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Some background from someone who began her clinical 
career in 1973 and her research career in 1987…

• Use the STEP conferences as a framework for the Past

• July, 2016 IV STEP conference reflects the Present through 
four Ps: prevention, prediction, plasticity and participation 

• Based on recent basic and clinical research, identify current 
trends in the practice of neurorehabilitation 

• Imagine the Future of neurorehabilitation for children and 
adults with movement disorders.
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Celebrate our History
• 50 years ago in Chicago: The Northwestern University Special 

Therapeutic Exercise Project (NUSTEP) - 4 weeks
• 1200-page conference proceedings published in the American 

Journal of Physical Medicine as a stand-alone textbook.
• Targeted for PT educators who taught adult and pediatric 

neurology courses.
• NUSTEP goals: “to analyze older and newer methods of 

therapeutic exercise and to search for ways to meet future 
needs of physical therapy students through reconsideration of 
objectives and curriculum content” 

• Neurofacilitation approaches of prevailing gurus: Bobath, 
Brunnstrom, Knott & Voss, Rood.

• Basic science including: neurophysiology, motor development, 
motor learning and motor behavior.
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Our textbook in 
PT schools, circa, 

1960s-1970s
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Margaret Rood—
weightbearing for someone 
who is unable to open their 
hand sufficiently to weightbear
will normalize abnormal tone, 
pg 921

Notice the angle of the bar which 
puts more weight on the ulnar 
side of the hand-stretch to the 
intrinsic muscles of the ulnar side 
facilitates shoulder stability
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Temple Fay Approach, pg
824. Plantigrade walking: 
postural supporting 
responses of the lower 
extremities are developed 
at this level.
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Knott & Voss: Proprioceptive 
neuromuscular facilitation 
(PNF), pg 853

Bipedal walking diagonally 
forward to the left requires 
that left lower extremity 
advance in second diagonal 
as the first diagonal is in use 
with the right lower 
extremity.  Upper extremities 
are relatively inactive  except 
for extension of right thumb 
and index finger.
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Only paper that 
mentioned practice and 
motor learning in the 
entire 1200 page 
volume.

Needless to say, this was 
not considered a very 
important aspect of 
therapeutic exercise in 
1967.
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24 Years Later…
• Pediatric and Neurology Sections of APTA revisited 

the STEP conference idea.
• 1990 II STEP - 8 day conference (July 6-13th) at 

University of Oklahoma’s continuing education 
center, Norman.

• Purpose: “to bring new theory and knowledge arising 
from the same content areas addressed at NUSTEP 
to the audience of physical therapy educators who 
work in both academic and clinical settings.” (p. 2)

• Proceedings published by Foundation for PT in a 
little known compendium.
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Dick Schmidt was the 
only non-physical 
therapist on the program 
at II STEP

Theoretical Issues in 
Motor Learning

[2.5 hours]
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“For me, the problem for physical therapy 
was an organic one, for want of a better 
term; this was due, I suppose, to the fact 
that many of the patients had real, 
quantifiable injuries that could be “seen” 
quite clearly with various diagnostic 
procedures…To use computer 
terminology, physical therapy seemed to 
be involved with “hardware” 
problems....”
“Motor learning, on the other hand, has 
always been concerned mainly with the 
acquisition of new skills with 
practice...Thus the problem was 
concerned with how the motor system is 
organized differently after practice...To me, 
these issues were essentially ”software” 
problems, analogous to understand the 
programs that control the hardware’s 
activities, and they had little in common 
with the hardware problems of physical 
therapy.”

Schmidt, RA. (1991), II STEP Contemporary Management of 
Motor Control Problems, Foundation for Physical Therapy, 
Fairfax, VA.
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Schmidt, RA. (1991) Chapter 7, Motor learning principles for physical therapy. II STEP 
Contemporary Management of Motor Control Problems; Foundation for Physical 

Therapy, Fairfax, VA.

“Recently, I have begun to see the relationship between 
the fields of physical therapy and motor learning 
somewhat differently, joined (or perhaps led) by 
numerous others in both fields.  The new perspective is 
this: In a physical therapy session, many different 
things happen, of course, but one of these things can 
be regarded as practice. That is, patients are engaged 
in repeated attempts to produce motor behaviors that 
are beyond their present capabilities, analogous to a 
person learning to play a trumpet, for example.” (p 49)
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Fifteen Years Later….
• In 2005, Neurology and Pediatric sections 

organized and presented III STEP 
(Symposium on Translating Evidence into 
Practice)

• III STEP included a heightened emphasis on 
neuroplasticity, motor learning and 
motivation with a theme of linking movement 
science to interventions.

• III STEP was specifically aimed at translation
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Significant departure 
from the two previous 
STEP conferences
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1990-2000, Decade of the Brain
Revolution in Neuroscience

Science. 1996 Jun 21;272(5269):1791-4.
Neural Substrates for the Effects of 
Rehabilitative Training on Motor Recovery 
After lschemic Infarct
Randolph J. Nudo,* Birute M. Wise, Frank SiFuentes, 
Garrett W. Milligan

Nudo, Barbay, & Kleim, 2000

Plautz et al., 2000
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Neurorehabilitation
• Neurorehabilitation is a complex 

medical, cognitive, and psychological 
process which aims to aid recovery 
from a nervous system injury, and to 
minimize and/or compensate for any 
functional alterations resulting from it.

Train the brain and body

[Wikipedia page created in 2007]
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III STEP Papers more accessible than II STEP

• Published in a special series in Physical 
Therapy (2006-2007).

• Five additional articles based on III STEP 
presentations as well as a perspective on the 
impact of the conference appeared in a 
special issue of the Journal of Neurologic 
Physical Therapy (JNPT)
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Present - IV STEP
• A half-century after NUSTEP, just over a decade 

after III STEP, the APTA Neurology and Pediatric 
Sections joined to organize and host IV STEP

• “A summer institute for clinicians, educators, and 
researchers designed to explore new theory and 
research evidence related to movement science and 
to translate this theory and evidence into physical 
therapy practice for individuals of all ages with 
neurologic disorders.” (IV STEP 2016. Prevention, prediction, plasticity 
and participation. http://u.osu.edu/ivstep/ Accessed on July 23, 2015)
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IV STEP Objectives
• Explore PTs’ role(s) in preventing disabling conditions

among at-risk and pre-clinical populations. 
• Evaluate ways to classify individuals’ movement 

disorders, as well as strategies to link classification 
with accurate predicted outcomes.  

• Summarize critical periods for emergence of 
neuroplasticity and strategies, including dosage, 
timing, and technology, for maximizing experience-
dependent plasticity.  

• Analyze and apply emerging measures and 
interventions to optimize participation within the 
patient-centered care model.

- 22 -

Defining the 4 P’s within PT practice and research

• Prevention
• Prediction
• Plasticity
• Participation
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PREVENTION
Actions taken to prevent the onset of disease (or 
disability), to stop its progress, and to minimize its 
consequences.
– Primary prevention (before it happens)

• Wearing bicycle helmets can reduce risk of TBI
– Secondary prevention

• Procedures to detect and treat pre-clinical pathological 
changes for control of progression to disability, e.g., 
screening premature infants or prescribing graded aerobic 
exercise for individuals at risk for stroke due to hypertension

– Tertiary prevention [bread & butter of PT practice]
• Minimize the impact of movement disorder on individual’s 

activity, participation and QOL, e.g., gait and step 
perturbation training to reduce falls in the elderly, those with 
PD, fall prevention training before hospital dc after stroke.
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PREDICTION
Prediction of optimal response to intervention choice is fundamental to 
effective practice; begins with meaningful movement system diagnosis 
and measurement. 
Prediction is also essential as it relates to primary prevention:

– Classification of movement disorders, as well as strategies to link 
classification with predicted outcomes.

– Examples include the GMFCS, recently expanded and revised, now 
GMFCS-E&R (Palisano et al., 2008)

– Classification of adults with movement disorders into fallers and non-
fallers using Berg Balance Scale, Timed up & Go.

– American Spinal Injury Association Impairment Scale (AIS) for 
persons with SCI has predicted which clients with chronic SCI would 
most likely respond to activity-based therapy (Jones et al., 2014)

– Stroke upper limb recovery can be predicted using the Predicting 
Recovery Potential (PREP) algorithm in acute and subacute stroke 
(Stinear et al., 2012)
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PLASTICITY
The capacity of cerebral neurons and neural circuits to change, 
structurally and functionally in response to experience
• Brain and spinal cord plasticity is critical not only for sensory 

function maturation during development and behavioral 
adaptation to the environment but also for CNS repair 
resulting from injury or disease.
– Exposure to enriched environments including cognitive, 

sensory and motor interventions, for example, is one non-
invasive approach to enhancing brain plasticity (Morgan et al., 
2013)

– Several recent systematic reviews have provided evidence 
to support this notion for infants at high-risk for CP and in 
adults the effects of aerobic exercise on brain changes 
post-stroke are encouraging.
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PARTICIPATION
Most widely known definition is from WHO ICF framework: 
“involvement of people in all areas of life or the functioning of a 
person as a member of society.  Participation restrictions are 
problems an individual may experience in involvement in life 
situations.”

– Less emphasis in rehab research on interventions to affect 
participation outcomes than on strategies to improve impairments that 
characterize individuals with movement disorders.  

– One 2015 systematic review found few high-quality studies reporting 
favorable participation results after interventions in children with 
disabilities.

– The effects of a structured, community-based intervention aimed at 
enhancing participation in individuals within 5 years of stroke onset 
found a mean increase across all participants of 1.88 additional hours 
per week of time spent in meaningful activities.  This was less than 
the target of 3 hours/week, but was not insignificant. (Mayo et al., 2015)
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A few examples
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Testing Prognostic Classification and Treatment Responsiveness
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Barriers to Participation using Patient Reported Outcome Questionnaire
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Future advances will come from:
• True merging of psychological and social 

science with physiological science (new 
theoretical models; mindfulness)

• Leveraging the power of new technologies 
(e.g., body worn sensors)

• Big Data (e.g., PhysioNet, Connectome)
• A more patient-centered approach that 

includes listening to our patients (PRO)
• Global perspective--International 

collaborations and consensus building
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Ellen Langer is a social psychologist 
at Harvard and is considered by 
many as the mother of mindfulness.

Rodin & Langer, 1977
Crum & Langer,  2007

Judith Rodin and Ellen J. Langer. Long-Term 
Effects of a Control-Relevant Intervention With the 
Institutionalized Aged. J. Person. & Social Psych, 
1977;35(12):897-902

Alia J. Crum and Ellen J. Langer. Mind-Set Matters: 
Exercise and the Placebo Effect, Psychological 
Science, 2007;18(2):165-171 
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Technology, Artificial Intelligence and the Future:
• Exponential advances across myriad technological fields are conspiring 

to usher in an era of profound change

• Never underestimate an exponential.  --Carl Sagan
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Evidence of AI and Technology
• Self-driving cars are not far off
• Amazon—order verification and payment; 

drone delivery
• Google Glass technology
• GPS systems for directions; SIRI,WAYZ 

integrating current conditions that affect our 
choices

• Exoskeletons and ‘intelligent’ fabrics like soft 
exosuits for assisting locomotion in the 
community
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Leveraging technology
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Big Data
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Gait dynamics of Interstride Interval
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http://www.datavyu.org/features.html
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Centralized Open-Access Rehabilitation database for Stroke (SCOAR)
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Value of Patient Reports

1Stone. The Science of Real-Time Data Capture. (2007.)
2Rumsfeld  et al. (2013) 
3Kayes and McPherson (2010)

48

“ While the limitation of self-report measures are clearly acknowledged, 
less apparent is attention to the potential limitation of their ‘objective’ 
counterparts leading to the assumption that objectivity results in more 

robust and scientifically valid measurement tools3”

• Self-report can provide insight into an inner state of respondents’ 
behaviors, attitudes, and personal experiences such as feeling, pain, 
emotion, and perceived health1. 

• However, the use of PRO is not widely accepted and still underused.2

• In fact, researchers and clinicians may believe more in objective 
outcomes than PRO3.
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• Limited use of the paretic hand after stroke can severely 
constrain an individual’s daily function1-2.

• The non-use phenomenon (sub-optimal use) describes the 
discrepancy between recovered motor capability and actual 
daily hand use.

• The presence of the non-use phenomenon underscores the 
fact that motor capability, while a necessary factor, may 
not be the only factor influencing paretic hand use after 
stroke. 

Problem: Non-Use Phenomenon in Stroke

1. Stewart JC & Cramer SC, 2013.
2. Han CE, et al., 2013.
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• Social-cognitive factors, which characterize an 
individual’s psychological needs and 
perceptions, play an essential role in 
functioning after stroke.4-7

o Self-Efficacy
A task-specific confidence of an individual’s capability.8

o Affect
Positive affect is a well-known factor that enhances 
motivation and leads to greater engagement in activities.9

o Social Support
A socially supportive environment has been associated 
with beneficial outcomes.10-11

What might some of those ‘other factors’ be?

4. Hellström K, et al., 2003.
5. Pang MYC, et al., 2007.
6. Robinson CA, et al., 2011.
7. Berges I-M, et al., 2012.
8. Bandura A, 1997.
9. Isen AM & Reeve J, 2006.
10. Barker RN & Brauer SG, 2005
11. Ryan RM, Deci EL, 2000.
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Example of using Ecological Momentary 
Assessment (EMA) for Rehabilitation

• Ecological Momentary Assessment (EMA)

• A mobile-based prompt methodology.

• It has been successfully used to assess: 
(1) chronic pain1, 
(2) physical activity level in non-disabled older adults,2 

(3) post-stroke depression symptoms.3

• EMA allows for simultaneous real-time assessments of 
behavioral (arm use) and psychological (self-efficacy, 
affect, social support) variables in a natural setting.

1. Stone AA, et al., 2004
2. Dunton GF, et al., 2009.
3. Johnson EI, et al., 2009.
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Patient-reported outcome movement

1http://www.nihpromis.org
2http://www.pcori.org
3https://static.usc.edu/css/mission
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• Dynamic assessment of patient-reported 
chronic disease outcomes

1

2

3
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Global Collaborations and Consensus Statements

“Rethinking the nature and delivery of rehabilitation and restorative therapies…”

• Pre-Clinical Recovery Research—Addressing the first translational gap
• Recovery Biomarkers-Mechanisms, Therapeutic Targets and Prognosis
• Intervention: Developing, Monitoring and Reporting
• Measurement in Clinical Trials
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Countdown to Singularity*
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*After Kurzweil
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Thank you

Los Angeles Premier of Interstellar, After Party


