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Learning Objectives

After participating in this session, attendees will be able to:

• Identify current advances in motor rehabilitation for acquired 
brain injury and explain how these developments inform 
evidence-based clinical practice.

• Evaluate key components of contemporary clinical practice 
guidelines and their implications for optimizing patient outcomes 
and functional recovery.

• Apply innovative, guideline-informed strategies to enhance 
patient engagement, treatment effectiveness, and integration of 
new research into everyday rehabilitation practice.



Background



LT CPG Action Statement 1: MODERATE- TO HIGH INTENSITY WALKING 
TRAINING FOLLOWING ACUTE-ONSET CENTRAL NERVOUS SYSTEM 
(CNS) INJURY. Based on the preponderance of evidence for 
individuals poststroke, limited evidence in individuals with iSCI, 
and no evidence for individuals with TBI, clinicians should use 
moderate- to high-intensity walking training interventions to 
improve walking speed and distance in individuals greater than 6 
months following acute-onset CNS injury as compared with 
alternative interventions (evidence quality: I-II; recommendation 
strength: strong for individuals with stroke)

Action Statement 2: VIRTUAL REALITY WALKING TRAINING 
FOLLOWING ACUTE-ONSET CENTRAL NERVOUS SYSTEM (CNS) 
INJURY. Based on the preponderance of evidence for individuals 
poststroke and no evidence for individuals with iSCI or TBI, 
clinicians should use virtual reality training interventions coupled 
with walking practice for improving walking speed and distance in 
individuals greater than 6 months following acute-onset CNS 
injury as compared with alternative interventions (evidence 
quality: I-II; recommendation strength: strong for individuals with 
stroke).

All studies reviewed to 
support this 
recommendation included 
individuals who were 
already independent 
walkers and were greater 
than 6 months post-injury



LT CPG Action Statement 1: MODERATE- TO HIGH INTENSITY WALKING 
TRAINING FOLLOWING ACUTE-ONSET CENTRAL NERVOUS SYSTEM 
(CNS) INJURY. Based on the preponderance of evidence for 
individuals poststroke, limited evidence in individuals with iSCI, 
and no evidence for individuals with TBI, clinicians should use 
moderate- to high-intensity walking training interventions to 
improve walking speed and distance in individuals greater than 6 
months following acute-onset CNS injury as compared with 
alternative interventions (evidence quality: I-II; recommendation 
strength: strong for individuals with stroke)

Action Statement 2: VIRTUAL REALITY WALKING TRAINING 
FOLLOWING ACUTE-ONSET CENTRAL NERVOUS SYSTEM (CNS) 
INJURY. Based on the preponderance of evidence for individuals 
poststroke and no evidence for individuals with iSCI or TBI, 
clinicians should use virtual reality training interventions coupled 
with walking practice for improving walking speed and distance in 
individuals greater than 6 months following acute-onset CNS 
injury as compared with alternative interventions (evidence 
quality: I-II; recommendation strength: strong for individuals with 
stroke).



• Primary predictors of 
improved walking capacity 
during inpatient rehabilitation 
for stroke were steps/day, 
baseline impairments, and 
age (Moore et al 2020)

• 70-80% max HR improves 
walking > 30-40% HR 
(Holleran et al 2015)

• 85% max HR improves 
walking even after plateau 
(Moore et al 2010)

Moderate to High Intensity
• 60-80% HRR or 70-85% 

HRmax
• >15/20 on Borg Scale of 

Rate of Perceived 
Exertion

• Static or dynamic 
standing balance 
activities including 
pre-gait training

• BWSTT with 
emphasis on 
kinematics

• Robot-assisted gait 
training

• Strength training at > 
70% of 1 rep max

• Circuit training, 
cycling, or recumbent 
stepping at 75-85% of 
HRmax

• Balance training with 
virtual reality 



TBI Literature 

RCT: N=17
• No significant differences in 

walking speed between groups
• Significant differences in walking 

endurance
• Mixed results regarding cognitive 

changes.

• ↓ ankle torque in TBI → ↓ Gait Speed 
(Williams et al 2010)

• Ankle torque in TBI → Most significant 
mobility predictor (Williams 2013)

• Self selected walking speed >1.0m/s 
predicts running (Williams et al 2010)



Pilot Study: Virtual Reality and High Intensity

Tefertiller C, Ketchum JM, Bartelt P, Peckham M, Hays K. Feasibility of virtual reality and treadmill training in traumatic brain injury: a 
randomized controlled pilot trial. Brain Inj. 2022 Jun 7;36(7):898-908. .



RCT In Progress: High Intensity Step Training (VR) 

The primary objective of this study is to evaluate 
High Intensity Step Training (HIST) with and without 
Virtual Reality (VR) in Individuals with Subacute TBI (< 
6 months)

3-Arm Randomized-Controlled Trial
1. Conventional Gait and Balance Training (CGBT)
2. HIST
3. HISTVR

Intervention 
• 5x/week
• 30 sessions
• 4-week follow-

up

Outcomes
1. Mobility
2. Balance
3. Cognition
 







Intensity 
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• 15 Trials: VR replaced some or all standard 
rehabilitation 

• Statistically significant improvements in walking 
speed, balance, and mobility in comparison to 
conventional therapy 

• 32 Trials: VR compared to standard 
rehabilitation 

• Medium effects cadence, gait speed, and stride 
length

Virtual Reality
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Action Statement 6: BALANCE TRAINING 
FOLLOWING ACUTE-ONSET CENTRAL 
NERVOUS SYSTEM (CNS) INJURY. Based on 
a preponderance of evidence in 
individuals poststroke, limited evidence in 
TBI, and no evidence in iSCI, clinicians may 
consider use of static and dynamic 
(nonwalking) balance strategies when 
coupled with virtual reality or augmented 
visual feedback to improve walking speed 
and distance in individuals greater than 6 
months following acute-onset CNS injury 
(evidence quality: I-II; recommendation 
strength: strong for individuals with 
stroke).

Virtual Reality



Augmented Reality

RCT N= 63
Results: No significant differences 
between VR and traditional HEP 
groups; 
• Both groups (chronic) 

demonstrated statistically 
significant improvements from 
baseline balance scores; 

• 52% of all met or exceeded 
clinically meaningful differences 
(CB&M, BESTest). 



Cortical Excitability: Functional Near-Infrared 
Spectroscopy (fNIRS)



Treadmill Task with VR vs. Treadmill Task Alone
*Late Epochs Only (N=7)

Right Hemisphere Left Hemisphere



• No adverse events in case series of 10 
individuals  with severe ABI

• Rare AEs: Skin abrasions and 
hypotension during inpatient exoskeleton 
training

Disorders of Consciousness (DoC)

“Future trials should measure arousal and consider 
further associating this with neurophysiological 

measures”



DOC: fNIRS



Quiet Rest Mental Imagery Exoskeleton-Assisted Walking



TBI: Chronic Disease Model 

Functional 
Independence

Cardiovascular 
Health/Mortality Frailty Mobility 

Disability

Cognitive 
Decline Falls Hospitalization All Cause 

Mortality



Gait and Cognition: Neural Internetwork Model

Conclusions (n=93): Significant associations 
and predictions between physical and 
cognitive recovery post-TBI were observed 
in this study. Future directions may 
consider a “neural internetwork” model as 
a salient rehabilitation approach in TBI 
that integrates physical and cognitive 
functions.



Aerobic Exercise and TBI



CPG FOR THE USE OF AFOS AND FES POST 
STROKE

• Strong evidence exists that AFO and FES can each 
increase gait speed, mobility, and dynamic balance. 

• Moderate evidence exists that AFO and FES increase 
quality of life, walking endurance, and muscle activation, 
and weak evidence exists for improving gait kinematics. 

• AFO or FES should not be used to decrease plantar flexor 
spasticity. 

• Studies that directly compare AFO and FES do not 
indicate overall superiority of one over the other. But 
evidence suggests that AFO may lead to more 
compensatory effects while FES may lead to more 
therapeutic effects.

JNPT • Volume 45, April 2021
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Action Statement 2: ANKLE-FOOT ORTHOSIS (AFO)
OR FUNCTIONAL ELECTRICAL STIMULATION
(FES) TO IMPROVE GAIT SPEED. Clinicians should
provide an AFO or FES for individuals with decreased lower
extremity motor control due to acute or chronic poststroke
hemiplegia who have goals to improve gait speed (evidence
quality: I; recommendation strength: strong).

Action Statement 3: ANKLE-FOOT ORTHOSIS (AFO)
OR FUNCTIONAL ELECTRICAL STIMULATION
(FES) TO IMPROVE OTHER MOBILITY. Clinicians
should provide an AFO or FES for individuals with 
decreased lower extremity motor control due to acute or 
chronic poststroke hemiplegia who have goals to improve 
other mobility evidence quality: I; recommendation 
strength: strong).

Action Statement 4: ANKLE-FOOT ORTHOSIS (AFO)
OR FUNCTIONAL ELECTRICAL STIMULATION
(FES) TO IMPROVE DYNAMIC BALANCE. Clinicians
should provide an AFO or FES for individuals with 
decreased lower extremity motor control due to acute or 
chronic poststroke hemiplegia who have goals to improve 
dynamic balance (evidence quality: I; recommendation 
strength: strong).
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Patient Satisfaction 
(Kluding, 2013)
• Greater satisfaction 

and adherence with 
neuroprosthesis 
compared to 
standard AFO

• No significant 
differences in 
functional outcome 
measures between 
AFO and FES

Practical Application: FES and AFOs
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Practical Application: Multi-Channel FES
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Action Statement 6: ANKLE-FOOT ORTHOSIS (AFO)
OR FUNCTIONAL ELECTRICAL STIMULATION
(FES) TO IMPROVE PLANTARFLEXOR SPASTICITY.
Clinicians should not provide an AFO or FES for individuals with decreased lower extremity 
motor control due to acute or chronic poststroke hemiplegia who have primary goals to improve 
plantarflexor spasticity (evidence quality: II; recommendation strength: moderate).

‒ Muscle stretch causes1a 
afferents to increase their 
firing rate

‒ Agonist and synergists 
contract in response

‒ Collateral interneurons 
activate 1a inhibitory 
neuron

‒ Results in relaxation of 
the antagonist

‒ Pathway activated during 
voluntary and electrically 
stimulated contractions 



Task-Oriented Training Constrain Induced 
Movement Therapy 

Mental Imagery Mirror Therapy

UE Gaming Long Term Group 
Intervention

Cognitive Behavioral 
Therapy

CPG: Upper Extremity Rehabilitation
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“This review shows the value of upper 
extremity task-oriented training as an 
effective intervention in stroke 
rehabilitation.”

“All studies showed significant results in the improvement of the 
upper extremity after stroke through task-oriented training 
rehabilitation (p<0.05).”

N=28

N=16

TOT that uses meaningful real-life activities 
such  as functional tasks; specifically activity-
based TOT is defined as client-centered, ABT 
focused on practice that is goal-directed and 
contextually specific to a patients goals. 

Task-Oriented Training



Constraint-Induced Movement Therapy 

Conclusion Low- level evidence suggests that m- 
CIMT can improve upper limb function in 
patients who had a stroke; m- CIMT appears to 
improve upper limb function in patients who 
had a stroke with a course duration of more 
than 2 months, as well as in patients with 
chronic stroke. The intervention period should 
be at least 2 weeks, and each training session 
should last at least 30 min.

Conclusion: Our results show 
that CIMT results in more 
significant gains in the 
functional use of the upper 
limb in ADL and functional 
independence, demonstrating 
superior activity and 
participation results in stroke 
survivors when compared to 
conventional therapies.

Conclusion: mCIMT was an acceptable 
intervention for stroke survivors and 
carers within the ESD service, offering 
considerable benefits compared to 
other therapies. 



Task Specificity

– RCT subacute CVA (Sham vs. Mirror in addition to conventional)
– N=40 (within 12 months post CVA)
– > ↑ Mirror vs. Conventional group FIM self care score/Brunnstrom
– No difference in spasticity (MAS)

– Healthy adults 
– Mirror vs. flexion/extension without mirror
– ↑ cortical excitability and MEPs in mirror group (30 mins after)
– ↑ timed manual dexterity motor learning task mirror group
– **Maybe priming for UE task specific rehabilitation/recovery
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Video Augmented Mirror Therapy

Our results suggested that 
mirror therapy using a video 
augmented wearable 
reflection device is more 
efficient compared to 
traditional mirror therapy for 
patients with stroke.
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Multimodal Mental Practice vs. Repetitive Task Practice

Results: The MMMP group exhibited 
significantly larger (p < .01) increases on 
all three outcome measures compared 
with the RTP group and surpassed 
minimal clinically important difference 
standards for all three UE outcome 
measures.
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“Additional upper extremity VR training was not superior but 
equally as effective as additional CT in the subacute phase after 
stroke. VR may constitute a motivating training alternative as a 
supplement to standard rehabilitation.”

Virtual Reality and Gaming



ADVANCES IN MOTOR 
REHABILITATION



Implanted Transcutaneous (ta)

“The U.S. Food and Drug Administration (FDA) on Aug. 27 approved the 
MicroTransponder Vivistim Paired VNS System (Vivistim System), a drug-free 
rehabilitation system that uses vagus nerve stimulation to treat moderate-to-
severe upper extremity “

Vagus Nerve Stimulation (VNS)
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3

“The response was similar across
subgroups examined. The findings suggest that the 
effects of paired VNS observed in the VNS-REHAB trial 
are likely to be consistent in wide range of stroke 
survivors with moderate to severe upper extremity 
impairment.”

“Augments task 
specific 
neuroplasticity 
by providing 
rapid cholinergic, 
noradrenergic, 
and serotonergic 
modulation.”

Mean FMA-UE score increased by 5·0 points (SD 
4·4) in the VNS group and by 2·4 points (3·8) in the 
control group (between-group difference 2·6, 95% 
CI 1·0–4·2, p=0·0014). 90 days after in-clinic 
therapy, a clinically meaningful response on the 
FMA-UE score was achieved in 23 (47%) of 53 
patients in the VNS group versus 13 (24%) of 55 
patients in the control group (between-group 
difference 24%, 6–41; p=0·0098).

Implanted VNS: Stroke



N=5 DOC
4 hours/day X 8 weeks
No adverse events
>3 point improvement on CRS-R

Transauricular VNS (taVNS): DoC



Transauricular VNS (taVNS): UE Function 



Subacute Stroke

N= 12 
• Repetitive training (300 reps) with  tVNS
• 18 sessions (6 weeks) 
• Significant improvements in UE sensory 

and motor function



Spinal Stimulation: Intent-Driven

https://www.nih.gov/news-events/nih-research-matters/new-insights-into-brain-s-motor-cortex



• Decreased corticospinal excitability of the tibialis 
anterior and medial gastrocnemius muscles in 
chronic stroke survivors  downregulation of 
spinal circuitry poststroke.

• Thus, upregulation of spinal circuitry could be 
a treatment target for individuals poststroke.

• Epidural SCS (5), transcutaneous spinal stimulation 
(4), transcranial direct current stimulation (5).

• 14 studies included in this review, 12 reported 
significant improvements in at least one 
neurophysiological or behavioral outcome

• 4/6 studies pairing SCS with training saw significant 
motor improvement

• Reduced spasticity in comparison to control or 
sham groups

• Improvements in gait speed and endurance
• Stimulation parameters variable
• No adverse events were reported in these studies

Spinal Stimulation

• Desired neurophysiological outcome after a 
tSCS intervention in stroke may involve 
decreasing spinal cord excitability in 
the paretic side, unlike in pathologies 
such as SCI where enhancement is 
sought. 

• Additionally, it raises the question of 
whether electrode placement in tSCS 
interventions for stroke should be 
adjusted, possibly towards lateral 
positioning, to selectively target one side 
over the other.



Evidence-based clinical practice guidelines provide a foundation for upper and 
lower extremity motor rehabilitation after brain injury.

TBI is a chronic condition, requiring rehabilitation strategies that target long-term 
recovery and adaptation.

Motor rehabilitation should be informed by a neural internetwork perspective, 
recognizing dynamic interactions across cortical, subcortical, and spinal circuits.

Aerobic exercise is a promising adjunct intervention that can influence motor, 
cognitive, and neurophysiological outcomes after TBI.

fNIRS offers a noninvasive window into treatment-related brain activity and may 
help characterize neural mechanisms underlying motor recovery.

Rigorous comparative effectiveness studies are needed to clarify the role of vagus 
nerve stimulation and other neuromodulation approaches in TBI rehabilitation.
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