Motor Area 406.6 430.8 -197.3 394.6 411 

Right Superior Temporal Gyrus 672.9 697.1 -330.4 660.9 410 

Left Superior Temporal Gyrus 660.9 685.1 -324.5 648.9 411 

Left Insula 557.6 581.7 -272.8 545.6 409 

Right Insula 681.6 705.9 -334.8 669.6 413 
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A Type III ANOVA (Wald Chi-Square test) revealed a significant effect of 

TIMEPOINT on BOLD activation across all Regions of Interest (ROIs) (p < .001 for all 

models). The right STG exhibited the strongest effect (χ² = 245.07), followed by the left 

STG (χ² = 128.26) and SMA (χ² = 47.20). The insula (left and right) showed comparatively 

smaller but still significant effects (χ² = 25.31 and 22.64, respectively), indicating time-

dependent changes in neural activity in all examined regions.
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Table S2 

Type III ANOVA Results (Wald Chi-Square Tests) 

Note. Significant effects of TIMEPOINT indicate that BOLD activation changed significantly 

over time in each region. 

  

ROI Chi-Square (χ²) df p-value 

SMA 47.20 3 < .001 *** 

Right STG 245.07 3 < .001 *** 

Left STG 128.26 3 < .001 *** 

Left Insula 25.31 3 < .001 *** 

Right Insula 22.64 3 < .001 *** 
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Table S3 presents the estimated marginal means (EMMs) for BOLD activation across 

the four timepoints for each region of interest (ROI). These values represent the mean BOLD 

activation (emmean) at each timepoint, along with standard errors (SEs), degrees of freedom 

(df), and 95% confidence intervals (CIs). 

Overall, the Right and Left Superior Temporal Gyrus (STG) showed the highest mean 

BOLD activation at T1, followed by reductions at T2, partial recovery at T3, and another 

decline at T4. The Supplementary Motor Area (SMA) exhibited a similar pattern, with an 

initial decrease at T2, a partial rebound at T3, and another drop at T4. The Left and Right 

Insula demonstrated more variable responses, with significant fluctuations over time, 

particularly between T2 and T3. 

These findings indicate dynamic changes in BOLD activation across different brain 

regions over the training period, with STG and SMA showing the most pronounced 

fluctuations. The reported confidence intervals provide insight into the variability and 

precision of the estimates. 
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Table S3 

Estimated Marginal Means for BOLD Activation by Timepoint 

ROI TIMEPOINT Mean 

BOLD 

Activation 

(emmean) 

SE df 95% CI 

(Lower) 

95% CI 

(Upper) 

SMA T1 0.79 0.0496 23.5 0.687 0.892 

 T2 0.446 0.0503 25.1 0.342 0.55 

 T3 0.699 0.0495 23.2 0.596 0.801 

 T4 0.564 0.0495 23.2 0.462 0.666 

Right STG T1 1.534 0.0563 64.7 1.421 1.646 

 T2 0.539 0.0574 68.5 0.425 0.654 

 T3 1.126 0.0559 62.7 1.015 1.238 

 T4 0.58 0.0559 62.7 0.469 0.692 

Left STG T1 1.351 0.0607 35.9 1.228 1.474 

 T2 0.621 0.0618 38.6 0.496 0.746 

 T3 1.253 0.0605 35.4 1.13 1.375 

 T4 0.876 0.0605 35.4 0.753 0.999 

Left Insula T1 0.588 0.0512 46.4 0.485 0.691 

 T2 0.462 0.0523 49.9 0.357 0.567 

 T3 0.775 0.0512 46.4 0.672 0.878 

 T4 0.542 0.0512 46.4 0.438 0.645 

Right Insula T1 0.454 0.0525 58.6 0.349 0.559 

 T2 0.194 0.0539 62.7 0.086 0.301 

 T3 0.285 0.0525 58.6 0.179 0.39 

 T4 0.12 0.0525 58.6 0.015 0.225 
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Table S4 presents the pairwise comparisons of BOLD activation, highlighting 

significant differences between T1-T2, T1-T4, and T2-T3 for most ROIs. These findings 

suggest a nonlinear modulation pattern over time.  

The right STG and SMA exhibited the largest effect sizes, supporting prior findings of 

their involvement in dance-imagery-induced neuroplasticity. To account for multiple 

comparisons, Bonferroni correction was applied to the reported p-values.
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Table S4 

Pairwise Comparisons of BOLD Activation Between Timepoints (Bonferroni-Corrected) 

ROI Contrast Estimate SE df t-ratio p-value 

SMA T1 - T2 0.3439 0.0541 415 6.354 < .001 *** 

 T1 - T3 0.0913 0.0533 415 1.713 0.5247 

 T1 - T4 0.226 0.0533 415 4.239 < .001 *** 

 T2 - T3 -0.2526 0.054 415 -4.678 < .001 *** 

 T2 - T4 -0.118 0.054 415 -2.185 0.1768 

 T3 - T4 0.1346 0.0532 415 2.532 0.0703 

Right STS T1 - T2 0.9945 0.0752 415 13.223 < .001 *** 

 T1 - T3 0.4073 0.0741 414 5.499 < .001 *** 

 T1 - T4 0.9531 0.0741 414 12.868 < .001 *** 

 T2 - T3 -0.5872 0.0749 415 -7.844 < .001 *** 

 T2 - T4 -0.0414 0.0749 415 -0.553 1 

 T3 - T4 0.5458 0.0737 414 7.405 < .001 *** 

Left STS T1 - T2 0.7299 0.0736 416 9.916 < .001 *** 

 T1 - T3 0.0983 0.0725 415 1.356 1 

 T1 - T4 0.475 0.0725 415 6.553 < .001 *** 

 T2 - T3 -0.6316 0.0734 416 -8.601 < .001 *** 

 T2 - T4 -0.2549 0.0734 416 -3.471 0.0034 

 T3 - T4 0.3768 0.0723 415 5.21 < .001 *** 

Left Insula T1 - T2 0.1265 0.0653 414 1.936 0.3211 

 T1 - T3 -0.1869 0.0645 413 -2.898 0.0237 

 T1 - T4 0.0467 0.0645 413 0.725 1 

 T2 - T3 -0.3134 0.0653 414 -4.797 < .001 *** 

 T2 - T4 -0.0798 0.0653 414 -1.221 1 

 T3 - T4 0.2336 0.0645 413 3.623 0.002 

Right Insula T1 - T2 0.2601 0.0752 420 3.458 0.0036 

 T1 - T3 0.1692 0.0743 419 2.279 0.1391 

 T1 - T4 0.3335 0.0743 419 4.491 0.0001 

 T2 - T3 -0.0909 0.0752 420 -1.208 1 

 T2 - T4 0.0734 0.0752 420 0.976 1 

 T3 - T4 0.1643 0.0743 419 2.213 0.1648 

Note. T1, T2, T3, and T4 represent different timepoints in the study. Values indicate mean 

differences (change in BOLD activation) between timepoints for each Region of Interest 

(ROI). p-values have been Bonferroni-corrected to control for multiple comparisons. 
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Significance levels are as follows: p < .001* (highly significant), p < .01 (moderately 

significant), and p < .05 (significant)  
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Appendix B: MDS – UPDRS 
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Appendix C: Medication Questionnaire 
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