
Managing the Hemiparetic 
Upper Extremity 

Treatment Interventions for Upper Extremity Hemiplegia

Comparing Evidence Based Treatment Approaches and How They Apply to Client Centered Rehabilitation  



“

”

A brain left to its own devices, 
without facilitation and structure, 
does not move to its highest level.

Chris Hagen



“

”

Based on the strengths and limitations of decades 
of research, clinicians need clarity on the difference 
between evidence-based practice and experimental 
practice.  Many models have stood the test of time 
and vigorous tiers of research.  Others are new and 
intoxicating in their novelty, but the depths of their 
testing is still up for debate.  ”       

- Steve Childress



Arm and Hand Function: What do we need it 
for? 

 Support and Balance

 Pushing and Pulling

 Holding and Carrying

 Manipulating

 Reaching

 Sensing 

 Throwing 

 Tool use

 Communicating and Gesturing

 Intimacy 

“Do the treatment strategies I use with my client(s) empower them to 
regain these functions?” 

“Do the treatment strategies I use allow my client (s) to achieve as 
many of these skills as possible?” 

“Can the movements / skills I address be carried over to other 
functions, activities, roles, demands, etc?”  



Support and Balance



Pushing 



Pulling 



The Neuro Plasticity Bus

Are you driving it or are you riding along? 
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Neuroplasticity
How to get it, How to drive it

 Remediation (where possible)-

 Guiding individual toward efficient motor movement strategies for task performance.

 Goal:  The largest repertoire of movement possible. 

 More motor skills = more options 

 Assessment and Treatment are constantly integrated 

 Are they ready for more complexity , less complexity?  Just right as it is?  

 Assessment is always ongoing!!! 

 Task selection

 Use your eyes, use your hands. 

 Watch it, feel it, grade it!

 Facilitate & Inhibit Simultaneously-

 Encourage- efficient motor strategies

 Discourage- maladaptive movements

 Use your words, use your hands (feet, hips, knees, forearms, etc)

 Get creative with “biofeedback”.  

.  

Roby-Brami et al, 2003



 Maintain optimal Level of Difficulty

 “Just Right Challenge” 

 Integration of Affected Extremities in  Functional Tasks

 Activity Dependent Plasticity

 Skillful manipulation of motor practice variables. 



 Characteristics that maximize motor learning

 Task complexity

 Cognitive engagement vs. exercise- active problem solving

 Task difficulty/intensity

 New skill acquisition vs. repetition of current abilities

 Characteristics that maximize motor learning 

 Task specificity

 Sensory experience influence

Neuroplasticity
How to get it, how to drive it. 

Bayona, Bitenski, Salter, Teasell (2005)



Utilizing Principles of NDT to 
accomplish graded improved use of 
hemiparetic UE into daily life tasks 

The arm bone is attached to the trunk bones!  The trunk bone is attached to the leg bones!  They are 
all driven by the head bone! 



Arm/Hand on Stationary Surface: Low

Goal: UE use in Balance and Support



Arm on Stationary Surface: Moving Body away from 
Arm/Hand (Arm on Body)

Goal: Precursor to active reach.  Active recruitment of movements opposite of maladaptive synergy patterns 
and spasticity bias.  



Developing Range in Active Support
Body away from arm/hand (Body on Arm) 

Goal: Developing Range of motion to move through various planes of motion at multiple joints. 



Transitional Movements

Goal:  Use of UE to assist with transitions of body positions while integrating LE and trunk movements.  
(Whole body task- not just UE specific) 



Isometric Activities 

Goal: Isometric strength required for carrying objects.  Bilateral in this scenario 



Dynamic transitions of isometric, to concentric to 
eccentric movements for carrying and transporting.  

Goal: Replicating real life transitions of muscle control to move objects through functional ranges of motion



Bimanual- Carrying with Transitions 

Goal: Performing carrying and transporting motor functions integrated with walking/gait.  Whole body function. 



Let’s Get Vertical- Partial Weight Bearing

Goal: Developing active control in higher ranges opposite of maladaptive synergies. 
Pre-cursor for anti-gravity open chain reach in higher ranges and pushing objects in higher ranges.  



Let’s Get Mobile

Goal:  Concentric and eccentric control of reaching motions opposite of maladaptive 
synergies/compensations.   



BOS With Reach

Goal: Integrating  base of support demands with active reaching to functional objects.  
Active reaching isn’t always upward. 
Active reaching requires more than just a shoulder and an elbow.  



Arm with Body- Vertical

Goal:  Active pushing with increasing resistance / force requirements in vertical ranges of motion.  
Integration of base of support and trunk requirements to perform task.  



Adding Complexity- Multiple Joint 
Coordination

Goal: Multi joint coordination needed to don and doff hat.  
Bilateral object used to reduce weight of arm in closed chain.  Realistic sequence   
of several joints moving through the functional task (timing, goal directed, sequences  
of movement)  



Let’s Get Functional 

Goal:  Increase complexity of movements in more complex functional scenarios as patient gains the ability. 
Bilateral task: Both arms are performing different movements.  



Evidence Based Treatment 
Interventions for UE Recovery 

“MAY”



“

”

The current literature fails to account 
for the complexity of factors including 
personal and environmental ones that 
influence the individuals’ state of 
functioning and the outcomes of 
rehabilitation interventions.

Gutenbrunner & Nugraha, 2020

Decision Making in Evidence Based Medicine- Proposing a Forth Factor.  



Client Centered Practice Model 

 Patient’s status of well being and rehabilitation outcomes are heavily influenced by their individual 
circumstances (social determinants of health, personal beliefs, motivations, education, emotional status, 
etc).  



Influencers of Clinical Decision Making 

Health System: Insurance, staffing, equipment, 
economy, access to evidence-based literature, time 
constraints of staff, productivity expectations, quality 
of training, rules and regulations, etc…

Clinical Judgement:  
- Fills in the gaps (does literature explain it all?)
- Which intervention is best for this client?  

- This situation? 

Patient’s Values, Goals, & Preferences: 
- Which intervention is most likely to fit with this 

individual ?  

Relevant Scientific Evidence: 
- Understanding it 
- Critiquing it
- Applying it   



Evidence Based Practice in Neuro-rehabilitation 
 Goal of EBP- Use the scientific knowledge gained in research in clinical practice.  

 Cannot be done without clinicians 

 “Clinicians have a moral responsibility to know about the strength of available evidence and to consider this when making decisions about 
clinical management.” 

 Example- Treating a Child with CP has a dauting number of considerations

 Child’s age, type of CP, Motor ability, cognitive ability, behavior and motivation, family involvement and support, home environment, and 
education placement. 

 Results from RCT’s are not directly applicable to an individual patient.  

 Clinicians are left with the need to make “interpretive leaps” 

 What evidence best supports each individual patient? 

 Hierarchy of Clinical Trials- How does this fit into Neuro-Rehabilitation clinical practice?  

 Hierarchy is derived from medicine and pharmacological research– point blank and straight forward.  

 Neuro-Rehabilitation is behavioral in nature

 Highly dependent on therapist – patient interactions. 

 Highly dependent on the individual factors surrounding the individual client. 



Evidence Based Practice 
 Lack of Core UE Outcomes

 Quality of Evidence is directly impacted by the Quality of Outcome Measures

 As movement science has evolved, have our outcome measures evolved/improved at the same rate?  

 Fugl Meyer: Developed in 1975

 ARAT: 1981

 FIM- Developed in 1983

 Miller et al – suggesting an implementation of Core UE Outcomes that all UE studies would adopt. 

 Reduce variability in assessments leading to lack of apples-to-apples comparisons.  

 Does better UE impairment outcomes directly affect functional outcomes?  

 FIM , Barthel – ceiling affects, biased toward learned non-use (increased function through compensation). 

 Lack of quality outcome measures for  IADL.   



Evidence Based Review: Critiquing how 
studies apply to your patients

Wiseman-Hakes et al (2005) 

• Client centered practice: 
• My patient is an individual with: 

• Unique goals, interests, 
motivations, SES, support systems, 
education, cognitive status, 
physical status, etc.  

• Treatment interventions should reflect your 
patient’s unique factors

• Does EBP support this?  



Research Participants vs. Real World Patients

 Example of Exclusion Criteria from a common study of Upper Extremity Rehabilitation

 Does this Reflect the Patients we see in clinic every day?  



Lessons from the LEAPS Trial 
 Clinical Question:  Am I performing Evidence Based Practice or am I performing experimental 

practice?  

 The Locomotor Experience Applied Post-Stroke (LEAPS)

 Body Weight supported Treadmill Walking.  

 Positive Effects in small trials .  

 Sold A LOT of LiteGait Systems.  

 LEAPS Study was a Multi-Center RCT from 6 Clinical Centers with 408 

Study participants.  

Result: Locomotor training, including the use of body-weight support in 

stepping on a treadmill, was not shown to be superior to progressive exercise at home managed by a 

physical therapist.



Investigating Current EBP 
for Hemiplegic UE Neuro-

Recovery 
Finding the Pathway from Research to my Patient



Mass Practice
 No study has systematically determined a critical threshold of rehab intensity needed to obtain a 

benefit (MacLellan et al 2011).

 Assumptions: 

 If threshold is not reached-

 there is less recovery of the affected arm

 Patients develop compensatory movements (Schweighofer et al 2009).

 The Big Question:  Where is the threshold???? 

 Lang et al. (2007) 

 found practice of task-specific, functional upper extremity movements occurred in only 51% of rehab sessions.

 Average number of repetitions per session was only 32

 Technology (video gaming, robotics) may be necessary to achieve the maximum number of reps 
(Saposnik et al. 2010).



Task Oriented Training
 Likely the most researched and accepted Practice Model in stroke recovery.  

 Emergent movement kinematics are organized differently for real objects vs. simulated. 

 Virtual reality?  

 Upper limb kinematics more efficient reaching for a telephone vs. reaching for a stick. 

 Practice of problem solving- more effective for learning than drill like repetition.  

 At least 3 ingredients must be involved:

 Be challenging – solve the motor problem 

 Be progressive and optimally adapted

 Solicit active participation 

 “Intensity” in the literature has defied a clearly accepted 

definition.   



Task Oriented Training and ASAP – The ICARE RCT
(Accelerated Skill Acquisition Program) 

 Weinstein, Wolf, et al.  

 Comparison of “Structured TOT Program vs. Usual and Customary OT.  

 Phase 3, Single Blinded Trial

 N= 361 Participants  from 7 hospitals.  

 ASAP

 Dose equivalent OT (DEUCC) group  : 30 1 hour sessions x 10 weeks 

 Monitoring only OT (UCC) : Only monitored regardless of dose. 



TOT and ASAP – Results of the ICARE Trial 
 Typical outpatient treatment sessions last 36 minutes

 Patients engage in an average of only 12 purposeful actions within an otherwise “unstructured 
treatment session.”

 “This program is principle based, impairment focused, task specific, intense, engaging, collaborative, 
self-directed, and patient centered; it has been previously described and feasibility tested”

 Primary Outcome Measure:  Wolf Motor Function Test 

 Secondary Outcome Measure:  Stroke Impact Scale (Hand section).  

 “The results suggest that usual and customary community-based therapy, 
provided during the typical outpatient rehabilitation time window by licensed 
therapists, improves upper extremity motor function and that more than 
doubling the dose of therapy does not lead to meaningful differences in motor 
outcomes.” 

 More dosage may not mean “more better.” 

 Is there a dose ceiling?    



NDT- Neuro Developmental Treatment
 Developed by Bobath when lack of neuroscience research was available.  

 As evidence has evolved, NDT’s  guiding principles and treatment approach(es) has adapted  

 Unique Concepts: 

 Priority: Maximize motor recovery and function becomes WAY EASIER

 Functional Compensations for Safety– progress away from “easiest” to “what gets you to the next level” 

 ie. Weak arm in the jacket first , up with the good leg– down with the bad leg

 Teach patients to move in the most (normal) efficient way possible.  

 POSTURE MATTERS!   A LOT

 All body parts must work together eventually, why not include them all as early as possible?  

 Quality of movement can be trained.  

 Hands on a patient can teach them lots…..  LOTS!

 Priority of impairments- “If I could only fix one thing, what would have the biggest impact?” 



NDT Enablement Model 
Life Roles , 

Patient Goals, 
Priorities 

Body Functions/ 
structures

Movement 
Demands 
Required 

Environmental 
Contexts / 

Factors 

Functional 
Activities 

 Fits into the Patient Centered Model of Care / Rehabilitation.  

 Increase Functional Participation and Independence through remediation of maladaptive movement patterns. 

 Top-Down Approach vs. Bottom Up.  
 Or somewhere in the middle

 Remediation of efficient movement  = Ability to function in various environments.  
 Flexible Independence
 Whole Body Approach 
 Environmental change= no problem 



NDT

 Slammed by academicians

 Lack of evidence

 Takes too long

 Does not support intensity of practice 

 When I say intensity, I mean repetitions/mass practice, not complexity.  NDT totally supports complexity.   

 “Researching NDT is like…..hard” 

 Treatment philosophy- not protocol

 There are many right answers 

 Skill of the clinician matters 

 Not all patients are the same



Constraint Induced and Modified Constraint 
Induced Therapy Constraint Induced Modified Constraint Induced 

2-3 week training program ~10 week training program 

Constraint wear= 90% of waking 
hours

Constraint wear varies study to 
study (3-6 hours) 

3-6 hours of intense upper 
extremity training (in person 
session) . 

45 minutes of intense upper 
extremity training 
3 days per week

Transfer package Transfer package 

Two key features: 
1) Constraint of the unaffected 
arm
2) Mass practice of affected arm

Overcoming “learned nonuse” 

Use dependent cortical reorganization

Suitable Candidates : 
- At least 20 degrees of active     

wrist ext
- 10 degrees of active finger ext
- minimal sensory or cognitive  

deficits

In the EXCITE trial, only 6.3% of 
patients screened were eligible



Constraint Induced Therapy 
 Necessary Ingredients for CIT

 Shaping: Motor task is gradually made for challenging or less challenging 

 Task Practice

 Transfer Package

 Behavioral techniques that transfers gains from clinical setting to the real world

 Transfer Package: 

 Behavioral Contract: Must be signed and visible in patient’s home at all times.

 Motor Activity Log is performed each session (14 items) 

 Active problem solving is performed to encourage increased MAL scores between 
sessions. 

 Rich feedback from therapist, positive encouragement, regular systemic 
encouragement. 

 CIT Primary Purpose: Increase the amount of UE use in daily practice

 “Constraint induced therapy is very rarely pretty” 

 Little to no attention on Quality of Movement Shown here: Modified take home version 



Constraint Induced Therapy 
 In the acute phase: 

 Etoom et al. (2016) :  Performed 36 trial Meta-analysis

 Found that CIT performed in the first 6 months : non-significant effect

 Conflicting evidence of timing

 Taub & Morris 2001 showed benefit

 VECTORS Trial (Dromerick et al. 2009) : found evidence that it may be harmful

 Inverse effect using the ARAT 

 Some controversy regarding activity dependent lesion enlargement 

 Chronic Phase

 Hundreds of small studies performed 

 Largest study was the EXCITE study

 222 subject multi site study over 3 year period. 

 Strongest evidence to date supporting CIT

 Subjects with CIT showed improved WMFT and MAL scores. 

 Maintained at 12 and 24 month follow up.   



CIT 
 Other considerations

 Ambulatory devices?????

 $$$$$ Cost- lack of coverage for traditional model. 

 Modified model is even challenging if documentation names the treatment by it’s name. 

 Encouragement was made to only describe movements, exercises, ect

 Patients who qualify:  Need to have a strong motivation and high frustration tolerance.  

 Roots for CIT: 

 Founder/Inventor: Dr. Edward Taub was a psychologist

 Many of the CIT Providers are psychologists ; not PT/OTs

 They know psychology, not movement!!



Trunk Restraint Therapy 
 Studied throughout the 1980’s to modern day.  

 Treatment approach: Perform active reaching and grasping in a chair with a restraint preventing forward leaning or 
compensatory trunk movements.  

 Trunk compensations:  Often utilized by stroke patients to replace shoulder movement in forward reach.

 Does inhibiting trunk movement foster improved movement at the shoulder?  

Results:  Trunk restraint group showed improved active range of 
motion at the shoulder and elbow than control groups.  

Take away:  Restricting compensatory movements enhances 
motor recovery at the proximal UE.  



Electrical Stimulation (FES, NMES).  

 2 Comparison patterns- – ETP 
(experimental therapy programs) vs. no 
treatment – ETP vs. placebo –
Experimental vs. Conventional pooled 
results from 31 studies.

 Results: – 6 experimental treatment 
programs were found to be beneficial for 
stroke recovery include: 

 CIMT 

 FES Motor 

 Mirror therapy

 Mixed approach

 Robot assisted 

 Task oriented training



Electrical Stimulation (FES, NMES). 

 Sub-group analysis: – showed that experimental studies were not superior to 
conventional treatment, regardless of intensity.” 

 “Experimental training programs can be considered optional but 
not mandatory substitutions to conventional training.”

 After years of searching for experimental treatment programs, 
researchers have yet to identify one treatment that is more 
effective than conventional training.” 



Functional Electrical Stimulation 
 Impact on ADL: – 7 studies were suitable 

for review based on authors’ criteria for the 
data provided. 

 No difference was found between FES and 
control groups 

 Significant benefit of FES: shown when 
started in the acute phase. 

 Chronic Phase: (after 1 year) 

 no difference was observed. 

Franciso et al (1998):  Significantly improved results if FES initiated 
within 2 months. 

Mangold et al reported improvement in the Barthel Index hand subscore
within 2 months.

Timing of FES:  Strongest benefit if started prior to 2 months post stroke. 
Unlikely benefit after 12 months post stroke.  



Functional Electrical Stimulation- Lin et. al 
(cont) 

 Impairment or “Tasks” (tasks) Based Studies

 17 studies included –

 7 studies using the FMA-

 FES showed a statistically significant difference. 

 Studies supported improvement when FES started within 2 months CVA 

 Past 1 year-> suggests little treatment effect would be anticipated 

 Box and Blocks used as  Outcome Based Measure

 Showed no significant difference. 

 Very low participant numbers (n=30 tx group and 24 control) 

 Chronic stroke bias? - All performed after 1 year- Eraifej et al, 2017 (continued)



Functional Electrical Stimulation- Lin et. al 
(cont) 

 All of these studies scored very low on the quality using the GRADE subscale 

 Poor patient blinding, substantial heterogeneity, low participant numbers 

 “This systematic review found insufficient evidence of 
clinical benefit to support use of FES in clinical practice; 
however this may reflect a lack of high-quality trials in the 
field.“ 

 Suggests need for an RCT that includes intervention groups at 2 different time points to 
clarify the optimal time window.



Mirror Therapy 

 Advantage to Mirror Therapy:  Can be used in even completely hemiparetic stroke survivors.  

 Unlike other varied approaches.  

 28 Studies including RCTs.  

 Motor Impairment: Was reduced in all but 5 studies- using FMA. 

 Dexterity, fine motor, gross motor:   Improvement in 10 of the 28 studies. 

 Spasticity:  Only measured in 4 of the 28 studies.  

 3 of the 4 showed no significant effect. 

 Sensation:  6 of 28 studies measured sensation.  

 4 of 6 report improved response to noxious, tactile, or temperature. 



Mirror Therapy 

 12 of 28 studies studied chronic stroke.  

 16 of the remaining studies might be biased by spontaneous recovery.  

 Intervention Details: 

 Varies greatly

 50% of studies included bilateral training; 50% used only unaffected UE motor training.  

 4 studied used Task based activities.  

 Intensity: 

 Varies from 1 week to 8 weeks.  

 Frequencies ranges from 3-5 sessions per week.  

 Sessions range from 20-60 minutes.  

 Control groups:  Vary greatly.  

 Poor consistently in intensity, frequency or sham vs. “conventional therapy.” 



Mirror Therapy 

 Limitations in Studies: 

 Small sample sizes were included in nearly all studies.  

 Mechanism of the mirror box : 

 Does not allow for reaching activates such as overhead motion or rotation.  

 Improvements in proximal movements less pronounced than distal improvements in wrist and 
hand motion 

 Lack of Quality of movement analyzed.  



Mirror Therapy

 11 Trials with a total of 347 patients. 

 172 Received MT ; 175 underwent conventional rehabilitation. 

 Total of 4, 072 records were identified, of which 11 trials were included.  

 7 Studies included chronic stroke greater than 6 months.  

 Intervention: Ranged from 400 minutes to 1920 minutes



Mirror Therapy 

 Limitations of the Studies Meta-analysis 

 Unable to draw clear definitive conclusion that MT was the primary factor driving recovery. 

 Significant heterogeneity

 Large Range of motor severity. 

 Bruunstrom level 1 to IV

 Higher levels of recovery at time of study usually indicate larger improvement. 

 Large mean age of study participants (45 to 64.9 years old). 

 Research that shows younger survivors show more recovery vs. older survivors.  

 Risks of bias in the included studies were varied.  



Virtual Reality 

 72 trials - 2470 participants. 

 35 new studies (in addition to the studies included in the previous version of this 
review). 

 Study sample sizes were generally small

 Interventions varied in terms of both the goals of treatment and the VR devices used. 

 “While there are a large number of randomized controlled trials, the 

evidence remains mostly low quality when rated using the GRADE system. “

 Control groups usually received no intervention or therapy based on a standard-care 

approach. 



Virtual Reality 

 Primary outcome: “results were not statistically significant for upper limb function “

 when comparing virtual reality to conventional therapy. 

 However, VR in addition to usual care = a statistically significant difference 

between groups 

 Supports use of treatment model as an adjunct to standard care– not a replacement!

 Results were statistically significant for the activities of daily living (ADL) outcome  (moderate-quality evidence); 



Virtual Reality 

Authors' conclusions 

 “We found evidence that the use of virtual reality and interactive video gaming was not more 

beneficial than conventional therapy approaches”

 “VR may be beneficial in improving upper limb function and activities of daily living function when 

used as an adjunct to usual care (to increase overall therapy time).” 

 “ There was a trend suggesting that higher dose (more than 15 hours of total intervention) was 

preferable as were customized virtual reality programs” ; however, these findings were not 

statistically significant.



Virtual Reality 

 Results: 

 On average, VR or gaming interventions produced an improvement of 28.5% of the maximal 
possible improvement. 

 Dose and severity of motor impairment did not significantly influence rehabilitation outcomes. 

 Treatment gains were significantly larger overall (10.8%) when the computerized training 
involved a gaming component vs just visual feedback.

 VR or gaming interventions showed a significant treatment advantage (10.4%) over active 
control treatments.

38 Articles published (2005-2019.)

The primary outcome: 

• Proportional improvement on the Wolf  

Motor Functioning Test, Fugl-Meyer, or 

Action Research Arm Test. 



Virtual Reality 

 Conclusions: 

“Overall, VR- or gaming-based upper extremity rehabilitation poststroke appears to be more 

effective than conventional methods.” 

“ Further in-depth study of variables affecting improvement, such as individual motor 

presentation, treatment dose, and the relationship between them, are needed.”



Robotics 

 55 RCTs including 2664 patients.  

 Primary Purpose: 

 Effect on ADLs 

 Effect on impairment related movement/function

 “The Results of Robotic – assisted arm therapy were comparable to 
conventional therapy” 

 “Indirect comparisons show that no one type of robotic device is any better or any 
worse than any other device, providing no clear evidence to support the selection of 
specific types of robotic devices”  



Robotics 

 Eleven RCTs involving 493 participants were included for review.

 Effects of RT when compared to usual care on motor control, functional 
independence, upper extremity performance, muscle tone, and quality of life were 
similar to conventional therapy.

 The quality of this evidence was generally rated as low-to-moderate.



Therapist Challenge: 

Patient

(interests, goals, 
roles, functions, 

impairment level, 
social support, 

ect)

Task 
Oriented 
Therapy

FES

NDT

Virtual 
Reality

Robotics

Constraint 
Induced 
Therapy

Mass 
Practice

Integrating the Strengths of Each Model to the 
Individual Patient. 

A patient motivated by VR- may thrive in this as their HEP vs. 
exercises.  

Possible to integrate many of the concepts of CIT without the 
mitt.  

Should HEPs be more task based when the client has the 
capacity to reach in low planes without maladaptive 
movement patterns?  

It should really be the mission for the therapist to understand as 
much as  possible on ALL of these treatment modalities so that 
combining these strategies can be possible.  
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