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21st century has critical neurological problems to solve-
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Neural plasticity may underlie potential movement 
and mobility effects on cognition in PD and AD

• Brain’s ability to modulate connections 
between brain cells, based on 
experiences
• Anatomical, molecular, genetic, structural, functional 

levels
• Increased synthesis, release of neurotrophins and 

neurotransmitters
• Reorganization of cortical representations, 

synaptogenesis, and synaptic potentiation

• Challenge brain with new activities & 
experiences
• New synaptic connections form between neurons

• Better communication between neurons
• Benefits increase when challenges are “on-going”, ie. Regular 

exercise, dance and art!



Our capacity for movement changes over the lifespan



Movement and thought are 
intertwined in everything we do

• Motor-cognitive integration: 

• cognition is embodied in action, and the motor system 
actively engages in mental processing 



Real-world walking and mobility are complicated!

We must often, and readily change and adapt our gait patterns to 
be able to move about in our ever-changing environment!



• Cognition needed for walking 
adaptation: 

• Attention/ working 
memory

• Executive function
• Visuospatial function

• MCI associated w/cognitive 
deficits across these domains

• Results in walking impairments 
and falls

• Rigorous early rehabilitation 
approaches needed

Mild Cognitive Impairment (MCI) hinders the ability to make 
walking stride changes needed for daily mobility

MCI is associated with deficits across multiple cognitive 

domains (e.g.

attention, executive function, working memory) that hinder 

the ability to modulate gait patterns—how lower limb

joints are coordinated in space and time—to safely 
navigate daily walking contexts. Rigorous early diagnostic

and rehabilitation approaches are urgently needed to 

identify and address gait deficits in MCI and AD. The

heterogeneity of underlying neuropathology associated 

with MCI may manifest as heterogeneous and subtle
deficits in the ability to modulate gait, which 
contribute to fall risk.



Dance and Creative Movement: 
cogent vehicle for delivering 

cognitive rehabilitationn

• Dance engages cognitive 
processes through imagery 
and creative movement

• Dance may improve spatial 
function and other aspects 
of cognition

• Increased cardiovascular 
fitness modulates brain 
activations associated 
with spatial learning



Creative movement, music and dance 
therapies may help walking adaptation in MCI

• Steps with spatial & 
temporal structure

• Induce highly unusual 
walking patterns 

Assay and Therapy Tools: 
• Systematic administration
• Clear performance goals in 

terms of posture and timing

• Individualized



We have introduced Spatiotemporal Activity Modification 
(STEAM) to people with cognitive impairments

Temporal
The rhythm of movement

Spatial
The coordination of movement



Spatiotemporal Activity Modification (STEAM) 
target spatial and temporal domains of gait 
adaptation

• Individualized

Temporal
Timing w/in prescribed rhythm & meter

Spatial
Coordination w/in ballet framework

ISOLATED:



Spatial & Temporal
Ballet coordination patterns + 

prescribed rhythm & meter

COUPLED:

STEAM assays differential effects of aging 
and cognition on gait modulation accuracy 
(Rosenberg et al., Front. Age. Neur., 2023)

STEAM targets spatial and temporal domains of 
walking adaptation



Partnered DANCE IS A 
MOVEMENT 
CONVERSATION?

  
HOW IS THIS 
ACCOMPLISHED?



Leading- plan & select movement= internally guided movement (IG)

Following- response to external cues= externally guided movement 
(EG)



• Interactions forces from hands, torso or arm 
form a sensory and touch communication 
channel about movement goals during 
cooperative physical interactions between 
humans

• Follower figures out and puts into action the 
movement goals of the leader

In Partnered dance, Physical and cognitive function 
must be Integrated in human human interaction 
involving human touch where goals are 
communicated through the hands



Adapted tango may improve mobility, 
and motor-cognitive function more 

than health education in older adults 
in independent living communities

• Tango, n=62

• Education, n= 12

• Age: M=83, SD=9

• Hackney et al., J Am Geriatr Soc 2015
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Significant group X time interaction; Red: Tango; Yellow: Education  McKee & Hackney 2013, 
J Mot Behav

Spatial Cognition improved in Tango but not in Education (maintained 
12 weeks post-intervention)





… 18 pseudorandomized 18-second 
Touch, Listen and Watch, and Touch, 
Listen, and Watch blocks (6 each) 
interspersed with 12-second rest blocks

Touch (T): Receive 
manual touch

Listen and Watch 
(LW): Watch dancing 
while listening to 
Tango music

Touch, Listen, and 
Watch (TLW): Watch 
dancing while 
listening to Tango 
music and receiving 
manual touch

T LW TTLW
Rest Rest Rest Rest

SETUP:
Left side – bimanual touch from a research 
assistant on the forearm 
Right side – index finger taps along to the music 
with the MRI compatible Celeritas bear claw

Voice Cue (3s)
(e.g. “Notice the Touch”)

The Touch Task: A Novel Assessment of Neural Activation during Visual and Motor Touch 
Interactions



TLW vs mean(T, LW) Posterior Cingulate Cortex

PCC: Cluster unique to TLW vs mean (T + LW)
One other unique cluster: left primary somatosensory cortex
Posterior Cingulate cortex is highly involved in variety of cognitive functions: memory, navigation, decision-making and emotional 
processing – also part of Default mode network which is active during internally focused thought. 





Tango participants had significantly decreased IL-7, IFN-γ, 
TNF-α, and MCP, compared to control after the 12- week trial



The PAIRED Merit Trial I01 RX002967



IRB112770; Grant RX002967
Dr. Madeleine E. Hackney, Principal Investigator

mehackn@emory.edu

• Different types of exercise may improve patient 
perception of medication effectiveness and slow 
neurodegeneration.

• We will examine the effects of walking versus partnered 
dance on OFF-time, rate of brain degeneration and 
spatial cognition.

mailto:mehackn@emory.edu


DREAMS (Developing Research 
Education and Advocacy for 
Multicultural Seniors)

• Program developed with funding from the Emory 
Roybal Center

• TOTALLY REMOTE

• 8-week distance-learning and caregiver 
empowerment program delivered in podcast and 
text formats

• Care partners and people with LBD and PD are 
invited



Other studies!!

• HILITE: PD – dance and walking

• STEADI-AVATAR: Adults aged 65+years, some with dementia, some 
with MCI, exercise program, mostly remote! 

• Fall Prevention Pathways: Adults aged 65+ years, exercise program, 
mostly remote!

• ZEST-E: PD, Exercise with a robot

• Contact me at mehackn@emory.edu if interested!

mailto:mehackn@emory.edu
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Questions?

mehackn@emory.edu
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