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Constraint Induced Movement Therapy (CIMT) is a rehabilitative strategy used 

primarily with the post-stroke population to increase the functional use of the 

neurologically-weaker upper-extremity through massed practice while restraining the 

lesser-involved upper-extremity.  While solid research evidence supports CIMT, limited 

evidence exists regarding the specific characteristics of individuals who benefit most 

from this intervention.  The goal of this study was to determine functional and descriptive 

predictors for CIMT outcomes.  A convenience sample of 55 individuals post-stroke was 

recruited that met specific inclusion and exclusion criteria.  These individuals participated 

in CIMT 6-hours per day, for two weeks with restraint of their more-affected upper-

extremity.  Pre-test, post-test and follow-up assessments were performed to assess the 

outcomes for the Wolf Motor Function Test (WMFT) and the amount section of the 

Motor Activity Log (MALa).  The potential functional predictors for Experiment I were 

xiii 



minimal motor criteria, finger extension, grip strength, Fugl-Meyer upper-extremity 

motor score, and the Frenchay score.  The potential descriptive predictors for 

Experiment II were side of stroke, time since stroke, hand dominance, age, gender, and 

ambulatory status.   A step-wise regression analysis was used in which the group of 

potential predictors was entered in a linear regression model with simultaneous entry of 

the dependent variables’ pre-test score as the covariate.  Two regressions models were 

determined for each dependent variable per experiment, one for the immediate post-test 

and one for the follow-up post-test.   For Experiment I, finger extension was the only 

significant predictor of WMFT outcomes.    Minimal motor criteria and upper-extremity 

Fugl-Meyer motor score were predictive of the MALa immediately following therapy, 

but only the Fugl-Meyer score was predictive of outcomes at the follow-up post-test.  For 

Experiment II, ambulatory status and age were the only descriptive characteristics 

predictive of MALa outcomes for the immediate post-test and follow-up post-test, 

respectively.  None of the potential descriptive predictors showed a predictive 

relationship with the WMFT in Experiment II.  These experiments provide the most 

comprehensive investigation of predictors of CIMT outcomes to date.   Further 

substantiation of these findings in more diverse samples is warranted in order to meet the 

urgent need of determining the appropriate candidates for CIMT.     
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CHAPTER 1 
INTRODUCTION:  CONSTRAINT-INDUCED MOVEMENT THERAPY 

The number of stroke survivors has almost doubled over the last 25 years,1,2 and is 

predicted to double again in the next 50 years.3  Currently, stroke is the leading cause of 

disability in the United States3 and costs the American public more than 43 billion dollars 

per year.4,5  More than half4 of the 4.7 million stroke survivors3 have residual motor 

disability, and of these, 30-66 percent have a nonfunctional paretic arm.5   Undeniably, 

rehabilitative strategies aimed at reducing stroke related disabilities are important to this 

growing population.  Currently, few traditional rehabilitation methods have been proven 

effective in the treatment of stroke survivors.6    

Constraint Induced Movement Therapy (CIMT) is a rehabilitative strategy used 

primarily with the post-stroke population.  This therapy increases the functional use of 

the neurologically weaker upper-extremity through massed practice while restraining the 

lesser involved upper-extremity.1   CIMT is reported to significantly improve functional 

use of the upper extremity in 20 to 25 percent of people with chronic stroke disability.1  

Limited evidence exists, however, regarding the specific characteristics of individuals 

who benefit most from this intervention.  The goal of this research was to determine the 

predictive factors of functional improvements following traditional CIMT.   

The identification of clinical predictors for outcomes of CIMT is of value to both 

research and clinical settings.7  This will help target the individuals who benefit most 

from this intervention.  The goal of this study was to establish clinically relevant and 

usable regression models, not extensive or comprehensive models.  Extensive 
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multivariate models are often difficult to use and, therefore, have little value because they 

are less readily incorporated.8  In addition, more comprehensive models often have little 

more predictive value then simple clinical predictors.9  The goal of this research was to 

establish a predictive model that can identify individuals, based on their functional level 

and descriptive factors, who have better outcomes with CIMT.  The following aims will 

be addressed. 

Research Aims and Hypotheses 

Experiment I 

General aim 1:  Determine functional predictors of upper-extremity Movement 
Capability for CIMT      

Specific aim 1.  To determine the relationship of five functional predictors 

(minimal motor criteria level, finger extension, grip strength, upper extremity Fugl-

Meyer, and Frenchay Activities Scale) to the timed component of the Wolf Motor 

Function Test, a test of movement capability.  

Hypothesis 1.  All five predictors will be included as significant predictors in the 

regression model for the test of movement capability at the immediate post-test and 

follow-up post-test.  

General aim 2:  Determine functional predictors of upper-extremity Amount of Use 
for CIMT   

Specific aim 2.  To determine the relationship of the same five predictors to the 

amount component of the Motor Activity Log, a test of perceived use. 

Hypothesis 2.  All five predictors will be included as significant predictors in the 

regression model for the test of perceived use at the immediate post-test and follow-up 

post-test. 
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Experiment II 

General aim 3:  Determine descriptive predictors of upper-extremity Movement 
Capability for CIMT      

Specific aim 3.  To determine the relationship of six descriptive predictors (side of 

stroke, time since stroke, dominance, age, gender, and ambulatory status) to the timed 

component of the Wolf Motor Function Test, a test of movement capability.  

Hypothesis 3.  All six predictors will be included as significant predictors in the 

regression model for the test of movement capability at the immediate post-test and 

follow-up post-test.  

General aim 4:  Determine descriptive predictors of upper-extremity Amount of Use 
for CIMT   

Specific aim 4.  To determine the relationship of the same six descriptive 

predictors to the amount component of the Motor Activity Log, a test of perceived use. 

Hypothesis 4.  All six descriptive predictors will be included as significant 

predictors in the regression model for the test of perceived use at the immediate post-test 

and follow-up post-tests  

Background and Significance 

Research evidence supports Constraint-Induced Movement Therapy (CIMT), but 

many questions persist about who can benefit from this therapy.1,2,6,10-25  CIMT is mainly 

used with the post-stroke population to increase the functional use of the neurologically-

weaker, upper-extremity (UE) through massed practice of hand and arm tasks while 

restraining the lesser involved UE.6   The goal of CIMT is to overcome learned non-use 

and to improve functional use of the more-affected UE.10  Originally tested in an animal 

model, the results of CIMT studies have demonstrated significant and lasting 

improvements of UE movement function.1,2,6,10-25   Edward Taub, Steven Wolf and their 
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colloborators have published extensively on the effectiveness of CIMT.1,2,6,10,11,13-18,20,25 

Together they have shown that CIMT significantly improves functional use of the UE of 

chronic stroke patients who meet what is termed “minimal motor criteria.” 1,14,26  Minimal 

motor criteria are defined as 20 degrees of wrist extension from a fully flexed position 

and 10 degrees of metacarpo-phalangeal (MCP) and proximal inter-phalangeal (IP) joint 

extension of the thumb and two fingers.27  Approximately 20 to 25 percent of individuals 

with stroke meet minimal motor criteria.1 Participants that initially have lower functional 

recovery who cannot meet these range requirements have had less improvements with 

traditional CIMT than patients with higher levels of motor ability.6  While Taub’s 

definition of CIMT is broad, encompassing a family of rehabilitation techniques, there 

are two main components that define CIMT: 1) constraint of the less-involved UE 90 

percent of waking hours forcing the use of  the more-involved UE, and 2) massed 

practice of the more-involved UE.2 

CIMT has primarily been researched in individuals who have chronic disability 

from stroke.1,2,6,11,12,15,16  Many rehabilitation specialists, however, accept the convention 

that motor function plateaus at approximately 6 to 12 months post-injury.  In fact, this 

conviction has been consistent for many years.  Ogden and Franz (pg. 32), in 1917, stated 

“it has long been believed that if improvement in motor ability does not occur in man 

within a period of two years following their cerebral accident, the paralysis is 

permanent.”28  The clinical stroke guidelines for physical therapy practice state that 

functional recovery occurring in the first six weeks after stroke is predictive of functional 

outcomes.29 This convention is currently being challenged by results from CIMT studies.  

CIMT focuses on the plasticity of the cortex and assumes that the nervous system always 
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remains plastic; thus, functional improvements can occur at any time following the 

insult.1  In fact, individuals as many as 18-years post-stroke have demonstrated 

improvements following CIMT.2    By engaging the hemiparetic UE in massed practice of 

functional tasks, CIMT is believed to alter the representation of this UE within the 

primary motor cortex.2  Studies in human and non-human primates have shown that the 

neural representation of hand muscles becomes enlarged when trained on a discrete motor 

skill.30-32  Two transcranial magnetic stimulation studies support activity-dependent, 

neurological changes following CIMT in survivors of stroke.33,34   Consequently, changes 

following CIMT have also been observed at the level of pathology/disease, as well as the 

level of body function/structures, activity, and participation.35 

CIMT results have recently been labeled the most promising evidence that motor 

recovery can occur in the post-stroke hand in patients who have some residual purposeful 

movement.36  While the evidence for CIMT is promising, many questions persist 

concerning who will benefit from this form of therapy.  Wolf et al. (2002, pg 331) stated 

that voluntary movements of wrist and finger extensors were “predictors of future 

acquisition of independent limb use” stating that the criteria established from 

electromyography studies would include about 20 to 25 percent of individuals post-

stroke, which has more recently been defined as those individuals who meet minimal 

motor criteria.18,26  The methodology used to determine this criteria, however, involved a 

small number of participants, and has not been replicated.1,26  Furthermore, CIMT has 

been investigated primarily in right-hand dominant individuals, who have had only one 

stroke at least a year prior to the intervention.17  This sample is not representative of all 

730,000 people per year that have a stroke,17 which begs the question, "Is CIMT a 
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potentially effective rehabilitation technique for other stroke populations?”  Recent pilot 

studies by Light (unpublished) have shown improvements in participants who do not 

meet the minimal traditional requirements.37  Initial studies by Taub et al. (1998) 

demonstrated that individuals with less than minimal motor criteria improve; however, 

these participants must present with a minimum of 10 degrees of extension of the wrist, 

thumb, and two fingers.6  According to Taub et al., this increases the applicability of 

CIMT to almost 50 percent of those who have had a stroke.6   Selection criteria for 

participation should be carefully examined to determine who benefits most from this 

intervention and to determine what items are predictive of CIMT success.  Stroke is the 

most common disabling condition with 30 to 66 percent of the individuals surviving 

losing functional ability in their more-affected arm and hand.2,38  The need for innovative 

rehabilitation is clear.  Currently, the individuals living with chronic stroke have few well-

researched and effective therapies available to them. Those individuals who benefit the 

most from CIMT need to be determined.  

Animal Studies 

The origins of CIMT are based on Taub’s early work with deafferented primates.39  

This was then followed by translational work in collaboration with Wolf on studies with 

humans post-stroke.11   Over 40 years ago Knapp et al. (1963) observed that monkeys did 

not use their UEs, in ”free situations,” following unilateral forelimb somatosensory 

deafferentation.40  When the intact UE was restrained, however, the deafferented limb 

became the only means by which the monkey could function.  The monkeys were, 

therefore, “forced” to use the deafferented limb and functional return was observed.  

Furthermore, if the constraint was used for 1-2 weeks, functional motor return could be 

permanent.1,2   
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These observations led to the formulation of a hypothesis to explain why restraint 

of an intact UE improves functional return of a weaker extremity.  Taub et al. first 

hypothesized that the functional return occurred because of a theory he termed “learned 

non-use,” and believed that it correlated with functional return observed in humans 

following an insult to the central nervous system.2   

A substantial neurological injury results in a depressed condition of motorneurons.  

This causes a shock-like phenomenon that usually results in a greater initial deficit, when 

compared to an individual’s condition following spontaneous recovery.1,6  The shock can 

either be at the level of the spinal cord, spinal shock, or at the brain, diaschisis or cortical 

shock.  A similar condition results with experimental-induced deafferentation in 

monkeys.  The experimental deafferentation causes neural shock rendering the monkey 

unable to perform motorically.1  After a period of time, however, the spinal shock 

decreases.  This results in less edema allowing greater potential for movement.  The 

period for shock in monkeys lasts from 2 to 6 months, during which time they are able to  

progressively regain the ability to use the affected limb.6   

During this period of shock, the monkeys are unable to use the surgically 

deafferented limb.  The animal attempts to use it immediately postoperatively and cannot.  

With continued attempts to use the arm, the monkey experiences pain, limited success 

and ineffective movement.  This leads to decreased use of that extremity.  The monkey 

learns that it can function quite well in its environment with its remaining three limbs, 

and is positively reinforced for this behavior.  For example, while using the unaffected 

arm the monkey is able to retrieve food, groom, and be active.  Conversely, attempts with 

the affected UE resulted in loss of food, possible falls, frustration, and general failure.2,22  
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These adverse conditions are understood as punishment, and thus result in a suppression 

of further attempts.  This cycle is known as learned non-use, because the monkey has 

learned not to use the affected UE.  This response of non-use continues several months 

into the time when the UE is no longer in shock and may be potentially functional.  The 

movement, therefore, is available just not accessed.  (See Figure 1-1, adapted from 

Morris et al. 1997.)2 

The goal of CIMT is to overcome learned non-use and to improve functional use of 

the affected UE.  Restraint of the unaffected arm, following the period of shock, 

necessitates use of the affected arm to perform activities.  The animal either uses the arm, 

or it cannot carry out the majority of daily activities.  This forced shift in motivation 

overcomes the early learned non-use.  Taub et al.2 found that the restraint must be used 

for one to two weeks to overcome the learned non-use phenomenon (See Figure 1-2, 

adapted from Morris et al. 1997).1,2   

Experimental testing of learned non-use   

Taub performed experiments to directly test the theory of non-use.39  Monkeys’ 

affected UEs were restrained immediately following a deafferentation surgery, during the 

period of spinal shock, thereby prohibiting the monkeys from using their injured arm 

during the period of spontaneous recovery.  This restraint prohibited the monkey from 

experiencing the negative reinforcement that corresponds with attempted use of the 

affected extremity during the shock period.  The hypothesis was that this forced non-use 

of the affected extremity should prevent the monkey from developing learned non-use.  

Following the period of spinal shock, the restraint was removed and the animals then 

used the affected side with more success and less pain because they were no longer  
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limited by the effects of spinal shock.  The animals were never limited by learned non-

use.2  

An additional study also directly tested the theory of learned non-use.  A small 

sample of monkeys received forearm deafferentation during the gestation period.41  The 

spinal shock period, therefore, was experienced during gestation while prenatal monkeys 

were constrained in the uterine environment.  These monkeys did not experience the 

negative reinforcement for attempted use of the affected UE.  At birth, the animals 

exhibited spontaneous and purposeful use of the affected UE, therefore demonstrating 

that the learned non-use did not occur because monkeys were able to utilize the 

deafferented arm at birth.  This constitutes another line of evidence for the learned non-

use theory.1,2 

Model and translation to human patients after stroke 

The early studies involving deafferented monkeys led to a testable hypothesis in 

humans with stroke.  The learned non-use principles could partially explain the typical 

motor recovery seen in individuals following stroke.  Whereas the deafferented monkeys 

experience spinal shock, patients suffering from stroke or brain injury would have a 

period of cortical shock.1  While a sensory deafferentation is not equivalent to that of a 

stroke, in which both motor and sensory pathways are disrupted, both result in a period of 

shock. 

The original attempts to utilize CIMT in humans to improve UE function following 

stroke and brain injury were performed with 25 subjects who were at least one year post-

lesion.11  The subjects chosen for the study had varying levels of residual motor control, 

but still demonstrated significant disability.  The subjects wore a sling on the uninvolved 

arm for two weeks, forcing use of the involved UE.  Participants were allowed to remove 
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the restraint for half an hour for exercise, bathing, and sleep.  No specific training was 

given for the therapy, just encouragement to use the affected UE.1 

For this initial study, the CIMT included pre- and post-tests using the Wolf Motor 

Function Test.  Wolf’s results demonstrated 90 percent improvement of timed scores.  

There was no apparent difference between right and left-sided hemiparesis and no 

difference noted between patients with stroke and with traumatic brain injury.  These data 

suggest that learned non-use can be reversed using CIMT in this sample of participants.11 

Taub et al. have also performed pilot work with CIMT.16  Nine subjects ranging 

from 1-18 years post stroke were included using similar inclusion requirements as Wolf.  

The subjects were randomly assigned to one of two groups.  The experimental group 

wore a restraint on the unaffected UE for all waking hours for 12 days, unless unsafe to 

do so.  They signed a behavioral contract, kept an activity log, and had guided activities 

at the clinic for seven hours per day for eight days of the 12 day session.  The attention-

control group did not wear a restraint, were encouraged to use the involved UE in 

activities during clinic hours, and had two placebo physical therapy sessions and 

instruction in a home exercise program, consisting of passive range of motion exercises.16 

The experimental group demonstrated significant improvements in motor function 

tests and actual amount of use tests.  The attention-control group did not show significant 

improvement.  More importantly, the gains the experimental group demonstrated were 

completely maintained two years after the intervention.1,16  Continued clinical trials are 

being performed to address other populations, optimal time periods and different modes 

of CIMT.42,43 

 



12 

In addition to the restraint of the UE, various training techniques were researched to 

understand which may complement the condition of restraint and improve functional use 

of the UE.  Shaping, a training technique, was used as an adjunct to the restraint to 

complement the forced-use and in an attempt to regain improved motor skills.  Shaping is 

a training procedure that uses successive steps to gain a desired motor outcome and 

allows for performance gains with small amounts of motor return.  Shaping was found to 

advance motor recovery more than the restraint alone.1,2 

Rehabilitation researchers have yet to identify a truly effective treatment for upper-

limb hemiparesis6 and, therefore, they are continuously searching for improved 

approaches. Consequently, new treatment methods, such as CIMT, are often accepted 

before the relevance of the therapy to particular clients is clearly understood.  

Understanding the functional and descriptive predictors of CIMT can help researchers 

and clinicians target the appropriate populations for this intervention.  The goal of this 

project was to determine the characteristics of those who benefit most from CIMT. 

Predictors of Success with CIMT 

The following possible predictors for outcomes following CIMT were investigated.  

For Experiment 1, five functional predictors are investigated: 1) minimal motor criteria 

level, 2) amount of finger extension, 3) amount of grip strength, 4) upper extremity Fugl-

Meyer score and, 5) score of the Frenchay Activities Scale.  For Experiment 2, six 

descriptive predictors are investigated: 1) side of stroke, 2) time since stroke, 3) hand 

dominance, 4) age, 5) gender, and 6) ambulatory status.   These predictors were included 

in the regression model for several reasons.  First, many of these predictors appear in 

stroke rehabilitation research as predictors of other outcomes, such as differing 

therapeutic interventions, return to function, and return to life roles.  Second, these 
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predictors are often discussed in CIMT literature as having a potential to impact 

outcomes.  Third, some predictors demonstrated strong predictive value in the pilot 

studies (Appendix A).  Each of these are further defined and explained in the following 

text. 

Functional potential predictors 

Minimal motor criteria level.  CIMT appears to be effective in improving 

movement capabilities in a subset of approximately 20 to 25 percent stroke survivors who 

meet minimal motor criteria, demonstrating a relatively high level of hand and wrist 

control.17 In a small sample Taub and Uswatte found that lower functional recovery of the 

hand wrist was related to poorer improvements compared with those with higher levels of 

motor ability.44  Despite this finding, individuals with lower functional recovery of the 

hand and arm may still have significant success from participating in CIMT.  Since 

current selection criterion for CIMT needed further attention, we have expanded selection 

criteria in the current CIMT research to include individuals that did not meet traditional 

minimal motor criteria level.  Participants were divided into one of two functional 

categories, identified as high functioning and low functioning.  High functioning 

participants met traditional minimal-motor criteria of 20 degrees of extension at the wrist 

from a relaxed flexed position, and 10 degrees of extension of two fingers and the thumb 

at the MCP and PIP joints.  The low functioning participants had to demonstrate trace 

evidence of wrist extension from a relaxed flexed position a minimum of three times in a 

one-minute period.  In addition, they needed to slightly extend (no degree requirements) 

two fingers at any joint from the same relaxed flexed position.    Inclusion of this lower 

functioning group, those that do not meet minimal motor criteria, will aid in clarifying the 

necessity of this baseline criteria for participation in CIMT studies.  Specifically, if 
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minimal motor criteria is not a predictor, it may not be an appropriate determinant of 

CIMT participation. 

Finger extension and grasp release.  Finger extension is essential to functional 

movement of the hand.  Individuals post-stroke, however, often present with limited or 

reduced ability to perform both fine and gross movements of the hand.45  Secondary to 

the intrinsic hand muscle hypertonia, which is commonly present post-stroke, controlled 

grasping is often very difficult.  Individuals frequently can grasp objects via a massed 

grasp; however, this often requires recruitment of abnormal movement patterns.  

Furthermore, individuals post-stroke often have greater difficulty releasing an object than 

grasping.45  Difficulty releasing objects may be due to a flexor synergy that effectively 

limits isolation of joint movements out of synergy. 

For the purpose of this study, finger extension and grasp release was defined as the 

ability to actively release a mass flexion grasp as defined by Fugl-Meyer assessment.  It 

is graded as follows.  A “0” was given if the individual is unable to release the grasp, a 

“1” if the participant could partially release the mass flexion grasp, and a “2” if the 

participant could fully extend their fingers from the starting grasp position.46   Finger 

extension/grasp release; therefore, is defined as release of a mass flexion grasp and hand 

opening.  Finger extension plays a role in functional use of a hand; therefore, it was 

included as a predictor for CIMT.   

Grip strength.  Grip strength was used as a potential predictor in the regression 

model because of  its prevalence in the literature as a measure of outcome post-stroke47-49  

and as a predictor of outcomes.50-56  For example, the absence of measurable grip strength 

at one-month post stroke is predictive of poor upper-extremity functional recovery.5,57-59  
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In contrast, early return of active grasping is a positive prognostic sign.5,58,59  Although 

grip strength is strongly associated with chronological age,60 independent of this 

relationship, it is a powerful predictor of disability, morbidity, and mortality.53   Low grip 

strength is associated with disability, while there are strong relationships between mid-

life measurements of grip-strength to predictions of long-term survival.52,61    

For this project, grip strength was assessed using standard grip strength 

dynamometry techniques62 using a Jamar dynamometer at level three setting.  Standard 

methods for handheld dynamometry and the reliability of the testing have been well 

established.62 

Upper-extremity Fugl-Meyer motor score.  The Fugl-Meyer Assessment is a 

measurement of the percent recovery of a person following a stroke that provides 

objective and quantifiable assessment of motor function63 and was designed primarily for 

use in rehabilitation settings.  The test is organized according to Brunnstrom levels of 

recovery and is divided into five sequential recovery stages.63  The Fugl-Meyer motor 

component is an assessment of ability to move in/out of synergy, reflexes, wrist stability, 

grasping ability, and coordination (Appendix B).  The validity of the Fugl-Meyer is good 

and overall reliability is high (intraclass correlation coefficient of 0.96).46  This 

standardized assessment is also often used as a measure of function in stroke 

rehabilitation studies1,18,64-70 and has been shown to be predictive of dependency and 

functional level following stroke.5,7,71   

For this project, the UE motor portion of this exam was used as a predictor of 

outcomes for CIMT.  The total possible score for the UE motor section is 66.  Using the 
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Fugl-Meyer score allowed for the regression model to encompass a potential predictor 

that represents many aspects of UE recovery following stroke.    

Frenchay Activities Index.  The Frenchay Activities Index is a survey that 

measures extended activities of daily living and was developed specifically for measuring 

disability and handicap in individuals with stroke.  It includes 15 items that measure level 

of activity in areas such as domestic chores, leisure/work, and outdoor activities.  During 

a short interview, the participant is asked to determine how often they perform a given 

activity using a scale of 1 to 4 (Appendix B). The item scores are totaled to determine the 

final score, which can range from 15 (inactive) to 60 (highly active).72,73   The reliability 

is 0.78 to 0.87.73   

The Frenchay Activities Index was included as a potential predictor in the 

regression model for many reasons.  First, it is frequently cited for determining outcomes 

post-stroke.73-82   Second, the Frenchay was the only potential predictor used in this 

model that represents questions from the participation level of the International 

Classification of Functioning, Disability and Health model (ICF).35   The Frenchay, 

however, still has overlap with the activities component of the ICF model, with questions 

like: “do you walk outside for more than 15 minutes.”  In addition, this assessment is 

strongly affected by environmental and personal factors.35,83  For example, if an 

individual can functionally walk, a personal factor would exist if the individual avoids 

walking because they do not want to be seen by the neighbors.  An environmental factor 

that could be limiting would be if they live on a gravel road and can not walk safely on 

the terrain.  In either case, the Frenchay represents questions including different areas of 

the ICF model that were not previously included as predictors. 
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Third, the Frenchay was frequently correlated to outcomes of CIMT in the pilot 

study.  Inclusion of the Frenchay will clarify how important ‘being active’ determines 

outcomes with CIMT.  The relationship between the Frenchay score and CIMT outcomes 

could lend insight into involvement and independence.  For example, an individual who 

scores high on the Frenchay is considered more independent because of their involvement 

in his/her own self-care and activities.  In contrast, an individual with a lower Frenchay 

score may lack motivation or may not seek independence from a caregiver.  Level of 

activity could be an important predictor of success with such a time-demanding, 

attention-driven therapy as CIMT.   

Descriptive potential predictors  

Side of stroke.  Side of stroke is an obvious factor to consider when studying the 

effects of CIMT.  A great deal of research has assessed right versus left-brain functions, 

right- sided versus left-sided strokes, and the varying effects that these have on patients’ 

presentation, functioning, and outcomes.  Ornstein (1997) states that over the last 25 

years over 45,000 articles and books have been written on the two hemispheres.84  While 

some CIMT studies have included participants with both left and right-hemispheric 

damage, there was no main effect found for side of hemiparesis.15  Studies, therefore, 

showed no differences in outcomes based on an individual’s side of hemiparesis. 

Generally speaking, the left hemisphere is concerned with analytical processing of 

individual components, sequencing of tasks, and language, while the right hemisphere is 

more focused on perception of whole and spatial tasks.85  An individual who sustains a 

left-brain stroke may present with an inability to solve problems, is often more easily 

angered and frustrated, has impaired retention of information, and may present with 

language difficulties and/or apraxia.85  If an individual has difficulty with language, they 
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may have more difficulty understanding the directions for the therapy.  They may be 

limited in keeping track of their home-activity log or they may misunderstand directions. 

This limitation could be augmented by the fact that individuals with left-brain damage 

also have impaired retention of information.  With communication difficulty, there may 

be increased levels of frustration, especially given the social nature of CIMT that 

develops due to extensive time with trainers.  Furthermore, frustration is often greater in 

individuals with left-brain damage, so a frustrating therapy, such as CIMT, may easily 

add to the already pre-existing tendencies towards increased levels of frustration.  This 

frustration could lead to decreased levels of motivation or possibly difficulties with 

compliance.  Individuals with left-brain stroke also have more difficulty with problem-

solving.  Again, this could lead to more difficulties with the therapy, as problem solving 

for new compensatory strategies are often essential to success with the therapy.   

An additional limitation that may affect individuals with a left-brain stroke is 

apraxia.  Nothing is reported in the CIMT literature regarding outcomes for individuals 

with apraxia.  Apraxia is defined as a disorder of skilled movement not caused by 

weakness, ataxia, akinesia, deafferentation, inattention to commands, or poor 

comprehension.86  Apraxia is a disorder of a praxis system, and this praxis system 

involves memory representations that are formed based upon experiences with purposive 

actions.87  People with apraxia predominantly present with right hemiparesis, affecting 

their dominant right hand.  Although apraxia presents bilaterally, patients rarely complain 

about their disorder and are often unaware of it.  This is because the person with apraxia 

often blames their clumsiness on use of their left or non-dominant hand.  Clinically, those 

with ideomotor apraxia present with normal dexterity, in the non-hemiparetic hand.86  
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The errors made vary and spatial errors are most characteristic.  Spatial errors include 

activating movements at incorrect joints.87,88  hose with ideomotor apraxia may also have 

timing errors, such as a delay in initiation or inappropriate pauses, noticed especially 

when the plane or trajectory needs to be changed.  Timing errors also present as failing to 

coordinate appropriate speed of movement with that required of the task.89 These types of 

errors may impede acquisition90 of new motor skills, and thus, result in increased 

difficulty with therapies such as CIMT.  As presented, individuals with left-brain stroke 

may have unique challenges that could influence success with CIMT. 

Persons with right-brain stroke, however, also have distinctive problems that could 

limit success with CIMT.   They present with left-side neglect, often have difficulty with 

spatial-perceptual tasks, are more impulsive, and frequently have greater balance 

problems.85  

Unilateral neglect is common following right-hemispheres stroke, with a reported 

incidence varying  significantly from 10 to 82 percent having left-neglect.91  Neglect is 

the inability to attend, or orient to, meaningful stimuli contralateral to the lesion.89  

Neglect may be either a problem recognizing sensory stimuli (referred to as sensory, 

attentional, inattention, or perceptual neglect), or it may be a problem with motor 

planning in response to  stimuli (referred to as motor, intentional or output neglect).91  

Whether a CIMT participant presenting with either type of neglect would benefit from 

the therapy is unknown.  Individuals with neglect may have significant difficulties 

attending to the CIMT tasks.  Neglect would then result in interference with motor 

acquisitions, leading to poorer outcomes.  Conversely, individuals may be able to 
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overcome the inattention caused my neglect, due to the constant attention-driven methods 

of CIMT, and demonstrate improvement.   

Individuals with right-brain stroke also present with spatial-perceptual deficits 

which may result in difficulty performing some components of the training.  This 

difficulty could lead to increased levels of frustrations with the therapy and affect overall 

success.  In addition, individuals with right-brain stroke often have increased balance 

problems. The balance problems could lead to decreased time wearing the mitt and issues 

with compliance.  Mitt time could be decreased in individuals with balance problems 

because of increased safety concerns and or use of an assistive device.  The various 

presentations of pathology attributed to side of lesion could affect outcomes following 

CIMT, therefore, it is included as a potential predictor.   

Time since stroke.  Recovery of function after stroke is multi-causal.  Spontaneous 

recovery, related to time since stroke, contributes to improvement in motor function 

following stroke.92  CIMT, given acutely during this period, could possibly enhance 

spontaneous recovery and boost functional recovery.  Conversely, early attempts at 

forcing the use of the hemiparetic upper extremity could lead to worsened learned non-

use.  The learned non-use could be enhanced at such an early time when an individual 

may have limited function, because increased use of their weakened hand may lead to 

failure or pain.  This would result in negative reinforcement and subsequent increased 

learned non-use.  Some would argue against worsened learned non-use, however, by 

insisting that CIMT is gauged to the functional level of an individual. The positive 

reinforcement that is a key component to CIMT would, therefore, circumvent 

development of learned non-use.   Furthermore, CIMT is based on the assumption that 
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the nervous system always remains plastic, thus the time of administration of therapy 

would not be a factor.  Improvements would, then, be possible at any time following the 

insult.1  While people who are as much as 18-years post stroke have demonstrated 

functional improvements,2  the literature results are still unclear if individuals in the 

chronic phase of stroke  can improve to the same extent as those who have sustained a 

stroke more recently.  Beginning CIMT in the acute, sub-acute or chronic phase after 

stroke may affect outcomes.   

Time since stroke is often used as a predictor for stroke outcomes.5,57-59,93-95   

Findings from longitudinal studies, with repeated measures across time, demonstrate that 

neurological recovery shows a nonlinear progression pattern as a function of time, but 

few individuals show additional improvement after three months post-stroke.5,57-59,93-95  

The length of time, in which there is a lack of improvement following a stroke, reflects 

the intrinsic cerebral damage and should be seen as an important predictor of poor 

outcome.5,92  While the greater the time since stroke is associated with poorer functional 

recovery, the attention-driven methods of CIMT may counteract this temporal 

relationship, resulting in improvements at any time post stroke. 

Hand dominance.  Hand dominance affects an individual’s functional ability after 

a stroke, yet current CIMT studies have not sufficiently addressed dominance and its role 

in functional recovery.96  Hand dominance is a behavioral manifestation of hemispheric 

asymmetry.  Typically, people who are considered left-hand dominant perform some 

tasks with their right hand, while right-hand dominant individuals rarely perform tasks 

primarily with their left hand.96  The right-hand dominant population has stronger 

lateralization of the hemispheres while people who are left-hand dominant seem to 
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present with more bilateral use of hemispheres with decreased specializations.  A left-

handed individual who sustains a stroke resulting in left hemiparesis, therefore, may 

recover function faster due to the lack of hemispheric lateralization.  This decreased 

hemispheric lateralization is due to a long history of performing tasks with both hands 

which utilizes both sides of their brain.  Conversely, if a right-handed individual, with 

right hemiparesis, loses the function of the left brain, they are less capable of 

compensating with the right brain due to the extensive pre-morbid lateralization.96 

CIMT’s effectiveness, as it relates to upper-extremity dominance, is unclear.  The 

early CIMT studies excluded individuals with left-hand dominance or left hemiplegia, in 

order to test and analyze with less variance.10,16    The generalizability, therefore, to non-

right handers is limited.  

Another interesting, yet unexplored question, is whether CIMT is of greater benefit 

to individuals with dominant-side hemiparesis as opposed to non-dominant hemiparesis.  

Intuitively, one may consider that people with dominant-side hemiparesis would be more 

motivated to regain function of the affected extremity because this is the extremity of 

functional preference and practiced motor skill.  Moreover, the dominant hemisphere has 

more intricate motor programs with better-developed coordination and skill, thus 

translating to improved neural representation.  Does this pre-morbid increased 

representation of the dominant hand remain post-stroke, allowing for increased ease in 

recovery of function?  In contrast, an individual with a non-dominant-side stroke could 

possibly return to a previous level of functioning at a quicker pace as compared to a 

dominant-side stroke.  This possibility exists because of the decreased functional 

demands on the non-dominant extremity.  The relationship of functional return following 
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CIMT to pre-morbid handedness and motivation to regain use of a dominant extremity is 

unclear.   Perhaps, a more interesting question is to investigate if dominance plays a role 

in predicting recovery at the follow-up assessment.  The intense methods of CIMT may 

allow for no difference to be observed between individuals with dominant and non-

dominant hemiparesis immediately following CIMT, however, this may change at 

follow-up.  Obviously, dominance is an important issue that needs to be investigated as a 

predictor of function following CIMT. 

Age.  The research literature to date presents conflicting results regarding the role 

of age in rehabilitation.  On one hand, motor performance factors have been 

demonstrated to be greatly influenced by age.97-100  Certainly age could be an important 

predictor of recovery potential following stroke.98-100  According to Jongbloed (1986), 

age was identified as a significant prognostic factor in numerous studies.101-104   

Specifically, these studies indicate that age is negatively correlated with functional return.  

In studies reporting age as a factor, however, additional contributors of functional 

limitations such as co-morbidities, presence of a caregiver, and severity of stroke are 

frequently not accounted for.  On the other hand, conflicting studies have shown that age 

does not have a negative impact on function over time.101  In fact, much research has 

demonstrated the benefits of intensive stroke rehabilitation programs regardless of 

age.4,100,105,106  Kugler et al. (2003) states that age should not be a limiting factor in the 

early rehabilitation of stroke patients.98  The role age plays as a predictor of outcomes 

post-stroke is uncertain.  The inclusion of age in the regression as a potential predictor is 

important to help clarify the role age plays in CIMT. 
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Gender.  The relationship between gender and stroke rehabilitation is not well 

explored.  Scarce information exists about gender differences in the management of 

individuals with stroke.107   Research on gender differences following stroke is needed in 

order to provide useful insight for long-term intervention and establishment of 

appropriate therapy.107  The direct relationship between incidence of stroke and 

advancing age means that female patients, because they have a longer life expectancy 

than males, may bear the burden of much of the disease and subsequent disability.107  

Wyller et al. (1997) studied gender difference in functional outcomes following stroke.108  

Utilizing age-adjusted odds, these authors concluded that women seem to be functionally 

more impaired by stroke than men.108  In addition, women are diagnosed with depression 

twice as frequently, which is strongly correlated with  more impairment and loss of 

function.109  Conversely, Twigg et al. (1998) found no significant correlation between 

gender and functional outcomes following stroke.110  Time since stroke differences in the 

previously mentioned studies could explain some of the contradictory results.  For 

example, the study that observed differences between genders108 was performed in a 

chronic population, one-year, post-stroke, while the study that found no differences 

between genders utilized the acute and sub-acute population at a rehabilitation facility.110  

Gender differences may not emerge until further in the recovery process.  Nonetheless, 

the question regarding gender influence on outcomes following stroke is important and 

remains unclear. 

Ambulatory status.  Ambulatory status was included as a potential predictor of 

upper-extremity recovery for several reasons.  This predictor is included in the regression 

model because cumulative deficits post-stroke can affect individuals functional 
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outcomes.111  Individuals who are non-ambulatory, therefore, may have poorer outcomes.  

Moreover, while the most rapid recovery for both upper and lower extremities occurs 

within the first 30 days after stroke, the severity of motor impairments and the subsequent 

patterns of recovery are similar for both extremities.112  A relationship exists, therefore, 

between upper and lower extremity motor recovery.112  

In addition, the ability to walk is a strong predictor of functional outcomes112  and 

has been included in regression models previously for stroke recovery.113  Individuals 

who are able to ambulate may be able to use their hand in more functional tasks.   If a 

participant is able to stand and walk, they have more synergies available to accomplish 

gross motor tasks.  Furthermore, if someone is walking they may spontaneously find 

themselves involved in more activities due to increased access.  Ambulatory status could 

lead to increased independence with tasks, and therefore, ambulators may be better 

candidates for CIMT.  Including ambulatory status allows for a simple predictor that 

could potentially be very useful for determination of outcomes following CIMT.  For the 

purposes of this study, ambulation was used as a dichotomous variable.  If the participant 

presented to the clinic ambulating, with or without an assistive device, then they were 

considered functionally ambulatory.  If they presented in a wheelchair the majority of the 

time, they were categorized as non-ambulatory. 

The identification of clinical predictors for outcomes of CIMT is essential and of 

value to both research and clinical settings.7  The goal of this study was to establish 

clinically relevant and usable models, not extensive or comprehensive models.   

Extensive multivariate models are often difficult to use and, therefore, have little value 

because they are less readily utilized.8  In addition, more comprehensive models often 
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have little predictive value over simple clinical predictors.9   Other predictive variables 

could have been included in this model, such as cognitive function or motivational 

variables, which may have increased the predictive capability of these models.  Modern 

imaging techniques could have been included to identify type or location of lesion, since 

they are valuable in prediction of stroke outcomes,114 these predictors, however, are 

unlikely to become easily accessible for clinical use.9  For this reason, they were not 

included in the model.  The importance of a predictor study for upper-extremity recovery 

is well expressed by Kwakkel (2003).5 

Knowledge on outcome of the upper limb is of paramount interest to clinicians to 
optimize their treatment goals and to inform patients properly.  In those cases in 
which some return of dexterity is expected, training the paretic arm is justified.  
However, if the prognosis is poor, teaching the patient to deal with existing deficits 
may be more realistic, thus allowing for the use of compensating strategies.5 

Summary 

Limited evidence exists regarding the specific characteristics of individuals who 

benefit most from CIMT.  This intervention is reported to significantly improve 

functional use of the UE in only 20 to 25 percent of people with chronic stroke 

disability.1  There is an urgent need to determine appropriate selection criteria for CIMT 

participation.   Rehabilitation professionals continuously search for improved approaches 

for treatment, and consequently, new treatment methods, such as CIMT, are often 

accepted before the relevance of the therapy to particular clients is clearly understood.    

Who benefits most from CIMT needs to be understood, in order to target the correct 

population.  The following experiments address the goal of this project which was to 

determine the characteristics of individuals who benefit most from CIMT.   

 

 



 

CHAPTER 2 
FUNCTIONAL PREDICTORS OF CIMT OUTCOMES 

Introduction 

Stroke is the most common disabling condition with 30 to 66 percent of individuals 

losing functional ability in their more-affected arm and hand.2,38  The need for innovative 

rehabilitation is clear since few well-researched and effective therapies are available to 

individuals post-stroke.  Constraint Induced Movement Therapy (CIMT), however, has 

shown great promise for individuals with hemiparesis.  CIMT is a relatively new 

rehabilitative strategy used primarily with the post-stroke population.  It  encompasses a 

family of rehabilitation techniques having two main components 1) constraint of the less-

involved upper extremity (UE), forcing the use of the more-involved UE, and 2) massed 

practice of the more-involved UE.2   CIMT results have recently been labeled the most 

promising evidence that motor recovery can occur in the hands of individuals post-stroke 

that have some residual purposeful movement.36  Significant scientific evidence supports 

the efficacy of CIMT in improving function after stroke, but the functional characteristics 

of those who will benefit most from this therapy is unknown.1,2,6,10-25,115   

To date, CIMT studies have demonstrated significant and lasting improvements in 

UE movement function,1,2,6,10-25,115 especially for those 20 to 25 percent1,18 of all 

individuals with post-stroke hemiparesis who meet what is termed ‘minimal motor 

criteria.’1,14,26   Minimal motor criteria is defined as 20 degrees of wrist extension from a 

fully flexed position and 10 degrees of metacarpo-phalangeal (MCP) and proximal inter-

phalangeal (IP) joint extension of the thumb and two fingers.27  The term ‘minimal motor 

27 
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criteria’ was coined following an experiment performed by Wolf (1983) in which 

voluntary movements of wrist and finger extensors were shown to be “predictors of 

future acquisition of independent limb use.”  The methodology used to determine this 

criteria, however, involved a small number of participants, and has not been replicated.1,26  

Participants whose function falls below minimal motor criteria improve less with 

traditional CIMT than those with higher levels of motor ability.44  These participants, 

however, must present with a minimum of 10 degrees of extension of the wrist, thumb, 

and two fingers.44  According to Taub, this increases the applicability of CIMT to almost 

50 percent of those who have had a stroke.44   In light of the recent explosion of CIMT 

onto the rehabilitation scene, and the profound effect CIMT is beginning to have on 

rehabilitation strategies, scientists are charged with determining what functional 

characteristics are predictive of positive CIMT outcomes.   

The identification of clinical predictors for outcomes of CIMT can help to target 

the individuals who benefit the most from this intervention.7  The aim of this study was to 

establish a predictive model for CIMT outcomes based on functional characteristics of 

individuals post-stroke. 

Methods 

Participants 

A convenience sample of 55 participants was recruited from two CIMT projects at 

the University of Florida and the Malcom Randall VA Medical Center, Brain 

Rehabilitation Research Center. Figure 2-1 presents the main participant characteristics.  

A post-hoc power analysis was conducted to determine the power for the given group 

sample size (see results section).  Participants signed an informed consent prior to 

participation in the study. 
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frequency %
L brain stroke 28 51%
R brain stroke 27 49%
Dominant side 
involved 26 47%

Non-dominant 
side involved 29 53%

Female 22 40%
Male 33 60%
Ambulatory 44 80%
Non-ambulatory 11 20%

Ambulatory Status

Gender

Dominance

Side of Stroke

N Min Max Median Mean sd
Time Since Stroke 
(in days)

Age
(in years)

16060 
(45 yrs)

940

62.05 14.6

22955 23781673

55 22 83 66

 
Figure 2-1.  Descriptive characteristics  

All participants met the following inclusion criteria:  1) diagnosis of at least one 

stroke and not more than three strokes on the same side of the brain,  

2) stroke at least six months prior to study participation, 3) ability to follow simple 

instructions, 4) a score of 20 or higher on the Mini Mental State Exam,116 5) the ability to 

sit independently without back or arm support for five minutes, 6) the ability to stand 

with support of a straight cane, quad cane or hemiwalker for two minutes, 7) the ability to 

actively participate for six hours of therapy without long rest or nap periods, and 8) 

passive range of motion of all UE motions of at least half the normal range.   

Participants were stratified according to their ability to meet minimal motor criteria 

to insure that the experiments contained participants of differing ability levels.  Inclusion 

in the high functioning group (n= 32) required active movement of the wrist through at 

least 20 degrees of the flexion-extension range from a relaxed flexed position, and 

movement of at least three fingers 20 degrees at the metacarpal-phalangeal and inter-

phalangeal joints (minimal motor criteria).  Inclusion in the low functioning group (n= 
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23) required evidence of trace wrist extension and extension of two fingers from a fully 

flexed position, but did not meet the criteria established in the high functioning group.  

Exclusion criteria for both groups included: any health problems that put the 

participant at significant risk of harm during the study; any other neurological conditions 

such as Multiple Sclerosis or Parkinson’s Disease; drugs for spasticity; and pain limiting 

participation in the study. 

Procedure  

Following a pre-test, participants received two-weeks, 10 consecutive weekdays, of 

intensive treatment, six hours per day.  For this period, the unaffected hand was 

immobilized in a padded mitt for 90 percent of their waking hours.  The mitt was used at 

all times except when performing a minimal amount of agreed upon activities (e.g., 

bathroom activities, naps, when the unaffected limb was used for an assistive device in 

walking, of other circumstances when safety was compromised).  The trainer and 

participants signed a behavioral contract establishing agreed upon amounts of mitt use, 

task effort, activity logs and home diaries (Appendix B).  The participants were strongly 

encouraged to continue to use their weaker hand during activities throughout the day and 

while at home.  After the six hours of intensive therapy, the participant returned home 

and maintained a diary documenting activities and mitt time use.  During the weekends, 

there were no assigned tasks, but the participants were instructed to continue to wear their 

mitt and maintain a home diary (Appendix B).   

During the ten consecutive weekdays, participants received supervised task practice 

using their affected hand and arm.  CIMT activities were chosen from a task menu and an 

activity log was kept by the trainer to demonstrate what tasks had been attempted and 

how the tasks were progressed during training (Appendix B).  CIMT consisted of a set of 
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tasks to be performed with the affected upper extremity, such as picking up pencils, 

moving beans from one container to another, stacking blocks and using utensils.  The 

treatment was focused on performance of frequent movement repetitions while 

performing functional activities.  To remain challenging, as performance improved, tasks 

were increased in complexity and difficulty.   For example, as the time to complete a task 

decreased, the task was raised to a higher surface, or farther away.  The tasks were 

functional in nature, but were modified to allow some success.  The ten-days of training 

were followed by an immediate post-test and a 4 to 6 month follow-up post-test. 

Outcomes Measures 

Two main outcome measures, commonly reported in CIMT studies, were used for 

this study: 1) the Wolf Motor Function Test (WMFT), a test of movement capability and 

2) the amount component of the MAL (MALa), a test of perceived use. 

The WMFT, developed by Stephen Wolf and modified for use in CIMT trials, has 

been used successfully as CIMT outcome measures for several years.12,117-126  This test 

evaluates movement capability through a series of 15 timed tasks and two strength tasks.  

Only the timed tasks were used in this study (Appendix B).  The tasks, which are 

modeled from the Jebson Taylor Hand Test,127 progress from joint specific to multi-joint 

movements.13-17,115  The reliability of the WMFT has been reported with inter-rater 

reliability established at r=0.93, as measured by an intraclass-correlation coefficient.128  

The WMFT is administered first to the less involved UE and then to the more-involved 

UE.  The WMFT outcome measure is reported as a mean of the affected task times minus 

the mean of the unaffected task times.   

The MAL is a commonly used CIMT outcome measure.12,117-126  It is a 30-question 

structured interview in which the participants respond with a number corresponding to a 
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given amount of use or perception of how well they have used their affected arm when 

away from the laboratory environment.13-17,115  For example, the participant would 

respond to the question: “How much do you use your more affected arm to turn on a light 

switch?” by choosing the appropriate response from the MAL amount scale (Figure 2-2). 

The mean of the “amount” section of the MAL was used as an outcome measure.  The 

“how well” scale was not used in this study (Appendix B).  The interrater reliability for 

the MAL is 0.94.13,15,16   

0.0 Did not use my weaker arm for the activity (not used)
0.5
1.0 Occasionally tried to use my weaker arm for that activity (very rarely)
1.5
2.0 Sometimes used my weaker arm for that activity but did most of the activity with my stronger arm (rarely)
2.5
3.0 Used my weaker arm for that activity about half as much as before the stroke (half pre-stroke)
3.5
4.0 Used my weaker arm for that activity almost as much as before the stroke (3/4 or 75% pre-stroke)
4.5
5.0 Used my weaker arm for that activity as much as before the stroke (same as pre-stroke)

Motor Activity Log Amount Scale

 
Figure 2-2.  Participant response choices for MAL amount scale 

Selected Prospective Predictors: 

Five prospective functional predictors were investigated: 1) minimal motor criteria 

level, 2) amount of finger extension/grasp release, 3) amount of grip strength, 4) upper-

extremity Fugl-Meyer score and, 5) score of the Frenchay Activities Index.  These 

predictors were included in the regression model for several reasons.  First, many of these 

predictors appear in stroke rehabilitation research as predictors of other outcomes, such 

as differing therapeutic interventions, return to function, and return to life roles.  Second, 

these predictors are often discussed in CIMT literature as having a potential to impact 

outcomes.  Third, some predictors demonstrated strong predictive value in the pilot 

studies (Appendix A).    
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Minimal motor criteria level  

CIMT appears to be effective in improving movement capabilities in a subset of 

approximately 20 to 25 percent of stroke survivors who meet minimal motor criteria, 

demonstrating a relatively high level of hand and wrist control.17 In a small sample, Taub 

found that lower functional recovery of the hand wrist was related to poorer improvements 

compared with those with higher levels of motor ability.44  Despite this finding, 

individuals with lower functional recovery of the hand and arm may still have significant 

success from participating in CIMT.    Since current selection criterion for CIMT needed 

further attention, in this study we expanded selection criteria to include individuals that 

did not meet traditional minimal motor criteria level.  Inclusion of this lower functioning 

group, those who did not meet minimal motor criteria, will aide in clarifying the necessity 

of this baseline criteria for positive outcomes with CIMT. Specifically, if minimal motor 

criteria is not a predictor, it may not be an appropriate determinant of CIMT participation. 

Finger extension and grasp release 

Finger extension and grasp release are essential to functional movement of the 

hand.  Individuals post-stroke, however, often present with limited or reduced ability to 

perform both fine and gross movements of the hand.45  Secondary to the intrinsic hand 

muscles hypertonia, which is commonly present post-stroke, controlled grasping is often 

very difficult.  Individuals frequently can grasp objects via a massed grasp, however, this 

often requires recruitment of abnormal movement patterns.  Furthermore, individuals 

post-stroke often have greater difficulty releasing an object.45  Difficulty releasing objects 

may be due to a flexor synergy that effectively limits isolation of joint movements out of 

synergy. 
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For the purpose of this study, finger extension/grasp release was defined as the 

ability to actively release a mass flexion grasp as defined by Fugl-Meyer assessment.  It 

is graded as follows.  A ‘0’ was given if the individual is unable to release the grasp, a ‘1’ 

if the participant could release the mass flexion grasp, and a ‘2’ if the participant could 

fully extend their fingers from the starting grasp position.46   Due to the role that finger 

extension plays in the functional use of a hand, it was included as a predictor for CIMT.   

Grip strength 

Grip strength was used as a predictor in the regression model due to its prevalence 

in the literature as a measure of outcomes post-stroke47-49  and as a predictor of 

outcomes.50-56  For example, the absence of measurable grip strength one-month post 

stroke is predictive of poor upper-extremity functional recovery.5,57-59  In contrast, early 

return of active grasping is a positive prognostic sign.5,58,59  Although grip strength is 

strongly associated with chronological age,60 independent of this relationship, it is a 

powerful predictor of disability, morbidity, and mortality.53   Low grip strength is 

associated with disability, while there are strong relationships between mid-life 

measurements of grip-strength to predictions of long-term survival.52,61    

For this project, grip strength was assessed using standard grip strength 

dynamometry techniques62 with a Jamar dynamometer at level three setting.  Standard 

methods for handheld dynamometry and the reliability of the testing have been well 

established.62  

Upper-extremity Fugl-Meyer motor score 

The Fugl-Meyer Assessment is a measurement of the percent recovery of a person 

following a stroke that provides objective and quantifiable assessment of motor 

function63 and was designed primarily for use in rehabilitation settings.  The test is 
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organized according to Brunnstrom levels of recovery and is divided into five sequential 

recovery stages.63  The Fugl-Meyer motor component is an assessment of ability to move 

in/out of synergy, reflexes, wrist stability, grasping ability, and coordination (Appendix 

B).  The validity of the Fugl-Meyer is good and overall reliability is high (intraclass 

correlation coefficient of 0.96).46  This standardized assessment is also often used as a 

measure of function in stroke rehabilitation studies1,18,64-70 and has been shown to be 

predictive of dependency and functional level following stroke.5,7,71   

For this project, the UE motor portion of this exam was used as a predictor of 

outcomes for CIMT.  The total possible score for the UE motor section is 66.  Using the 

Fugl-Meyer score allowed for the regression model to encompass a predictor that 

represents many aspects of UE recovery following stroke.   

Frenchay activities index 

The Frenchay Activities Index is a survey that measures extended activities of daily 

living and was developed specifically for measuring disability and handicap in 

individuals with stroke.  It includes 15 items that measure level of activity in areas such 

as domestic chores, leisure/work, and outdoor activities.  During a short interview, the 

participant is asked to determine how often they perform a given activity using a scale of 

1 to 4 (Appendix B). The item scores are totaled to determine the final score, which can 

range from 15 (inactive) to 60 (highly active).72,73   The reliability is 0.78 to 0.87.73   

The Frenchay Activities Index was included as a predictor in the regression model 

for many reasons.  First, it is frequently cited for determining outcomes post-stroke.73-82   

Second, the Frenchay was the only predictor used in this model that represents questions 

from the participation level of the International Classification of Functioning, Disability 

and Health model (ICF).35   Third, the Frenchay was frequently correlated to outcomes of 
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CIMT in the pilot study.  Inclusion of the Frenchay will clarify how important “being 

active” is in determining outcomes with CIMT.  The relationship between the Frenchay 

score and CIMT outcomes could lend insight into involvement and independence.  For 

example, an individual who scores high on the Frenchay is considered more independent 

because of their involvement in his/her own self-care and activities.  In contrast, an 

individual with higher motor capabilities, but a lower Frenchay score may lack 

motivation or may not seek independence from a caregiver.  Level of activity could be an 

important predictor of success with such a time-demanding, attention-driven therapy as 

CIMT.   

Data Analysis 

Demographic and clinical presentation characteristics of the study sample are 

described using the mean, median and standard deviation for continuous variables, and 

using frequencies and percentages for categorical variables.  For the intention-to-treat 

analysis demographic and clinical characteristics of the patients who were admitted to the 

program, but who did not participate in the 4-month follow-up evaluation, were 

compared with participants who completed the follow-up to determine differences that 

could result in a bias.  The continuous variables from the intention-to-treat analysis were 

analyzed using t-tests and categorical variables using Chi square tests or Fisher’s exact 

tests.  All data were analyzed using an intention-to-treat approach in which the pre-test 

scores were used as the follow-up post-test scores for those participants that did not 

return for the follow-up.  

The normality of the data for the WMFT and the MALa, the dependent variables, 

was visually verified with probability plots (P-P) and statistically verified with the 

Kolmogorov-Smirnov f test. The MALa met assumptions of normality; however, the 
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WMFT required transformation using the natural log [ln] to meet assumptions of 

normality.   

The predictive relationships of various functional scores on the traditional measures 

of CIMT were investigated.  The independent variables were used to develop a general 

linear model for the dependent variables individually: the WMFT (aim 1) and the MALa 

(aim 2). These analyses were performed for the immediate post-test and the follow-up 

post-test. The immediate post-test regression allowed for determination of predictors of 

immediate success.  The follow-up post-test represented changes overall from the first 

test period to the last testing period allowing insight into predictors of long-term success 

(Figure 2-3). 

Follow-up  
post-test 

Time Frame 2 Time Frame 1 

Immediate post-test 
Pre-test 

14 days 4-6 months 

 
Figure 2-3.  Timeline for testing of dependent variables 

Potential predictors were selected for the development of a general linear model for 

the prediction of outcomes with CIMT.  The pretest scores for each of the dependent 

measures were used as covariates to statistically control for group differences that existed 

before treatment.  A forward stepwise procedure was employed in which the variables 

were examined at each step for entry or removal from the model.  The least significant 

variables were removed from the model, based on their level of association with the 

dependent variable at each step.   Adjusted R-square values, p-values and 95 percent 

confidence intervals (CIs) were calculated.  Thorough regression diagnostics were run 
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and jackknife residual analyses were performed to verify the basic assumptions.  

Multicollinearity among predictor variables in the regression models was assessed using 

a variance inflation factor (VIF).   

Results 

Power Analysis 

A post-hoc power analysis was conducted to determine the power for the sample 

size (n=55). The effect size (f2) for the WMFT immediate post-test and follow-up post-

test and the MALa immediate post-test and follow-up post-test was determined from the 

data and they are 3.67, 2.82, 1.20, and 1.48, respectively.  Using these effect sizes, the 

sample size of 55 participants at an α=0.05, for five predictors, met an average power 

level ß= 1.0.   This strong power can be attributed primarily to the presence of the 

covariate in the model.   

Descriptive Characteristics  

Tables 2-1 and 2-2 provide the descriptive statistics of the independent variables.   

Table 2-1.  Descriptive statistics of the continuous independent variables 
 
Independent Variable N Min Max Median Mean sd
Grip Strength 55 0 29.7 6.6 8.75 7.39
Fugl-Meyer UE Motor 55 16 62 33 35.27 11.4
Frenchay 55 18 53 37 37.05 7.89

 

Table 2-2.  Descriptive statistics of the categorical independent variables 
 

Independent Variable frequency %
High Meets minimal criteria 32 58%
Low Does not meet criteria 23 42%

0 Cannot release a mass flexion grasp 14 25.5%
1 Can release paritally 27 49.0%
2 Can fully extend fingers 14 25.5%

Group

Fugl-Meyer Finger 
Extension

Minimal Motor 
Criteria Level
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Intention-to-Treat Analysis 

An intention-to-treat analysis was used because of the significant differences 

apparent between the group that completed the follow-up post-test and the group that did 

not.  Nine participants did not return for the follow-up post-test evaluation and, therefore, 

their pre-test score was used as the follow-up post-test measure.129-132   Three of the 

independent variables, (1) grip strength, (2) Fugl-Meyer upper-extremity motor, and the 

(3) Frenchay Activities Index (Table 2-3 and 2-4) demonstrated significant differences 

between the individuals who returned for the follow-up post-test and those who did not 

return.  Individuals with lower ability levels showed significantly higher drop-out rates.  

None of the descriptive characteristics from Figure 2-1 demonstrated significant 

differences between the group that completed the follow-up post-test and the group that 

did not.   

Table 2-3.  Chi-Square and Fisher’s exact test for the differences across categorical 
independent variables between those participants who completed the follow-
up evaluation and those that did not complete the evaluation 

Drop-outs Completed Chi-square Fisher's 
Exact Test

High Meets minimal criteria 3 29
Low Does not meet criteria 6 17

0 Cannot release a mass flexion grasp 4 10
1 Can release paritally 5 22
2 Can fully extend fingers 0 14

Mimal Motor 
Criteria Level 0.098 0.143

Independent Categorical Variables

Fugl-Meyer 
Finger 

Extension
0.113 na

 
Table 2-4.  T-test for difference across continuous independent variables between those 

participants who completed the follow-up evaluation and those that did not 
complete the evaluation 

Drop-outs Completed
Grip Strength 3.08 (4.82) 9.86 (7.33) .003*

Fugl-Meyer UE Motor 29.22(6.04) 36.46 (11.86) 0.013*
Frenchay 29.78 (6.18) 38.48 (7.43) .003*

*significant differences

Independent Continous 
Variables

mean (sd) t-test 
(sig)
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Multiple Regression Modeling 

Aim 1:  Wolf motor function test modeling 

Minimal motor criteria (0=low, 1=high), finger extension/grasp release, grip 

strength, Fugl-Meyer UE motor score, and the Frenchay score were entered into a linear 

multiple regression model with stepwise entry using the [ln]WMFT immediate post-test 

as the dependent variable and entry of the WMFT pre-score as the covariate.  Not all 

predictor variables made significant contributions to the WMFT immediate post-score. 

The only significant predictor was finger extension/grasp release, all other variables were 

removed during the regression analysis.  Including the covariate, the model accounted for 

0.786 of the variance in [ln]WMFT at immediate post-test.  The p-values for all the 

independent variables are listed in Figure 2-5.  The final regression equation is as 

follows. 

[ln]WMFTpost’= (1.608) +(.03575)WMFTpre – (.410)finger extension 

The same independent variables were entered into a second linear multiple 

regression model with stepwise entry using the [ln]WMFT follow-up post-test score as 

the dependent variable.  Similarly, the only significant predictor variable was finger 

extension/grasp release.  This model accounted for 0.738 of the variance in WMFT at 

follow-up post-test with the pre-test as a covariate.  This model is very similar to the 

WMFT immediate post-test model.  The p-values for all the independent variables are 

listed in Figure 2-5.   

[ln]WMFTfu’=  (1.804) + (.03285)WMFTpre – (.402)finger extension. 

Aim 2:  Motor activity log amount- modeling 

The same independent variables were entered into a third linear multiple regression 

model with stepwise entry using the MAL amount immediate post-test as the 
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Table 2-5.  The adjusted R squared for the [ln] WMFT models, the B weights, the p-
values for all the predictors, and the confidence intervals for the significant 
predictors are listed.  

[ln] WMFT MODELS

 Adjusted R square
F (sig)

INDEPENDENT VARIABLES B p-value (CI) B p-value (CI)
Covariate (WMFT pre-score) 0.036 0.000 (.028,.043) 0.033 0.000 (.025,.041)
Minimal motor criteria level 0.041 0.693 0.007 0.949

Finger extension -0.410 0.027 (-.771, -.048) -0.402 0.04 (-.785, -.020)
Grip strength -0.048 0.570 -0.063 0.504

UE Fugl-Meyer motor score -0.126 0.214 -0.185 0.098
Frenchay 0.064 0.376 -0.032 0.687
Constant 1.608 0.000 (.956, 2.261) 1.804 0.000 (1.113,2.494)

Follow-up post-test Immediate post-test

0.786
100.099 (.000)

0.738
77.037 (.000)

 
dependent variable.  The Fugl-Meyer UE motor score and minimal motor criteria level 

were significant predictor variables for the MALa.  All other variables were removed 

during the regression analysis.  This model accounted for 0.546 of the variance in MALa 

at the immediate post-test. The p-values for all the independent variables are listed in 

Figure 2-6 and the regression equation is as follows. 

MALapost’= (-.0301)+ (.204)MALapre + (.05634)F-M UE motor + (1.116)Min Motor 

The same independent variables were entered into a fourth linear multiple 

regression model with stepwise entry using the MALa follow-up post-test score as the 

dependent variable.  At the follow-up post-test, the baseline UE Fugl-Meyer motor was 

the only significant predictor variable.  This model accounted for 0.596 of the variance in 

MALa at follow-up post-test. The p-values for all the independent variables are listed in 

Figure 2-6 and the regression equation is as follows. 

MALafu’= (- .645) + (.409)MALapre + (.0643)F-M UE motor 

The largest value of the variance inflation factors was <1.7, indicating that 

multicollinearity among the predictors did not unduly influence the regression  
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Table 2-6.  The adjusted R squared for the MAL amount models, the B  weights, the p-
values for all the predictors, and the confidence intervals for the significant 
predictors are listed.  

MAL amount MODELS

 Adjusted R square
F (sig)

INDEPENDENT VARIABLES B p-value (CI) B p-value (CI)
Covariate (MALa pre-score) 0.204 0.478 (-.369, .777) 0.409 0.049 (.003,.816)
Minimal motor criteria level 1.116 0.004 (.362, 1.870) 0.067 0.558

Finger extension 0.022 0.862 0.068 0.526
Grip strength 0.202 0.089 0.080 0.475

UE Fugl-Meyer motor score 0.056 0.004 (.019,.094) 0.064 0.000 (.037,.091)
Frenchay 0.182 0.079 0.045 0.651
Constant -0.030 .954 (-1.071, 1.011) -0.645 .104 (-1.427, .136)

Follow-up post-test Immediate post-test

0.546
22.638 (.000)

0.596
40.832 (.000)

 
estimates.133  The adequacy of the final regression model was examined.  Upon visual 

examination of the histogram, the residuals appeared to be normally distributed.   

Presence of outliers was assessed using Jackknife residuals. The sample contained two 

outliers for the WMFT model.  The influence and accuracy of these data points were 

assessed and they remained in the model.134,135   These post-hoc regression diagnostics 

results suggested that the regression analysis was appropriate.  

Discussion 

While CIMT has been proven to be a beneficial therapy for individuals post-stroke, 

little is know about the functional characteristics that are predictive of CIMT 

outcomes.1,2,6,10-25,115  The identification of these clinical predictors for outcomes of 

CIMT is needed to target the appropriate populations.  The goal of this study was to 

establish usable models, not extensive or comprehensive models.  While detailed models 

serve a function, they are less readily utilized and have little more predictive capability 

than simple models.8,9  Other predictive variables could have been included in this model, 

potentially making it more inclusive.  For example, cognitive function or motivational 

variables may have increased the predictive capability of these models.  In addition, 
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modern imaging techniques could have been included to identify type or location of 

lesion, since they are valuable in prediction of stroke outcomes.114  These additional 

predictors would add to the complexity of the model, making it more difficult to use and 

clinically less practical, while potentially adding little strength to the model.   

Multiple Regression Modeling 

The goal of this study was to determine the significant functional predictors of 

outcomes for CIMT.  The outcomes were divided into two essential time frames 

necessary to establish the functional predictors of those who improved most during the 

treatment phase and who maintained or improved functional gains four to six-months 

after the CIMT intervention.100   Previous CIMT studies suggest that functional gains are 

persistent,1,16 signifying individuals maintain over time the improvements gained while in 

the training program.  Identifying the predictors of individuals who are able to maintain 

functional gains at the long-term is of primary importance.100   

Wolf Motor Function Test model 

Finger extension/grasp release is the only predictor of positive outcomes for 

movement capability of the more affected UE, as measured by the WMFT, immediately 

following therapy and at 4-6 months after therapy.  In fact, the regression models were 

very similar for the WMFT at both the immediate post-test and follow-up post-test.  

When interpreting the model, recall that the WMFT score is a time score for performance 

of tasks.  The higher the WMFT score the longer it will take to complete the activities, 

thus, the lower the ability level.  For example, the coefficient of [-.410 finger extension] 

results in a lower predicted WMFT time score (better score) for individuals with higher 

finger extension scores.  The predictive capability of finger extension/grasp release is 

logical due to its role in the functional use of a hand.  This measure, while related to 
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minimal motor criteria, does not include the requirements of wrist extension.  In this 

sample, minimal motor criteria did not predict outcomes for the WMFT.  This finding is 

important since the primary screening criteria used for the majority of CIMT studies is an 

individual’s ability to meet minimal motor criteria.  Establishing minimal motor criteria 

has been an advantageous and an appropriate screening technique for traditional CIMT 

until this time.  The component of wrist extension, however, may be too restrictive.  An 

individual’s ability to extend his/her fingers may be a better screening criterion.  Many of 

the tasks practiced in CIMT involve grasp and release, and while wrist extension is 

helpful in this capacity, it appears not to be essential for positive outcomes with CIMT.   

Although wrist extension is used in normal grasp, perhaps, presence of finger extension is 

enough to justify participation in CIMT.   Minimal motor criteria should be investigated 

further to determine its appropriateness for screening of potential CIMT participants.   

Motor Activity Log model 

The results suggest, however, that minimal motor criteria is predictive of the MALa 

immediately following therapy, but that it is not predictive of outcomes for long-term 

success with CIMT.  While the predictors for the immediate post-test are of interest, the 

most important predictors are those of the follow-up post-test.  Specifically, the 

predictors of how individuals perform four to six months after the treatment.  While 

individuals who meet minimal motor criteria demonstrate improved amount of use of the 

affected UE immediately following therapy, there are no significant differences between 

groups at the long-term follow-up.  

The Fugl-Meyer UE motor score, however, is predictive of the MALa immediately 

following therapy and at the long-term follow-up.  This indicates that individuals with 

higher function, according to the Fugl-Meyer, result in prediction of higher scores on the 
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MALa following CIMT.    One component of the Fugl-Meyer evaluates an individual’s 

ability to move in and out of synergy, quite possibly an individuals ability to function out 

of synergy is an important predictor of success with CIMT.  This would allow increased 

ease in practicing of tasks that involve reaching and multi-joint coordination, thus 

translating to greater success following CIMT.  The Fugl-Meyer UE motor test could be 

further broken down to evaluate if just one component is predictive of improvements.   

The significance of the Fugl-Meyer UE motor test was expected due to the predictive 

value it has shown to have in other stroke rehabilitation studies. 5,7,71 

Other outcomes 

The Frenchay Activities Index score and grip strength were included in the 

regression analysis as potential predictors, however, neither were significant to the 

prediction of success in CIMT.  Knowing what variables are not predictive is also 

valuable and necessary when screening a potential client for CIMT.  This offers insight 

into what predictors should not be considered when determining if a participant can 

improve with this therapy.  For example, denying participation to individuals who 

demonstrate a low grip strength would be inappropriate, as it is not a predictor of success.  

If clinicians only want to offer traditional CIMT to individuals who will make the most 

long-term gains in UE movement capability and amount of use of the affected UE, the 

results suggest enrolling individuals who are able to actively extend their fingers from a 

massed grasp and who have greater Fugl-Meyer UE motor scores.  While improvements 

occur following CIMT with even a very low UE Fugl-Meyer score, the higher the 

baseline score the greater the improvement following therapy.  To determine the 

predicted immediate post-test scores for a given individual, the regression equations 

should be utilized. 
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An important clarification is that these reported results apply to only traditional 

CIMT, when delivered 6 hours per day for 10 consecutive weekdays as delineated in the 

procedure.    They may not be appropriate predictors of success for other methods of 

CIMT delivery, such as modified CIMT,67,69 home-based CIMT, and CIMT delivered in 

a less-intense manner or for a different duration.   

Additional considerations for future studies include investigating the predictors for 

other types of CIMT, when administered in differing intensities or duration.  Another 

research avenue would be investigating the predictors of individuals who do not improve 

with therapy. More specifically, defining predictors that can identify both responders and 

non-responders would be advantageous to proper application of CIMT.   Another 

direction for future research is establishing if the changes in outcomes represent a 

clinically meaningful difference.  In other words, what amount of improvement is needed 

on the outcome measures for the change to be clinically meaningful.  The next step, then, 

would be determining the predictors for individuals who make a clinically important 

change with this therapy. 

Drop-outs 

An additional important finding is the significant difference in the individuals who 

did not complete the follow-up post-test and those that did complete the follow-up post-

test.  Individuals who dropped-out scored significantly lower for grip strength, Fugl-

Meyer UE motor, and the Frenchay Activities Index, indicating lower ability levels.  

Minimal motor criteria and finger extension/grasp release approached significance 

substantiating that lower-functioning individuals have a higher tendency to drop-out from 

the intensive, time-dependent, and often frustrating therapy.   This demonstrates that 

lower-functioning participants are more likely not to return for long-term follow-up. It 
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does not suggest, however,  that lower-functioning individuals cannot improve following 

CIMT 

Statistical Analysis Discussion 

The predictive relationship of various functional predictors on the traditional 

measures of CIMT was investigated using linear regression.  Including the pre-test scores 

as a covariate in the models may be questioned because it increases complexity of the 

model use.  Specifically, a baseline test is required in order to utilize the regression 

equations for prediction of outcomes for CIMT.  The use of the covariate, however, was 

essential to form accurate regression models.   A pre-test for each measure was used as a 

covariate to statistically control for differences that existed before treatment.   

Another statistical option considered was the use of change score or the percent 

change as the dependent measure across time frames.  The use of change scores, 

however, is poor statistical practice for these dependent measures.136,137  The measures 

are not of equal intervals and have ceiling and floor effects, which would lead to 

inaccuracy in model development and interpretation.  According to Allison et. al (1995), 

the use of ratios as response variables in regression should be avoided, if possible in favor 

of including the baseline measure as a covariate in the regression.138  

Controversy exists surrounding the use of step-wise regression.139  While stepwise 

methods are frequently used in behavioral research, Thompson (1995) argues that severe 

limitations exist with this method. 139  For example, he claims that incorrect degrees of 

freedom are often used by the statistical software.  This misuse, however, is accentuated 

when a large number of predictors are ‘thrown’ into the model.  In this study restricting 

the stepwise equation to five predictors decreases the chance of a type I error.  Another 

limitation is that stepwise regression tends to capitalize on sampling error.  In other 
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words,  if your sample is not representative, your results will not be replicable.139  Every 

effort was made for the sample to contain a diverse population of individuals with stroke 

across descriptive and functional categories.  Many recently published articles include 

step-wise regression for predictive modeling.5,7,140,141   According to Jonsson (2000) 

researchers need to be aware of the possible dangers of stepwise model building, use it as 

appropriately as possible, and realize that this kind of approach is an “essential 

component in our efforts to make sense out of the data we are to analyze.”142  Stepwise 

regression was the appropriate methodology to use in this study.  This allows for the most 

efficient and usable models.  If simultaneous entry was used instead of stepwise, it would 

result in including non-significant predictors in the regression equations. This would 

cause greater clinical demand to measure all the predictors in order to employ the model.  

Path analysis or structural equation modeling are techniques that could have also 

been used in analyzing this data.  These methods, however, are more confirmatory than 

exploratory.  In path analysis, a directional pathway is constructed from pre-existing 

knowledge and/or data and then the strength of the path is confirmed.  Since this was the 

first study of its type for CIMT, the objective was to explore the factors that should be 

included in a predictive model.  Path analysis could be a future method to investigate and 

confirm the strength and directionality of this study. 

Limitations 

This study was performed in individuals who met strict inclusion and exclusion 

criteria.  While, this sample was more diverse than most CIMT studies, it is not 

representative of the entire stroke population.  Furthermore, individuals were not 

randomly selected, but were respondents to inquiries for participants.  Second, sample 

size decreased at the follow-up post-test evaluation, leading to a bias for withdrawals.  
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While this bias was dealt with during analysis, using an intention-to treat approach, its 

presence as a limitation is still significant.  Third, due to the relatively small sample size, 

we were unable to evaluate the stability of the model using a portion of the sample as a 

reserve.  These results should be replicated in another sample.  Fourth, the outcome 

measures were chosen due to their abundant use in the CIMT literature, however, 

predictors based on other, more readily used stroke outcome measures should be 

considered.  Finally, a predictor model for longer-term follow-up should also be carried 

out.  This is essential to know predictors of long-term success. 

Conclusions 

CIMT is reported to significantly improve functional use of the upper-extremity in 

20 to 25 percent of people with chronic stroke disability.1  Limited evidence exists, 

however, regarding the specific functional characteristics of individuals who benefit most 

from this intervention.  Significant predictive ability was discovered with finger 

extension/grasp release, minimal motor criteria level, and Fugl-Meyer UE Motor scores.  

These items, when used in the regression equations along with the covariate, can predict 

an individual’s score on the dependent measures.  Selection criteria for participation need 

to be carefully examined to ensure proper inclusion in CIMT studies.  Further 

substantiation of these findings in larger and more diverse samples is warranted in order 

to meet the urgent need of determining the appropriate candidates for CIMT.   

 

 



 

CHAPTER 3 
DESCRIPTIVE PREDICTORS OF CIMT OUTCOMES 

Introduction 

Limited evidence exists regarding characteristics of individuals who are most 

successful with Constraint-Induced Movement Therapy (CIMT).  CIMT is a 

rehabilitative strategy used primarily with the post-stroke population to increase the 

functional use of the neurologically, weaker upper-extremity through massed practice 

while restraining the lesser-involved upper extremity.1    Although stroke is the most 

common disabling condition in America, with 30 to 66 percent of the individuals losing 

functional ability in their more-affected arm and hand, there are few well-researched and 

effective therapies available to individuals post-stroke.2,38  The need for innovative 

rehabilitation is clear.  Solid research evidence supports CIMT, but many questions 

persist about who can benefit from this therapy.1,2,6,10-19,21-24,34,115,143   

Originally tested in an animal model, the results of CIMT studies have demonstrated 

significant and lasting improvements of upper-extremity movement function.1,2,6,10-19,21-

24,34,115,143   Edward Taub and Steven Wolf have published extensively on the 

effectiveness of CIMT.1,2,6,10,13-18,34,44,115,143  Together they have shown that CIMT 

significantly improves functional use of the upper extremity of some individuals with 

chronic stroke.1,14,26  CIMT results have recently been labeled the most promising 

evidence that motor recovery can occur in the hand of a post-stroke individual who has 

some residual purposeful movement.36  While the evidence for CIMT is promising, many 

questions persist concerning who will benefit from this form of therapy.   Selection 
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criteria for participation should be carefully examined to determine who benefits most 

from this intervention what descriptive characteristics are predictive of positive CIMT 

outcomes.   

The aim of this study was to establish a simple predictive model for CIMT 

outcomes based on descriptive characteristics of individuals post-stroke.  The 

identification of clinical predictors for outcomes of CIMT is essential and of value to 

both researchers and clinicians.7  The goal of this study was to establish a clinically 

usable model, not a comprehensive predictor model.  Extensive multivariate models are 

often difficult to use and, therefore, have little value because they are less readily 

incorporated than simple models.8,9   

Methods 

Participants 

A convenience sample of 55 participants was recruited from two CIMT projects at 

the University of Florida and the Malcom Randall VA Medical Center, Brain 

Rehabilitation Research Center. Figure 3-1 presents the main participant characteristics.  

A post-hoc power analysis was conducted to determine the power for the given group 

sample size (see results section).  Participants signed an informed consent prior to 

participation in the study. 

All participants met the following inclusion criteria:  1) diagnosis of at least one 

stroke and not more than three strokes on the same side of the brain,  

2) stroke at least six months prior to study participation, 3) ability to follow simple 

instructions, 4) a score of 20 or higher on the Mini Mental State Exam,116 5) the ability to 

sit independently without back or arm support for five minutes, 6) the ability to stand 

with support of a straight cane, quad cane or hemiwalker for two minutes, 7) the ability to 
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frequency %
L brain stroke 28 51%
R brain stroke 27 49%
Dominant side 
involved 26 47%

Non-dominant 
side involved 29 53%

Female 22 40%
Male 33 60%
Ambulatory 44 80%
Non-ambulatory 11 20%

Ambulatory Status

Gender

Dominance

Side of Stroke

N Min Max Median Mean sd
Time Since Stroke 
(in days)

Age
(in years)

16060 
(45 yrs)

940

62.05 14.6

22955 23781673

55 22 83 66

Figure 3-1.  Descriptive characteristics  

actively participate for six hours of therapy without long rest or nap periods, and 8) 

passive range of motion of all upper extremity motions of at least half the normal range.   

Exclusion criteria included: any health problems that put the participant at 

significant risk of harm during the study; any other neurological conditions such as 

Multiple Sclerosis or Parkinson’s Disease; drugs for spasticity; and pain limiting 

participation in the study. 

Procedure  

Following a pre-test, participants received two-weeks, 10 consecutive weekdays, of 

intensive treatment, six hours per day.  For this period, the unaffected hand was 

immobilized in a padded mitt for 90 percent of their waking hours.  The mitt was used at 

all times except when performing a minimal amount of agreed upon activities (e.g., 

bathroom activities, naps, when the unaffected limb is used for an assistive device in 

walking, of other circumstances when safety was compromised).  The trainer and 

participants signed a behavioral contract establishing agreed upon amounts of mitt use, 

task effort, activity logs and home diaries (Appendix B).  The participants were strongly 
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encouraged to continue to use their weaker hand during activities throughout the day and 

while at home.  After the six hours of intensive therapy, the participant returned home 

and maintained a diary documenting activities and mitt time use.  During the weekends, 

there were no assigned tasks, but the participants were instructed to continue to wear their 

mitt and maintain a home diary (Appendix B).   

During the ten consecutive weekdays, participants received supervised task practice 

using their affected hand and arm.  CIMT activities were chosen from a task menu and an 

activity log was kept by the trainer to demonstrate what tasks had been attempted and 

how the tasks were progressed during training (Appendix B).  CIMT consisted of a set of 

tasks to be performed with the affected upper extremity, such as picking up pencils, 

moving beans from one container to another, stacking blocks and using utensils.  The 

treatment was focused on performance of frequent movement repetitions while 

performing functional activities.  To remain challenging, as performance improved, tasks 

were increased in complexity and difficulty.   For example, as the time to complete a task 

decreased, the task was raised to a higher surface, or farther away.  The tasks were 

functional in nature, but were modified to allow some success.  The ten-days of training 

were followed by an immediate post-test and a 4-6 month follow-up post-test. 

Outcomes Measures 

Two main outcome measures, commonly reported in CIMT studies, were used for 

this study: 1) the Wolf Motor Function Test (WMFT), a test of movement capability and 

2) the amount component of the MAL (MALa), a test of perceived use. 

The WMFT, developed by Stephen Wolf and modified for use in CIMT trials, has 

been used successfully as CIMT outcome measures for several years.12,117-126  This test 

evaluates movement capability through a series of 15 timed tasks and two strength tasks.  

 



54 

Only the timed tasks were used in this study (Appendix B).  The tasks, which are 

modeled from the Jebson Taylor Hand Test,127 progress from joint specific to multi-joint 

movements.13-17,115  The reliability of the WMFT has been reported with inter-rater 

reliability established at r=0.93, as measured by an intraclass-correlation coefficient.128  

The WMFT is administered first to the less-involved UE and then to the more-involved 

UE.  The WMFT outcome measure is reported as a mean of the affected task times minus 

the mean of the unaffected task times.   

The MAL is a commonly used CIMT outcome measure.12,117-126  It is a 30-question 

structured interview in which the participants respond with a number corresponding to a 

given amount of use or perception of how well they have used their affected arm when 

away from the laboratory environment.13-17,115  For example, the participant would 

respond to the question: “How much do you use your more affected arm to turn on a light 

switch?” by choosing the appropriate response from the MAL amount scale (Figure 3-2). 

The mean of the “amount” section of the MAL was used as an outcome measure.  The 

“how well” scale was not used in this study (Appendix B).  The interrater reliability for 

the MAL is 0.94.13,15,16   

Selected Prospective Predictors 

Six prospective descriptive predictors are investigated:  1) side of stroke, 2) time 

since stroke, 3) hand dominance, 4) age, 5) gender, and 6) ambulatory status.  These 

predictors were included in the regression model for several reasons.  First, many of these 

predictors appear in stroke rehabilitation research as predictors of other outcomes, such 

as differing therapeutic interventions, return to function, and return to life roles.  Second, 

these predictors are often discussed in CIMT literature as having a potential to impact 
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0.0 Did not use my weaker arm for the activity (not used)
0.5
1.0 Occasionally tried to use my weaker arm for that activity (very rarely)
1.5
2.0 Sometimes used my weaker arm for that activity but did most of the activity with my stronger arm (rarely)
2.5
3.0 Used my weaker arm for that activity about half as much as before the stroke (half pre-stroke)
3.5
4.0 Used my weaker arm for that activity almost as much as before the stroke (3/4 or 75% pre-stroke)
4.5
5.0 Used my weaker arm for that activity as much as before the stroke (same as pre-stroke)

Motor Activity Log Amount Scale

 
Figure 3-2.  Participant response choices for MAL amount scale 

outcomes.  Third, some predictors demonstrated strong predictive value in the pilot 

studies (Appendix A).    

Side of stroke 

Side of stroke is an obvious factor to consider when studying the effects of CIMT.  

A great deal of research has assessed right versus left-brain functions, right-sided versus 

left-sided strokes, and the varying effects that these have on patients’ presentation, 

functioning, and outcomes.  Ornstein (1997) states that over the last 25 years greater than 

45,000 articles and books have been written on the two hemispheres.84   While some 

CIMT studies have included participants with both left and right-hemispheric damage, 

there was no main effect found for side of hemiparesis.15  Specifically, studies showed no 

differences in outcomes based on an individual’s side of hemiparesis. 

Generally speaking, the left hemisphere is concerned with analytical processing of 

individual components, sequencing of tasks, and language, while the right hemisphere is 

more focused on perception of whole and spatial tasks.85  An individual who sustains a 

left-brain stroke may present with an inability to solve problems, is often more easily 

angered and frustrated, has impaired retention of information, and may present with 

language difficulties and/or apraxia.85  If an individual has difficulty with language, they 

may have more difficulty understanding the directions for the therapy.  They may be 
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limited in keeping track of their home-activity log or they may misunderstand directions.  

In addition, this limitation could be augmented by the fact that individuals with left-brain 

damage also have impaired retention of information.  With communication difficulty, 

there may be increased levels of frustration, especially given the social nature of CIMT 

that develops due to extensive time with trainers.  Furthermore, frustration is often 

greater in individuals with left-brain damage, so a frustrating therapy, such as CIMT, may 

easily add to the already pre-existing tendencies towards increased levels of frustration.  

This frustration could lead to decreased levels of motivation or possibly difficulties with 

compliance.  Individuals with left-brain stroke also have more difficulty with problem-

solving.  Again, this could lead to more difficulties with the therapy, as problem solving 

for new compensatory strategies are often essential to success with the therapy.   

An additional limitation that may affect individuals with a left-brain stroke is 

apraxia.  Nothing is reported in the CIMT literature regarding outcomes for individuals 

with apraxia.  Apraxia is defined as a disorder of skilled movement not caused by 

weakness, ataxia, akinesia, deafferentation, inattention to commands, or poor 

comprehension.86  Apraxia is a disorder of a praxis system, and this praxis system 

involves memory representations that are formed based upon experiences with purposive 

actions.87  People with apraxia predominantly present with right hemiparesis, affecting 

their dominant right hand.  Those with apraxia may have spatial or timing errors, such as 

a delay in initiation or inappropriate pauses, noticed especially when the plane or 

trajectory needs to be changed.  Timing errors also present as failing to coordinate 

appropriate speed of movement with that required of the task.89 These types of errors may 

impede acquisition90 of new motor skills, and thus, result in increased difficulty with 
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therapies such as CIMT.  As presented, individuals with left-brain stroke may have 

unique challenges that could influence success with CIMT. 

Persons with right-brain stroke, however, also have distinctive problems that could 

limit success with CIMT.  They present with left-side neglect, often have difficulty with 

spatial-perceptual tasks, are more impulsive, and frequently have greater balance 

problems.85  

Unilateral neglect is common following right-hemispheres stroke, with a reported 

incidence varying significantly from 10 to 82 percent having left-neglect.91  Neglect is the 

inability to attend, or orient to, meaningful stimuli contralateral to the lesion.89  Neglect 

may be either a problem recognizing sensory stimuli or it may be a problem with motor 

planning in response to  stimuli.91  Whether a CIMT participant presenting with either 

type of neglect would benefit from the therapy is unknown.  Individuals with neglect may 

have significant difficulties attending to the CIMT tasks.  Neglect would then result in 

interference with motor acquisitions, leading to poorer outcomes.  Conversely, 

individuals may be able to overcome the inattention caused my neglect, due to the 

constant attention-driven methods of CIMT, and demonstrate improvement.   

Individuals with right-brain stroke also present with spatial-perceptual deficits that 

may result in difficulty performing some components of the training.  This difficulty 

could lead to increased levels of frustrations with the therapy and affect overall success.  

In addition, individuals with right-brain stroke often have increased balance problems.  

The balance problems could lead to decreased time wearing the mitt and issues with 

compliance.   Mitt time could be decreased in individuals with balance problems because 

of increased safety concerns and or use of an assistive device.   The various presentations 
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of pathology attributed to side of lesion could affect outcomes following CIMT, 

therefore, it is included as a potential predictor.   

Time since stroke 

Recovery of function after stroke is multi-causal.  Spontaneous recovery, related to 

time since stroke, contributes to improvement in motor function following stroke.92  

CIMT, given acutely during this period, could possibly enhance spontaneous recovery 

and boost functional recovery.  Conversely, early attempts at forcing the use of the 

hemiparetic upper extremity could lead to worsened learned non-use.  The learned non-

use could be enhanced at such an early time when an individual may have limited 

function, because increased use of their weakened hand may lead to failure or pain.  This 

would result in negative reinforcement and subsequent increased learned non-use.  Some 

would argue against worsened learned non-use, however, by insisting that CIMT is 

gauged to the functional level of an individual. The positive reinforcement that is a key 

component to CIMT would, therefore, circumvent development of learned non-use.   

Furthermore, CIMT is based on the assumption that the nervous system always remains 

plastic, thus the time of administration of therapy would not be a factor.  Improvements 

would, then, be possible at any time following the insult.1  While people who are as much 

as 18-years post stroke have demonstrated functional improvements,2  the literature 

results are still unclear if individuals in the chronic phase of stroke  can improve to the 

same extent as those who have sustained a stroke more recently.  Beginning CIMT in the 

acute, sub-acute or chronic phase after stroke may affect outcomes.   

Time since stroke is often used as a predictor for stroke outcomes.5,57-59,93-95   

Findings from longitudinal studies, with repeated measures across time, demonstrate that 

neurological recovery shows a nonlinear progression pattern as a function of time, but 
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few individuals show additional improvement after three months post-stroke.5,57-59,93-95  

The length of time, in which there is a lack of improvement following a stroke, reflects 

the intrinsic cerebral damage and should be seen as an important predictor of poor 

outcome.5,92  While the greater the time since stroke is associated with poorer functional 

recovery, the attention-driven methods of CIMT may counteract this temporal 

relationship, resulting in improvements at any time post stroke. 

Hand dominance  

 Hand dominance affects an individual’s functional ability after a stroke, yet 

current CIMT studies have not sufficiently addressed dominance and its role in functional 

recovery.96  Hand dominance is a behavioral manifestation of hemispheric asymmetry.  

CIMT’s effectiveness, as it relates to upper-extremity dominance, is unclear.  The early 

CIMT studies excluded individuals with left-hand dominance or left hemiplegia, in order 

to test and analyze with less variance.10,16    The generalizability, therefore, to non-right 

handers is limited.  

Another interesting, yet unexplored question, is whether CIMT is of greater benefit 

to individuals with dominant-side hemiparesis as opposed to non-dominant hemiparesis.  

Intuitively, one may consider that people with dominant-side hemiparesis would be more 

motivated to regain function of the affected extremity because this is the extremity of 

functional preference and practiced motor skill.  Moreover, the dominant hemisphere has 

more intricate motor programs with better-developed coordination and skill, thus 

translating to improved neural representation.  Does this pre-morbid increased 

representation of the dominant hand remain post-stroke, allowing for increased ease in 

recovery of function?  In contrast, an individual with a non-dominant-side stroke could 

possibly return to a previous level of functioning at a quicker pace as compared to a 
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dominant-side stroke.  This possibility exists because of the decreased functional 

demands on the non-dominant extremity.  The relationship of functional return following 

CIMT to pre-morbid handedness and motivation to regain use of a dominant extremity is 

unclear.   Perhaps, a more interesting question is to investigate if dominance plays a role 

in predicting recovery at the follow-up assessment.  The intense methods of CIMT may 

allow for no difference to be observed between individuals with dominant and non-

dominant hemiparesis immediately following CIMT, however, this may change at 

follow-up.  Obviously, dominance is an important issue that needs to be investigated as a 

predictor of function following CIMT. 

Age 

The research literature to date presents conflicting results regarding the role of age 

in rehabilitation.  On one hand, motor performance factors have been demonstrated to be 

greatly influenced by age.97-100  Certainly age could be an important predictor of recovery 

potential following stroke.98-100  According to Jongbloed (1986), age was identified as a 

significant prognostic factor in numerous studies.101-104   Specifically, these studies 

indicate that age is negatively correlated with functional return.  In studies reporting age 

as a factor, however, additional contributors of functional limitations such as co-

morbidities, presence of a caregiver, and severity of stroke are frequently not accounted 

for.  On the other hand, conflicting studies have shown that age does not have a negative 

impact on function over time.101  In fact, much research has demonstrated the benefits of 

intensive stroke rehabilitation programs regardless of age.4,100,105,106  Kugler et al. (2003) 

states that age should not be a limiting factor in the early rehabilitation of stroke 

patients.98  The role age plays as a predictor of outcomes post-stroke is uncertain.  The 
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inclusion of age in the regression as a potential predictor is important to help clarify the 

role age plays in CIMT. 

Gender 

The relationship between gender and stroke rehabilitation is not well explored.  

Scarce information exists about gender differences in the management of individuals with 

stroke.107   Research on gender differences following stroke is needed in order to provide 

useful insight for long-term intervention and establishment of appropriate therapy.107  The 

direct relationship between incidence of stroke and advancing age means that female 

patients, because they have a longer life expectancy than males, may bear the burden of 

much of the disease and subsequent disability.107  Wyller et al. (1997) studied gender 

difference in functional outcomes following stroke.108  Utilizing age-adjusted odds, these 

authors concluded that women seem to be functionally more impaired by stroke than 

men. 108  In addition, women are diagnosed with depression twice as frequently, which is 

strongly correlated with  more impairment and loss of function.109  Conversely, Twigg et 

al. (1998) found no significant correlation between gender and functional outcomes 

following stroke.110  Time since stroke differences in the previously mentioned studies 

could explain some of the contradictory results.  For example, the study that observed 

differences between genders108 was performed in a chronic population, one-year, post-

stroke, while the study that found no differences between genders utilized the acute and 

sub-acute population at a rehabilitation facility.110  Gender differences may not emerge 

until further in the recovery process.  Nonetheless, the question regarding gender 

influence on outcomes following stroke is important and remains unclear. 
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Ambulatory status 

Ambulatory status was included as a potential predictor of upper-extremity 

recovery for several reasons.  This predictor is included in the regression model because 

cumulative deficits post-stroke can affect individuals functional outcomes.111  Individuals 

who are non-ambulatory, therefore, may have poorer outcomes.  Moreover, while the 

most rapid recovery for both upper and lower extremities occurs within the first 30 days 

after stroke, the severity of motor impairments and the subsequent patterns of recovery 

are similar for both extremities.112  A relationship exists, therefore, between upper and 

lower extremity motor recovery.112  

In addition, the ability to walk is a strong predictor of functional outcomes112  and 

has been included in regression models previously for stroke recovery.113  Individuals 

who are able to ambulate may be able to use their hand in more functional tasks.   If a 

participant is able to stand and walk, they have more synergies available to accomplish 

gross motor tasks.  Furthermore, if someone is walking they may spontaneously find 

themselves involved in more activities due to increased access.  Ambulatory status could 

lead to increased independence with tasks, and therefore, ambulators may be better 

candidates for CIMT.  Including ambulatory status allows for a simple predictor that 

could potentially be very useful for determination of outcomes following CIMT.  For the 

purposes of this study, ambulation was used as a dichotomous variable.  If the participant 

presented to the clinic ambulating, with or without an assistive device, then they were 

considered functionally ambulatory.  If they presented in a wheelchair the majority of the 

time, they were categorized as non-ambulatory. 
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Data Analysis 

Demographic and clinical presentation characteristics of the study sample are 

described using the mean, median and standard deviation for continuous variables, and 

using frequencies and percentages for categorical variables.  For the intention-to-treat 

analysis demographic and clinical characteristics of the patients who were admitted to the 

program, but who did not participate in the 4-month follow-up evaluation, were 

compared with participants who completed the follow-up to determine differences that 

could result in a bias.  The continuous variables from the intention-to-treat analysis were 

analyzed using t-tests and categorical variables using Chi square tests or Fisher’s exact 

tests.  All data were analyzed using an intention to treat approach in which the pre-test 

scores were used as the follow-up post-test scores for those participants that did not 

return for the follow-up.  

The normality of the data for the WMFT and the MALa as dependent variables was 

visually verified with probability plots (P-P) and statistically verified with the 

Kolmogorov-Smirnov f test. The MALa met assumptions of normality, however, the 

WMFT required transformation using the natural log [ln] to meet assumptions of 

normality.   

The predictive relationships of various descriptive variables on the traditional 

measures of CIMT were investigated.  The independent variables were used to develop a 

general linear model for the dependent variables individually: the WMFT (aim 1) and the 

MALa (aim 2). These analyses were performed for the immediate post-test and the 

follow-up post-test.  The immediate post-test regression allowed for determination of 

predictors of immediate success.  The follow-up post-test represented changes overall 
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from the first test period to the last testing period allowing insight into predictors of long-

term success (Figure 3-3). 

Follow-up  
post-test 

Time Frame 2 Time Frame 1 

Immediate post-test 
Pre-test 

14 days 4-6 months 

Figure 3-3.  Timeline for testing of dependent variable 

Potential predictors were selected for the development of a general linear model for 

the prediction of outcomes with CIMT.  The pretest scores for each of the dependent 

measures were used as covariates to statistically control for group differences that existed 

before treatment.  A forward stepwise procedure was employed in which the variables 

were examined at each step for entry or removal from the model.  The least significant 

variables were removed from the model, based on their level of association with the 

dependent variable at each step.   Adjusted R-square values, p-values and 95 percent 

confidence intervals (CIs) were calculated.  Thorough regression diagnostics were run 

and jackknife residual analyses were performed to verify the basic assumptions.  

Multicollinearity among predictor variables in the regression models was assessed using 

a variance inflation factor (VIF).   

Results 

Power Analysis 

A post-hoc power analysis was conducted to determine the power for the sample 

size (n=55). The effect size (f2) for the WMFT immediate post-test and follow-up post-

test and the MALa immediate post-test and follow-up post-test was determined from the 

data and they are 3.30, 2.58, 0.70, and 0.89, respectively.  Using these effect sizes, the 
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sample size of 55 participants at an α=0.05, for six predictors, met an average power level 

ß= 1.0.   This strong power can be attributed primarily to the presence of the covariate in 

the model.  Descriptive Characteristics 

The descriptive statistics of the independent variables are presented in Figure 3-1.   

Intention-to-Treat Analysis 

An intention-to-treat analysis was selected for this study because of the differences 

in functional level between those that completed the study and those that did not.  Nine 

participants (16%) did not return for the follow-up post-test evaluation.  There was no 

significant difference for the descriptive variables for the individuals that completed the 

study and those that dropped-out (Table 3-1 and 3-2).  Individuals with lower ability 

levels, however, showed significantly higher drop-out rates.  For example, individuals 

that dropped out had a significantly lower UE Fugl-Meyer motor score and grip strength 

than those that completed the follow-up post-test evaluation.  For this reason, an 

intention-to-treat analysis was used due to the significant differences in functional level 

found between the group that completed the follow-up post-test and the group that did 

not.129-132 

Table 3-1.  Chi-Square and Fisher’s exact test for the differences across categorical 
independent variables between those participants who completed the follow-
up post-test and those that did not complete the evaluation 

 

Drop-outs Completed Chi-square Fisher's Exact 
Test

L 2 26
R 7 20

dom 4 22
non 5 24
F 3 19
M 6 27

yes 6 38
no 3 8

Independent Categorical 
Variables

Gender

0.06 0.078Side of stroke

Dominance

Ambulatory

10.853

0.274 0.362

0.655 0.727

 



66 

Table 3-2.  T-test for difference across continuous independent variables between those 
participants who completed the follow-up post-test and those that did not 
complete the evaluation 

 

Multiple Regression Modeling 

Aim 1:  Wolf Motor Function Test modeling 

Side of stroke (right= 0, left=1), time since stroke, hand dominance (nondominant= 

0, dominance=1), age, gender (male=0, female=1), and ambulatory status (no=0, yes=1) 

were entered into a linear multiple regression model with stepwise entry using the 

[ln]WMFT post-score as the dependent variable and entry of the WMFT pre-score as the 

covariate.  None of the potential predictor variables made significant contributions to the 

WMFT post-score.  The model accounted for 0.769 of the variance in [ln]WMFT at 

immediate post-test with the covariate alone.  The B and p-values for all the independent 

variables are listed in Table 3-3.  The final regression equation is as follows. 

[ln]WMFTpost’= .967 +(.04111)(WMFTpre)  

The same independent variables were entered into a second linear multiple 

regression model with stepwise entry using the [ln]WMFT follow-up post-test score as 

the dependent variable.  Similarly, no significant independent variables emerged.  This 

model accounted for 0.721 of the variance in WMFT at follow-up post-test with the 

covariate alone.  This model is very similar to the WMFT immediate post-test model.  

The B and p-values for all the independent variables are listed in Table 3-3.  The final 

regression equation is as follows. 

[ln]WMFTfu’= 1.174 +(.03811)(WMFTpre)  

Drop-outs Completed
Time since stroke 1518 (1143) 1703 (2559) 0.73
Age 64.89 (17.8 61.5 (14.1) 0.6

mean (sd) t-test 
(sig)

Independent Continous 
Variables
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Table 3-3.  The adjusted R squared for the [ln] WMFT models, the B weights, the p-
values for all the predictors, and the confidence intervals for the significant 

im 2:  Motor Activity Log- amount modeling 

d into a third linear multiple regression 

mode

s. 

iple 

regres s the 

est 

variables are listed in Table 3-4 and the regression equation is as follows. 

predictors are listed.  

 WMFT MODELS

 

 Adjusted R square
F (sig)

INDEPENDENT VARIABLES B p-value (CI) B p-value (CI)
Covariate (WMFT pre-score) 0.041 0.000 (.035,.047) 0.038 0.000 (.032,.045)
Side of stroke (right=0, left=1) 0.073 0.277 0.140 0.055

Time since stroke 0.014 0.832 0.044 0.552
Hand dominance (non=0, dom=1) 0.022 0.740 0.115 0.110

Age -0.114 0.089 -0.089 0.230
Gender (male=0, female=1) 0.040 0.549 0.071 0.329

Ambulatory status (no=0, yes=1) 0.041 0.554 0.009 0.907
Constant 0.967 0.000 (.063,1.305) 1.174 0.000 (.819,1.529)

0.769 0.721
180.791 (.000) 140.459 (.000)

[ln] Follow-up post-test Immediate post-test

A

The same independent variables were entere

l with stepwise entry using the MAL amount immediate post-test as the dependent 

variable.  Ambulatory status was the only significant predictor for the MALa.  All other 

variables were removed during the regression analysis.  This model accounted for 0.410 

of the variance in MALa at the immediate post-test. The B and p-values for all the 

independent variables are listed in Table 3-4 and the regression equation is as follow

MALapost’= .994 +(1.148)(MALpre) + (1.033)(Ambulatory Status) 

The same independent variables were entered into a fourth linear mult

sion model with stepwise entry using the MALa follow-up post-test score a

dependent variable.  At the follow-up post-test, age was the only significant predictor 

variable.  This model accounted for 0.472 of the variance in MALa at follow-up post-t

and the regression equation is as follows. The B and p-values for all the independent 
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MALafu’= 2.308 +(1.047)(MALpre) - (0.0196)(Age) 

Table 3-4.  The adjusted R squared for the MAL amount models, the B weights, the p-
values for all the predictors, and the confidence intervals for the significant 

nfluence the regression 

estim ual 

.  

 

ere 

The goal of this study was to det gnificant descriptive predictors of 

gly, only two descriptive characteristics demonstrated a 

predic

ghts, the p-
values for all the predictors, and the confidence intervals for the significant 

nfluence the regression 

estim ual 

.  

 

ere 

The goal of this study was to det gnificant descriptive predictors of 

gly, only two descriptive characteristics demonstrated a 

predic

predictors are listed.  predictors are listed.  

MALafu’= 2.308 +(1.047)(MALpre) - (0.0196)(Age) 
 

The largest value of the variance inflation factors was <1.07, indicating that 

MALafu’= 2.308 +(1.047)(MALpre) - (0.0196)(Age) 
 

The largest value of the variance inflation factors was <1.07, indicating that 

INDEPENDENT VARIABLES B p-value (CI) B p-value (CI)
Covariate (MALa pre-score) 1.148 .000 (.706,1.589) 1.047 0.000 (.717,1.378)
Side of stroke (right=0, left=1) -0.087 0.413 0.018 0.858

Time since stroke 0.153 0.144 0.086 0.400
Hand dominance (non=0, dom=1) -0.049 0.646 0.152 0.127

Age -0.137 0.239 -0.020 .026 (-.037,-.002)
Gender (male=0, female=1) 0.015 0.886 0.047 0.638

Ambulatory status (no=0, yes=1) 1.033 .015 (.205,1.861) 0.104 0.350
Constant 0.994 .012 (.225,1.764) 2.308 0.000 (1.148,3.467)

MAL amount MODELS

ted R square
F 

 Adjus
(sig)

Follow-up post-test

0.410 0.472

 Immediate post-test

19.749 (.000) 25.093 (.000)

multicollinearity among the predictors did not unduly imulticollinearity among the predictors did not unduly i

ates.133  The adequacy of the final regression model was examined.  Upon vis

examination of the histogram, the residuals appeared to be normally distributed

Presence of outliers was assessed using Jackknife residuals.  The sample contained two

outliers for the WMFT model.  The influence and accuracy of these data points w

assessed and they remained in the model.134,135  These post-hoc regression diagnostics 

results suggested that the regression analysis was appropriate.  

Discussion 

Multiple Regression Modeling 

ates.133  The adequacy of the final regression model was examined.  Upon vis

examination of the histogram, the residuals appeared to be normally distributed

Presence of outliers was assessed using Jackknife residuals.  The sample contained two

outliers for the WMFT model.  The influence and accuracy of these data points w

assessed and they remained in the model.134,135  These post-hoc regression diagnostics 

results suggested that the regression analysis was appropriate.  

Discussion 

Multiple Regression Modeling 

ermine the siermine the si

outcomes for CIMT.   Interestinoutcomes for CIMT.   Interestin

tive relationship, ambulatory status and age.  Both of these predictors showed a tive relationship, ambulatory status and age.  Both of these predictors showed a 
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relationship with the MALa outcome.  None of the potential predictors showed a 

predictive relationship with the WMFT. 

Ambulatory status was a significant predictor for the amount section of the MAL 

imme

ter 

aker 

 descriptive characteristic that has a predictive relationship with 

amou

 

 

the 

 

 

WMFT, however, is not affected by increasing age.   

diately following therapy.  This means, if two individuals have the same MALa 

score at baseline, the individual who is a functional ambulator is predicted to have grea

improvements in amount of hand and arm use following the two-week intervention.  

Ambulation may allow individuals greater access and more opportunity to use the we

hand, which would translate to improved scores on the amount section of the MAL.  This 

said, ambulation is not a significant predictor for the MALa at follow-up post-test.  While 

a functional ambulator may have better outcomes initially, these differences are not 

sustained long-term.   

Age is the second

nt of use of the more affected UE following CIMT.  Age is only a predictor for the 

amount section of the MAL at follow-up post-test.  Assuming the same baseline MAL 

score, as age increases, the predicted MAL at follow-up post-test decreases.  There is an

inverse relationship, therefore, between MAL and age.  Although there is a general belief

that younger persons have greater potential for recovery,144,101-104 much research has 

demonstrated the benefits of intensive stroke rehabilitation programs regardless of 

age.4,100,105,106  For this study, age is only a predictor of long term amount of use of 

more affected UE, not movement  capability of the affected UE.  As an individual ages,

therefore, the amount of use of their more affected arm and hand does not increase to the

same degree as for someone who is younger.  Movement capability, as measured by the 
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Other Potential Predictors 

Side of stroke, time since stroke, hand dominance, and gender were not predictive 

ediately after, or four months following, CIMT.  Knowing 

what 

er. 

theref  future, 

f 

al 

n this sample was approximately 7 months post-stroke.  A 

samp

ntly debated and questioned topics.  Intuitively, one may assume that 

indivi on 

hich 

ell in 

of the outcome measures imm

variables are not predictive is valuable and necessary when screening a potential 

client for CIMT.  Expressly, individuals should not be discriminated against for 

participation in CIMT based upon side of stroke, time since stroke, dominance, or gend

Side of lesion was not a significant predictor of outcomes despite the vast 

differences in presentation.  Individuals with both right and left-sided hemiparesis, 

ore, should continue to be considered as potential CIMT candidates.  In the

side of stroke could be further delineated to see if apraxia or neglect are predictors o

outcome with this therapy. 

Time since stroke was not a CIMT outcome predictor in this study.  The individu

with the most acute stroke i

le that includes individuals with acute stroke, however, may have differing results.  

Incorporating a more diverse sample could lend further insight into this potential 

predictor.  This result should be encouraging for those individuals with chronic disability 

for stroke. 

The role hand dominance plays in CIMT and stroke rehabilitation is one of the 

most freque

duals with dominant-side hemiparesis would be more motivated to regain functi

of the affected extremity.  Our findings support those of Miltner et al. (1999)  in w

dominance does not seem to be a factor in outcomes for CIMT.15  Interestingly, 

dominance also did not play a role in long term-follow up.  Assuming equal baseline 

scores, therefore, individuals with non-dominant hemiparesis would function as w
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the long term as those with dominant-side hemiparesis in both movement capability an

amount of use.  This implies that functional return following CIMT is not related to 

dominance and may not be related to motivation to regain use of a dominant extremity.   

Gender did not emerge as a significant predictor of outcomes for CIMT.  To da

there is little information that exists regarding gender differences post-stroke.107   The 

d 

te 

result

edictors 

ediate post-test or at the follow-up post-test.  Specifically, we know 

that n

te 

hose for the follow-up 

post-t

ays as delineated in the 

s of this study indicate that gender is not an influential predictor for CIMT 

outcomes.   

Of interest is that none of the potential predictors emerged as significant pr

for the WMFT at imm

one of the descriptive variables were predictors of movement capability of the 

affected UE, as measured by the WMFT.   This is a significant finding within itself for 

the development of more inclusive criteria for study participation. 

While the finding that ambulatory status is a significant predictor for the immedia

post-test for the MALa, the predictors that are of most interest are t

est.  More specifically, the predictors of how individuals perform 4-6 months after 

the treatment.  The most ideal candidates, the ones that will improve the most in the long-

term, are those that are younger.     If clinicians, therefore, only want to offer traditional 

CIMT to individuals who will make the most gains in amount of use of the affected UE 

in the long-term, the results of this study suggests offering it to individuals who are 

younger. Important to clarify, however, is that older individuals make meaningful gains 

with therapy, just not to the same extent as younger individuals. 

An important clarification is that these reported results apply to only traditional 

CIMT, when delivered 6 hours per day for 10 consecutive weekd
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procedure.  They may not be appropriate predictors of success for other methods of 

CIMT delivery, such as modified CIMT,67,69 home-based CIMT, and CIMT delivered in 

a less-intense manner or for a different duration.  For example, age may not be a 

significant predictor if the therapy was less intense.  An older individual, for instance, 

may be able to more actively participate in CIMT if it was only three hours per da

instead of six hours.  The qualification is that this study represents strictly traditional 

CIMT, as reported in the research literature. 

Additional considerations for future studies include investigating the predictors 

other types of CIMT, when administered in d

y 

for 

iffering intensities or duration.  Another 

resear

n-

 next step, 

arious descriptive predictors on the traditional 

ted using linear regression.  Including the pre-test scores 

as a c e 

s 

ch avenue would be investigating the predictors of individuals who do not improve 

with therapy. Specifically, defining predictors that can identify both responders and no

responders would be advantageous to proper application of CIMT.   Another direction for 

future research is establishing if the changes in outcomes represent a clinically 

meaningful difference.  In other words, what amount of improvement is needed on the 

outcome measures for the change to be perceived as clinically meaningful.  The

then, would be determining the predictors for individuals who make a clinically 

important change with this therapy. 

Statistical Analysis Discussion 

The predictive relationship of v

measures of CIMT was investiga

ovariate in the models may be questioned because it increases complexity of th

model use.  Specifically, a baseline test is required in order to utilize the regression 

equations for prediction of outcomes for CIMT.  The use of the covariate, however, wa
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essential to form accurate regression models.   A pre-test for each measure was used as a 

covariate to statistically control for differences that existed before treatment.   

Another statistical option considered was the use of change score or the percent 

chang

sures 

1995), 

 

  While stepwise 

metho

 

ery 

it as 

epwise 

e as the dependent measure across time frames.  The use of change scores, 

however, is poor statistical practice for these dependent measures.136,137  The mea

are not of equal intervals and have ceiling and floor effects, which would lead to 

inaccuracy in model development and interpretation.  According to Allison et. al (

the use of ratios as response variables in regression should be avoided, if possible in favor

of including the baseline measure as a covariate in the regression.138  

Controversy exists surrounding the use of step-wise regression.139

ds are frequently used in behavioral research, Thompson (1995) argues that severe 

limitations exist with this method.139  For example, he claims that incorrect degrees of 

freedom are often used by the statistical software.  This misuse, however, is accentuated

when a large number of predictors are ‘thrown’ into the model.  In this study restricting 

the stepwise equation to 6 predictors decreases the chance of a type I error.  Another 

limitation is that stepwise regression tends to capitalize on sampling error.  In other 

words,  if your sample is not representative, your results will not be replicable.139  Ev

effort was made for the sample to contain a diverse population of individuals with stroke 

across descriptive and functional categories.  Many recently published articles include 

step-wise regression for predictive modeling.5,7,140,141   According to Jonsson (2000) 

researchers need to be aware of the possible dangers of stepwise model building, use 

appropriately as possible, and realize that this kind of approach is an “essential 

component in our efforts to make sense out of the data we are to analyze.”142  St
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regression was the appropriate methodology to use in this study.  This allows for the mo

efficient and usable models.  If simultaneous entry were used instead of stepwise, it 

would result in including non-significant predictors in the regression equations. This

would cause greater clinical demand to measure all the predictors in order to employ t

model.  

Pat

st 

 

he 

h analysis or structural equation modeling are techniques that could have also 

been 

 the 

d 

eficial therapy for individuals post-

stroke

IMT 

ls 

ls.  In 

used in analyzing this data.  These methods, however, are more confirmatory than 

exploratory.  In path analysis, a directional pathway is constructed from pre-existing 

knowledge and/or data and then the  strength of the path is confirmed.  Since this was

first study of its type for CIMT, the objective was to explore the factors that should be 

included in a predictive model.  Path analysis could be a future method to investigate an

confirm the strength and directionality of this study. 

While CIMT has been demonstrated to be a ben

, the descriptive characteristics that are predictive of CIMT outcomes were 

unclear.1,2,6,10-25,115  The identification of these clinical predictors for outcomes of C

is needed to target the appropriate populations.  The goal of this study was to establish 

usable models, not extensive or comprehensive models.  While detailed models serve a 

function, they are less readily utilized and have little predictive capability over simple 

models.8,9  Often models with only a few predictors have almost equal strength to mode

with multiple predictors.8,9 Other predictive variables could have been included in this 

model, potentially making it more inclusive.  For example, cognitive function or 

motivational variables may have increased the predictive capability of these mode

addition, modern imaging techniques could have been included to identify type or 
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location of lesion, since they are valuable in prediction of stroke outcomes.114   The

additional predictors would add to the complexity of the model, making it m

se 

lt 

dy was performed in individuals who met strict inclusion and exclusion 

criter

 

ple 

, 

arried 

CIMT is reported to significantl tional use of the upper-extremity in 

20 to 

t 

ors, and 

g 

ore difficu

to use and clinically less practical, while potentially adding little strength to the model.   

Limitations 

This stu

ia.  While, this sample was more diverse than most CIMT studies, it is not 

representative of the entire stroke population.  Furthermore, individuals were not

randomly selected, but were respondents to inquiries for participants.  Second, sam

size decreased at the follow-up post-test evaluation, leading to a bias for withdrawals.  

While this bias was dealt with during analysis, using an intention-to treat approach, its 

presence as a limitation is still significant.  Third, due to the relatively small sample size

we were unable to evaluate the stability of the model using a portion of the sample as a 

reserve.  These results should be replicated in another sample.  Fourth, the outcome 

measures were chosen due to their abundant use in the CIMT literature, however, 

predictors based on other, more readily used stroke outcome measures should be 

considered.  Finally, a predictor model for longer-term follow-up should also be c

out.  This is essential to know predictors of long-term success. 

Conclusions 

y improve func

25 percent of people with chronic stroke disability.1  Limited evidence exists, 

however, regarding the specific descriptive characteristics of individuals who benefi

most from this intervention.  Significant predictive ability was discovered with 

ambulatory status and age.  Ambulators had greater outcomes than non-ambulat

an inverse relationship was demonstrated between age and amount of use.  When enterin
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ambulatory status and age in the regression equations, along with the covariate score, an 

individual’s outcome can be predicted.  Further substantiation of these findings in larger 

and more diverse samples is warranted in order to meet the urgent need of determining 

the appropriate candidates for CIMT.   

 
 
 
 
 
 

 



 

CHAPTER 4 
GENERAL SUMMARY AND CONCLUSIONS 

Specific and detailed discussion sections have been provided previously concerning 

the two studies of functional and descriptive predictors for CIMT outcomes.  The purpose 

of this final chapter is to summarize and integrate the key findings for each experiment.   

Overview 

While CIMT has been proven to be a beneficial therapy for individuals post-stroke, 

the functional and descriptive characteristics that are predictive of CIMT outcomes have 

been unclear.1,2,6,10-25,115 The identification of these clinical predictors is needed to target 

the appropriate populations.  The goal of these experiments was to establish meaningful 

and clinically usable models, not extensive or comprehensive models.  Although 

extensive and detailed models serve a function, they are less readily utilized and have 

little predictive capability over simple models.8,9   Often regression models with only a 

few predictors have almost equal strength to models with multiple predictors.8,9 

The two research papers discriminate between the influences of various functional 

and descriptive predictive factors on the outcomes of CIMT divided into two essential 

time frames.  These timeframes were necessary to establish the potential predictors of 

those who improved most during the treatment phase and those individuals who 

maintained or improved functional gains four to six-months after the CIMT 

intervention.100   Previous CIMT studies suggest that functional gains are persistent,1,16 

signifying individuals maintain improvements that are made during the training program.  

77 
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Identifying the predictors of individuals who are able to maintain functional gains at the 

long-term function is of primary importance. 100   

Experiment I Summary 

The goal of this study was to determine the significant functional predictors of 

outcomes for CIMT.  The potential functional predictors were: 1) minimal motor criteria 

level, 2) amount of finger extension/grasp release, 3) amount of grip strength, 4) upper-

extremity Fugl-Meyer score and, 5) score of the Frenchay Activities Index.  These 

predictors were included in the regression model for several reasons: some are shown to 

be predictors in other areas of stroke rehabilitation, many appear in CIMT research 

literature, and some demonstrated predictive ability in pilot work. 

Finger extension/grasp release is the only predictor of positive outcomes for 

movement capability of the more affected UE, as measured by the WMFT, immediately 

following therapy and at 4-6 months after therapy.  In fact, the regression models were 

very similar for the WMFT at both the immediate post-test and follow-up post-test.  The 

predictive capability of finger extension/grasp release is logical due to its role in the 

functional use of a hand.  This measure, while related to minimal motor criteria, does not 

include the requirements of wrist extension.  In this sample, minimal motor criteria did 

not predict outcomes for the WMFT.  This finding is important since the primary 

screening criteria used for the majority of CIMT studies is an individual’s ability to meet 

minimal motor criteria.  Establishing the minimal motor criteria has been an 

advantageous and appropriate screening technique for traditional CIMT until this time.  

The component of wrist extension, however, may be too restrictive.  An individual’s 

ability to extend his/her fingers or release a mass flexion grasp may be a better screening 

criterion.  Quite possibly, wrist extension is not as important as was previously believed.  
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Many of the tasks practiced in CIMT involve grasp and release, and while wrist extension 

is helpful in this capacity, it appears not to be essential for positive outcomes with CIMT.   

Although wrist extension is used in normal grasp, perhaps, presence of finger extension is 

enough to justify participation in CIMT.   Minimal motor criteria should be investigated 

further to determine its appropriateness for screening of potential CIMT participants.  

The WMFT immediate post and follow-up post-test regression equations are graphically 

depicted in Figures 5 and 6 respectively.  These figures are meant as examples to 

demonstrate and visually explain the interpretation of the regression equation.  For ease, a 

WMFT pre-score of 20 seconds was chosen for this demonstration.  If the pre-test is 

Figure 4-1.  A graphical example of WMFT post model for Experiment I.  If the WMFT

constant the change at immediate post-test is due strictly to finger extension capability. 

 
pre-score is set at 20 seconds, the estimated WMFT post-test is shown for the 

The riteria is predictive of the MALa 

immediately following therapy.  The prediction does not hold up at the long-term follow-

up.  While the predictors for the immediate post-test are of interest, the most important 

WMFT Immediate Post-test'

0

5

10

15

20

25

WMFT Pre WMFT Imm Post'

tim
e 

in
 s

ec
on

ds 0- cannot extend
1- partially extend
2- fully extend

[ln]WMFTpost’= (1.608) +(.03575)WMFTpre – (.410)finger extension

Finger Extension

different levels of baseline finger extension. 

results suggest, however, that minimal motor c
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Figure 4-2.  A graphical example of WMFT follow-up model for Experiment I.  If the 
WMFT pre-score is set at 20 seconds, the estimated WMFT follow-up is 
shown for the different levels of baseline finger extension. 

predictors are those of the follow-up post-test.  More specifically, the predictors of how 
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individuals perform 4-6 months after the treatment.  While individuals who meet minim

ria demonstrate improved amount of use of the affected UE 

al 

motor crite immediately 

 to 

the Fu

st 

E 

following therapy, the prediction does not remain at the long-term follow-up.  

The Fugl-Meyer UE motor score, however, is predictive of outcomes at both time 

frames for the MALa.  This indicates that individuals with higher function, according

the Fugl-Meyer, result in prediction of higher scores on the MALa.    One component of 

gl-Meyer evaluates an individual’s ability to move in and out of synergy.  Quite 

possibly an individuals ability to function out of synergy is an important predictor of 

success with CIMT.  This would allow increased ease in practicing tasks that involve 

reaching and multi-joint coordination, thus translating to greater success following 

CIMT.  The Fugl-Meyer UE motor test could be further broken down to evaluate if ju

one component is predictive of improvements.   The significance of the Fugl-Meyer U
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motor test was expected because of its predictive value that has been demonstrated i

other stroke rehabilitation studies. 5,7,71  The MALa immediate post and follow-up post-

test regression equations are graphically depicted in Figures 7 and 8, respectively.  These

figures are meant as examples to demonstrate and visually explain the interpretation of

the regression equation.  For ease, a MALa pre-score of 1.0 was chosen for this 

demonstration.  If the pre-test is constant, the change at immediate post-test is due strictly 

to the predictive variables. 

d i

other stroke rehabilitation studies. 5,7,71  The MALa immediate post and follow-up post-

test regression equations are graphically depicted in Figures 7 and 8, respectively.  These

figures are meant as examples to demonstrate and visually explain the interpretation of

the regression equation.  For ease, a MALa pre-score of 1.0 was chosen for this 

demonstration.  If the pre-test is constant, the change at immediate post-test is due strictly 

to the predictive variables. 
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Figure 4-3.  A graphical example of the MALa post-test model for Experiment I.  The 

estimations are made with the MALa pre-test score set to 1.0. 
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Figure 4-4.  A graphical example of the MALa follow-up test model for Experiment I.  
The estimations are made with the MALa pre-test score set to 1.0.  Therefore 
the results are affected only by the baseline Fugl-Meyer UE motor scores. 

what predictors should not be considered when determining if a participant can improve 

with this therapy. For example, denying participation to individuals who demonstrate low 

grip strength would be inappropriate, as it is not a predictor of success.  If clinicians only 
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er traditional CIMT to individuals who will make the most long-term gains in 

UE movement capability and amount of use of the affected UE, the results of Experiment

I suggest enrolling individuals who are able to actively extend their fingers from a 

massed grasp and who have higher Fugl-Meyer UE motor scores.  While improvements 

occur following CIMT with even a very low UE Fugl-Meyer score, the higher the 

baseline score the greater the improvement following therapy.  To determine the 

predicted immediate post-test scores for a given individual, the regression equations

should be utilized. 

MALa Follow-up Post-test'

2.5

3.5

nt
 o

f
e

3

4
4.5

 u
s 25

Fugl-Meyer UE 
Motor Score

35

 



83 

Experiment II Summary 

The goal of this study was to determine the significant descriptive predictors of 

outcomes for CIMT.  The pote were: 1) side of stroke, 2) time 

since 

 

and 

me MALa 

score r 

n of 

 

ctor for the amount section of the MAL at 

follow-

ntial descriptive predictors 

stroke, 3) hand dominance, 4) age, 5) gender, and 6) ambulatory status.  These 

predictors were included in the regression model for several reasons: some are shown to 

be predictors in other areas of stroke rehabilitation, many appear in CIMT research 

literature, and some demonstrated predictive ability in pilot work.  Interestingly, only two

descriptive characteristics demonstrated a predictive relationship, ambulatory status 

age.  Both of these predictors showed a relationship with the MALa outcome.  None of 

the potential predictors showed a predictive relationship with the WMFT. 

Ambulatory status was a significant predictor for the amount section of the MAL 

immediately following therapy.  This means, if two individuals have the sa

 at baseline, the individual who is a functional ambulator is predicted to have greate

improvements in amount of hand and arm use following the two-week intervention 

(Table 4-5).  Ambulation may allow individuals greater access and more opportunity to 

use the weaker hand, which would translate to improved scores on the amount sectio

the MAL.  This said, ambulation is not a significant predictor for the MALa at follow-up

post-test.  While a functional ambulator may have better outcomes initially, interestingly, 

these differences are not sustained long-term.   

Age is the second descriptive characteristic that has a predictive relationship with 

outcomes following CIMT.  Age is only a predi

up post-test in Experiment II.  Assuming the same baseline MAL score, as age 
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Figure 4-5.  A graphical example of the MALa post-test model for Experiment II.  The 

estimations are made with the MALa pre-test score set to 1.0.  Therefore the 
results are affected only by ambulation status. 

increases, the predicted MAL at follow-up post-test decreases.  There is an inverse 

relationship, therefore, between MAL and age (Table 4-6).  Although there is a general 

belief that  younger persons have greater potential for recovery,144,101-104 much research 

has demonstrated the benefits of intensive stroke rehabilitation programs regardless of 

age.4,100,105,106  For this study, age is only a predictor of long term amount of use of the 

more affected UE, not movement  capability of the affected UE.  As an individual ages, 

the amount of use of their more affected arm and hand does not increase to the same 

degree as for someone who is younger.  Movement capability, as measured by the 

WMFT, however, is not affected by increasing age.   

While the finding that ambulatory status is a significant predictor for the 

immediate post-test for the MALa, the predictors that are of most interest are those for 

the follow-up post-test.  More specifically, the predictors of how individuals perform 4-6 
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Figure 4-6.  A graphical example of the MALa follow-up model for Experiment II.  The 

estimations are made with the MALa pre-test score set to 1.0.  Therefore the 
results are affected only by age. 

months after the treatment.  The most ideal candidates, the ones that will improve the 

most in the long-term, are those that are younger.     If clinicians, therefore, only want to 

offer traditional CIMT to individuals who will make the most gains in amount of use of 

the affected UE in the long-term, the results of this study suggests offering it to 

individuals who are younger. Important to clarify, however, is that older individuals 

make meaningful gains with therapy, just not to the same extent as younger individuals.   

Of interest is that none of the potential predictors emerged as significant predictors 

for the WMFT at immediate post-test or at the follow-up post-test.  Specifically, we know 

that none of the descriptive variables were predictors of movement capability of the 

affected UE, as measured by the WMFT.   This is a significant finding within itself for 

the development of more inclusive criteria for study participation. 
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General Conclusions and Integration 

Limited evidence exists regarding the specific functional and descriptive 

characteristics of individuals who benefit most from CIMT.  Significant predictive ability 

was discovered with finger extension/grasp release, minimal motor criteria level, Fugl-

Meyer UE motor scores, ambulatory status, and age.  These items, when used in their 

appropriate regression equations along with the pre-test scores, can predict an 

individual’s score on the WMFT or the MALa.  This study can be used to help determine 

the appropriate individuals for participation in traditional CIMT.   

An important clarification is that these reported results apply to only traditional 

CIMT, when delivered 6 hours per day for 10 consecutive weekdays as delineated in the 

procedure.    They may not be appropriate predictors of success for other methods of 

CIMT delivery, such as modified CIMT,67,69 home-based CIMT, and CIMT delivered in 

a less-intense manner or for a different duration.  For example, age may not be a 

significant predictor if the therapy was less intense.  An older individual, for instance, 

may be able to more actively participate in CIMT if it was only three hours per day 

instead of six hours.  The qualification is that this study represents strictly traditional 

CIMT, as reported in the research literature. 

The WMFT and MALa should be accepted as appropriate identifiers of success for 

CIMT.  They are extensively cited in the CIMT literature as outcomes measures. 12,117-126  

Furthermore, accepting the limitations that these regression models include only a limited 

group of potential predictors, we can identify the predictors that are influential for CIMT 

outcomes.  Specifically, we know that the only predictor of movement capability of the 

affected UE, as measured by the WMFT, is finger extension/grasp release.  Establishing 

the minimal motor criteria has been an advantageous and an appropriate screening 
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technique for traditional CIMT until this time.  Based on our research using minimal 

motor criteria for inclusion may be too restrictive.   

If clinicians only want to offer traditional CIMT to individuals who will make the 

most gains in UE functional capability, the results of this study suggest offering it to 

individuals who are able to actively extend their fingers from a massed grasp.  This, 

however, is only a predictor of functional capability of the more affected arm and hand, 

not amount of use.  The individuals who will demonstrate greater improvements in 

amount of use of the more affected UE are those that are young ambulators with higher 

Fugl-Meyer UE motor scores.   

While the predictors for the immediate post-test are of interest, the most important 

predictors are those of the follow-up post-test.  Specifically, the predictors of how 

individuals perform four to six months after the treatment.  The most ideal candidates, 

therefore, the ones that will improve both UE amount of use and movement capability in 

the long-term are: 1) those that are younger, 2) have higher Fugl-Meyer motor scores, and 

3) are able to actively extend their fingers.  A regression model that includes all these 

predictors together would have to be performed to determine the most significant 

determinants of movement capability and amount of use of the affected UE. 

Additional considerations for future studies include investigating the predictors for 

other types of CIMT, when administered in differing intensities or duration.  Another 

research avenue would be investigating the predictors of individuals who do not improve 

with therapy. Specifically, defining predictors that can identify both responders and non-

responders would be advantageous to proper application of CIMT.   Another direction for 

future research is establishing if the changes in outcomes represent a clinically 
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meaningful difference.  In other words, what amount of improvement is needed on the 

outcome measures for the change to have a difference clinically.  The next step, then, 

would be determining the predictors for individuals who make a clinically important 

change with this therapy. 

These experiments provide the most comprehensive investigation of predictors of 

CIMT outcomes to date.  Taken together, these studies provide a foundation for the 

formation of new inclusion criteria for CIMT studies.  Utilizing these regression formulas 

can help to predict a potential participant’s ability to improve with CIMT.   

 

 

 

 

 

 



 

APPENDIX A 
PILOT DATA 

A pilot study was conducted specifically for the purposes of this investigation. This 

pilot work was performed in the Stroke Rehabilitation Laboratory at the University of 

Florida.  In this section evidence is presented to establish the author’s competence 

demonstrating past work in the area of CIMT research with direct relevance to the study.  

The relevant preliminary studies were performed prior to this proposal.   

Pilot Study on CIMT: Functional Predictors of Outcomes for CIMT 

The purpose of pilot study #1 was to conduct the proposed project with a smaller 

group of participants to determine functional predictors of outcomes in CIMT and 

feasibility of performing this experiment.  There were 110 predictors and five outcomes 

for each of the three time frames (time frames are outlined in proposed project).  The aim 

and hypotheses are to follow. 

Aim: To determine the tests of body function, activity, and participation which 

predict outcomes following CIMT. 

Hypothesis 1.  The test of body function and structure which are most predictive of 

functional improvements will include: shoulder flexor strength, pursuit rotor task-time on 

target, active extension of fingers from fully flexed position (item on Fugl-Meyer), and 

movements out of synergy (section on Fugl-Meyer).   

Hypothesis 2.  The tests of activity that are most predictive are the Box and Block 

Test and the WMFT item 8, “picking up a can.”  

89 
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Hypothesis 3.  The tests of participation that will be predictive of outcomes for 

CIMT are the physical items for upper extremity on the Stroke Impact Scale. 

Methods for Pilot Study 1 

Eleven participants meeting the inclusion/exclusion criteria listed in the proposed 

project were involved in this study (please refer to Figure A-1 for details).  Each 

participant received  

CIMT for two weeks as described in the proposed project. 

Descriptive Characteristics

Gender 6 females 5 males
Side of 
Lesion 8 left 3 right

Dominance 8 Dominant 
hand affected

3 Non-
dominant 
affected

6 high 5 low 
(met minimal 
motor criteria)

(did not meet 
minimal motor 

criteria)

Level of 
Function

Time Since 
Stroke Age

Mean 2.5 years 67.7

Stand Dev 1.8 years 12.63
Min 11 months 39
Max 6 years 83

 

Figure A-1.  Demographics of Participant in Pilot Study 1 and 2 

Data Analyses for Pilot Study 1 

The predictive relationships of various functional assessments (pre-test) on the 

traditional measures of CIMT (WMFT, AAUT, and MAL) were analyzed in the 

following manner. Categorical predictors were analyzed using a nonparametric test on 

equal medians (Wilcoxon).  Continuous predictors were analyzed using univariate 

regression.  Continuous predictors are operationally defined as any predictor with more 

than ten ratings, because they function well in a regression model.  These analyses were 

performed for the changes in outcomes from pre- to post- testing, from pre- testing to 

follow-up testing and post-testing to follow-up testing.  Due to the limited sample size 
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this pilot data was used to establish trends toward significant results.  The p-value of 0.10 

was not corrected for multiple comparisons because the goal of this pilot project was to 

establish trends but not to prove significance.  The author acknowledges that this 

increases the chance of a type I error (finding significance when it is not really present).  

Results for Pilot Study 1 

The results are presented in table format in sequence with the proposed hypotheses.    

The independent variables (predictors) are presented in the left-most column followed by 

the dependent variables (outcomes of CIMT) in each of the three time frames.   

The following abbreviations will aide in interpretation of the three tables of results 

(Figure A-2 and A-3).  

# Abbrev

Amount of Use 1 AOU
Quality of Motion 2 QOM

Motor Activity Log- amount 3 MALA
Motor Activity Log - how well 4 MALHW
Wolf Motor Function Test 5 WOLF

Actual Amount of Use Test (AAUT)

Motor Activity Log (MAL)

OUTCOMES

 

Figure A-2.  List of Outcomes and Abbreviations for Pilot Study 1 & 2 

The first results table (Table A-4) is the body function and structure tests that are 

significantly (p< 0.10) predictive of the outcomes identified in the table. Note that 

positively associated outcomes are in yellow, and negatively associated outcomes are in 

red.  The p-value is listed in parentheses immediately following the outcome that is 

significant. Non-significant results are denoted with ‘ns.’  The tables are designed to be 
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read from left to right.  For example: “The better the pre-test score on shoulder abduction 

strength, the greater the change in MALHW in time frame 1.” 

# Abbrev

1 FM 25 WFAS
2 fmrom 26-40 W1 - W15
3 fmpain 41 BBT
4 fmsen
5 fmflsyn 42-71 AM1- AM30

Fugl-Meyer  Extenstion Synergy 6 fmexsyn 72-101 HW1-HW30
7 fmcom
8 fmoos
9 fmwri 102 SISM
10 fmhand 103 %
11 fmcoor 104 SISMem
12 fmfingx 105 SISem
13 PR 106 SISsp

107 SISsoc
14 pinch 108 SISUE
15 sflex 109 CS
16 sext 110 Fre
17 sabd
18 elbflex 111 gender 
19 elbext 112 timestroke
20 wristflex 113 age
21 wristext 114 sidestroke

115 domin
22 Wweight 116 level
23 Wgrip 117 neglect
24 TMS 118-119 apraxia

Strength Testing

Wolf Motor Function Test

PREDICTORS

Wolf Motor Function Test

Shoulder Extensor Strength
Shoulder Abduction Strength

Fugl-Meyer Finger Extension 
Fugl-Meyer Coordinatiion

Fugl-Meyer Wrist Strength/ROM
Fugl-Meyer Out of Synergy
Fugl-Meyer  Combinign Synergies

Tests of Body Function and Structure
Tests of Activity

Fugl-Meyer Pain score
Fugl-Meyer Sensation

Fugl-Meyer Range of Motion
Fugl-Meyer Wolf Functional Ability Scale 

Wolf item 1- 15
Box and Block Test

Fugl-Meyer Flexor Synergy

Transcranial Magnetic Stimulation

Elbow Flexor Strength

Wrist Flexion Strength
Wrist Extension Strength

Side of Dominance
Level of Function

Neglect
Apraxia

Motor Activity Log Amount Items 1 -30
Motor Activity Log

Tests of Participation

Stroke Impact Scale - Social

Stroke Impact Scale
Stroke Impact Scale - Motor 

Motor Activity Log How Well Items 1 -30

Age

Stroke Impact Scale - Percent Recovery
Stroke Impact Scale - Memory
Stroke Impact Scale - Emotion
Stroke Impact Scale - Speech

Frenchay
Descriptive Predictors

Gender
Time since Stroke

Shoulder Flexor Strength
Stroke Impact Scale - Upper Extremity Motor

Caregiver Strain

 Wolf - grip strength

Fugl-Meyer Hand Score

Elbow Extension Strength

Wolf - weight to box

Side of Stroke

Pursuit Rotar (PR)

Pinch Strengh

 
Figure A-3.  List of Predictors and Abbreviations for Pilot Study 1 & 2 

Shoulder abduction strength the ↑ the ∆ in MALHW (.034) the ↓ the ∆ in AOU (.084) the ↓ the ∆ in MALHW (.074)
MALA (.048)

MALHW (.068)
WOLF (.082)

Shoulder flexion strength the ↓ the ∆ in AOU (.012)
Elbow flexion strength the ↑ the ∆ in WOLF (.082)

Elbow extension strength the ↓ the ∆ in AOU (.009)
Wrist flexion strength the ↑ the ∆ in MALA (.079)

AOU (.010)
QOM (.09)

FM - ROM the ↑ the ∆ in MALHW (.10)
FM - coordination the ↓ the ∆ in WOLF (.073)

FM - out of synergy the ↓ the ∆ in WOLF (.032)
FM - flexion synergy the ↑ the ∆ in WOLF (.079)

Pursuit Rotar the ↑ the ∆ in WOLF (.072)

the ↓ the ∆ in MALHW (.045)ns

ns

Tests of Body Function and Structure

Independent Variable:          
The better the pre-test score on:

Time frame 1 Time frame 2 Time frame 3
pre to post pre to follow post to follow

the ↑ the ∆ in 

FM-sensation

ns

ns

AOU (.066)the ↓ the ∆ in 

Shoulder extension strength

ns

ns

ns

ns

ns

ns
ns

the ↑ the ∆ in 

ns

ns

ns
ns

ns ns
ns
ns

ns

 
Figure A-4.  Results Table for Tests of Body Function and Structure 
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Figure A-5 is the tests of activity that are significantly (p< 0.10) predictive of the 

 

CIMT outcomes identified in the table. 

Figure A-5.  Results Table for Tests of Activity 

ignificantly (p< 0.10) predictive of 

the CIMT outcomes identified in the table. 

Wolf item 2 (forearm to box) the ↑ the ∆ in MALHW (.045) the ↓ the ∆ in MALHW (.065)

Wolf item 8 (lift can) the ↑ the ∆ in Wolf (.035)

Wolf Item 9 (lift pencil) the ↑ the ∆ in Wolf (.068)

Wolf item 11 (stack checkers) the ↑ the ∆ in MALA (.020) the ↓ the ∆ in MALHW(.058)

Wolf item 12 (flip card) the ↑ the ∆ in Wolf (.035)

Wolf item 13 (turn key in lock) the ↑ the ∆ in Wolf (.083)

Wolf item 14 (fold towel) the ↑ the ∆ in Wolf (.033)

Wolf Functional Ability Score the ↑ the ∆ in MALA (.067) the ↑ the ∆ in Wolf (.063) the ↓ the ∆ in MALHW (.054)

Box and Block Test the ↑ the ∆ in MALA (.036) the ↓ the ∆ in MALHW (.052)
MAL (How Well) item 2         

(opening a drawer) the ↓ the ∆ in MALHW 
(.077)

MAL (How Well) item 3         
(picking up an item of clothing) the ↓ the ∆ in MALHW 

(.052)
MAL (Amount) item 8           

(opening a door) the ↓ the ∆ in MALHW 
(.090)

QOM  (.018) 
AOU (.060)

MAL (How Well) item 21 
(shaving/makeup) the ↓ the ∆ in MALHW 

(.077)
QOM (.070)
AOU (.090)

MAL (How Well) item 24        
(stabilizing while standing) the ↑ the ∆ in QOM (.090)

MAL (How Well) item 25        
(carrying objects) the ↑ the ∆ in AOU (.070)

ns

ns

the ↑ the ∆ in MAL (How Well) item 10         
(washing hands)

nsnsMAL (Amount) item 24          
(stabilizing while standing)

ns

ns

ns

ns

ns

ns

ns

ns

ns

Tests of Activity

ns

ns ns

ns

ns

the ↑ the ∆ in 

pre to post
Time frame 1Independent Variable:          

The better the pre-test score on:

ns

ns

ns

ns

ns

ns

Time frame 2
pre to follow

ns

ns

ns

ns

ns

Time frame 3
post to follow

 
Figure A-6.  Results Table for Tests of Participation 

SIS - motor the ↑ the ∆ in WOLF (.076)
AOU (.025) 
QOM (.028)
MALA (.076)

SIS- Social score the ↑ the ∆ in MALA (.098)

SIS- Memory the ↓ the ∆ in QOM (.045)

AOU (.015)
QOM (.027)
MALA (.040)

MALHW (.046)

ns the ↑ the ∆ in AOU (.078)

nsns
ns

ns
The better the pre-test score on: pre to post pre to follow post to follow

Frenchay

ns

ns

the ↓ the ∆ in 

SIS - speech the ↑ the ∆ in ns the ↓ the ∆ in QOM (.018)

Tests of Participation

Independent Variable:         Time frame 1 Time frame 2 Time frame 3

Figure A-6 is the tests of participation that are s
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Discussion for Pilot Study 1 

This study discriminated between the influences of various predictive factors on the 

hich showed a predictive relationship.  The outcomes were 

divide

gram.  

o post- 

 

alue was 

chose cted 

nt 

re 

outcomes of CIMT, many of w

d into three main time frames as discussed in the methods of the proposed project.  

These time frames are essential to establish who may improve most during the treatment 

phase and who maintains/improves functional gains four-months after the CIMT 

intervention.100 Previous CIMT studies suggest that functional gains are persistent,145,146 

suggesting individuals maintain the improvements gained while in the training pro

According to the preliminary data, however, individuals who improve at the follow-up 

may be both functionally and descriptively different than individuals who show 

improvement immediately following CIMT.   For example, the greater an individual’s 

shoulder abduction strength was on the pre-test, the better the change from pre- t

on the MAL, but, the poorer they perform from post-test to follow-up.  The time frames

in which people improve on outcomes are integral to the proposed study. 

Although there appear to be a number of significant results, despite the small 

sample size, the reader is reminded of the inflated alpha (α<. 10).  This p-v

n to simply demonstrate trends in the data.  In addition, the p-value is not corre

for the multiple comparisons, meaning that there is an increased chance the significa

results are by chance.   Furthermore, for this pilot data, none of the descriptive factors 

were controlled.  For example, perhaps the differences noted in sensation could also be 

due to the participant’s age.  Possibly, all the participants with high sensation scores we

older than those with lower sensation scores, and therefore, the differences found may 

have been explained by age rather than sensation.  This comparison will be controlled in 

the proposed project.    
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Tests of body function and structure 

The tests of body function and structure that are predictive of outcomes following 

ugl-Meyer, and the pursuit rotar.  Specific 

streng

s is 

nt 

 

se 

 four 

id not have 

ation (including proprioception), passive range of motion, 

coord

rds, the 

CIMT are strength, sub-sections of the F

th findings warrant further discussion.  First, five of the eight strength measures 

were predictive of outcomes.  The only strength measures not predictive of outcome

wrist extension, grip, and pinch strength.  Interestingly, wrist extension is one compone

that defines ‘minimal motor criteria.’26   Wolf states that in order to be functional with 

CIMT a certain amount of range is required in the wrist.26 This, however, does not appear 

to relate to wrist strength.   Second, all the strength measures, which are positively 

correlated to outcomes, are predictive only in pre- to post- timeframe.  Therefore, 

individuals that present with more strength initially do better immediately following

therapy.  On the other hand, at the follow-up, all strength measures are negatively 

correlated with outcomes.  Therefore, at the four-month follow-up, individuals with 

greater strength during the pre-test do not improve as much on the follow-up as tho

with less strength at the pre-test.  Possibly the individuals with less strength need the

months to start building their strength, which could then translate into larger 

improvements at the follow-up.  Another possibility is that the individuals with higher 

pre-test strength reached a ceiling on the outcome measures, therefore, they d

as much room to improve 

Many subsections of the Fugl-Meyer are predictive of outcomes following CIMT.  

These subsections are sens

ination, movements out of synergy, and the movements of flexion synergy.  

Sensation (time-frame one), coordination (time-frame one), and out of synergy 

movements (time frame two) are negatively correlated with outcomes. In other wo
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better pre-score on these items, the less they improve on certain outcomes.  Of n

sensation is negatively correlated for time frame one and positively correlated at time 

frame three.   This means that the higher the sensation pre-score, the poorer the outcomes 

at the post-test, but the better the outcome from the post-test to the follow-up.  These 

results are intriguing considering the original experiments with forced-use were 

performed on deafferented monkeys.2 There is limited evidence that participants with 

sensory disorders can make notable improvements in motor and functional measu

The coordination score is also of interest.  The poorer someone’s coordination th

more they improve on the Wolf from the pre- to post-test.  One possible explanation for 

ote is that 

res.12   

e 

this is

er 

 

g that individual who have high pursuit rotar scores on the pre- test 

demo

. 

r 

 the floor effect on the Wolf.  If participants cannot perform a task of the Wolf, 

their score is counted as 120 seconds.  So if they are unable to pick up a pencil at the pre-

test (120) but are able to do so in 20 seconds on post-, they improve 100 seconds.  

Conversely, if someone is able to pick up a pencil in 10 seconds at pre-test, and improve 

to three seconds at post-test, they only improved by seven seconds.  Therefore, low

functioning participants (possibly those with low coordination scores) are less likely to 

meet the ceiling. 

The pursuit rotar test is positively correlated with Wolf scores from the pre-test to

follow-up, meanin

nstrate more improvement on the Wolf than do individuals who have low scores at 

the pre-test. The pursuit rotar is conventionally used as a test of closed-loop processing

In this situation it may be more of a motor test because it performed with the affected 

extremity, and individuals with stroke have difficulty performing the movement.  A bette

way to judge closed-loop processing would be to use the unaffected extremity score.  
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This will be added to the proposed project.  In addition, the Fitts tapping task will be 

added to the proposed project to assess the predictive value of an open-loop task. 

Tests of activity 

The tests of activity that are predictive of outcomes following CIMT are six 

individual Wolf items, the Wolf Functional Ability Score, the Box and Block Test, and 

eight  item 

, 

 

orly 

 outcomes across all three time frames, however, it is associated with three 

differ

 

different MAL items.  There are two specific results to discuss from the Wolf

predictor results.  First, anytime an item is positively correlated with outcomes in time 

frame 1 (pre- to post-test), that same predictor is negatively correlated with that outcome 

in time frame 3 (post- to follow).  In individuals that score high on any of these Wolf 

items at pre-test demonstrate better change in the short term, but do not change as 

significantly as individuals with poor Wolf scores after leaving the therapy.  Secondly

every individual Wolf item that is predictive in the second time frame (from pre- to

follow-up) is only for the outcome Wolf (overall score).  This suggests that people who 

score high on theses items improve more overall on the Wolf than those that score po

on this items.  Further analysis may warrant shortening the scale.  If investigators know 

items 8,9,12,13,14 were predictive of CIMT success, they may be used for a screening 

tool.   

The predictor Wolf Functional Ability Score (WFAS) is the only score that is 

predictive of

ent outcomes at each time frame.  In time frame one and two, the WFAS is 

positively correlated with outcomes, but for time frame 3, it is negatively correlated with

outcomes.  These findings further suggest that the greater improvement observed 

immediately, the less observed at the four-month follow-up.   
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The last predictor to discuss in the ‘Tests of Activity’ section is the MAL.  T

MAL was used item-by-item to determine if any individual ite

he 

ms were predictive of 

overa ted 

ore 

e 

 

 

 

 

o the 

ll outcomes.  Half of the eight items that were predictive were negatively correla

with outcomes (all in time frame 2).  Once again, the better an individual’s pre-test sc

on these four items, the less they improved from pre- to follow-up testing, suggest the 

presence of a ceiling effect.  The only item that is predictive of outcomes in time frame 

one is item 10, washing hands (how well).   This task is a true bilateral task, one of the 

few on the MAL.  The outcomes that were positively correlated with this bilateral task 

included the QOM and AOU on the AAUT, a test that involves many bilateral tasks.  Th

last point to discuss in this section is item 24, using the affected hand to stabilize while 

standing, essentially using the hand for support.  This item was a significant predictor in 

both the ‘how well’ and the ‘amount’ components of the test.  Worthy to note is that this

item has been removed from the MAL, on more recent versions, and replaced with a 

more ‘appropriate item.’  This study warrants its inclusion.  Of importance also is that for

all the activity predictors, the only outcome that is significant in time frame two is the

MAL-how well outcome.  Furthermore, the “how well” outcome is always negatively 

correlated with the activity predictor.  Therefore the better someone performs initially, 

the less they improve on the ‘how-well’ section of the MAL.  This may suggest that 

individuals with less function make good candidates for CIMT.  For the purposes of the

proposed project, only the “how well” section of the MAL will be used.  According t

pilot results, the “how well” section had more predictive value.  This will decrease the 

number of predictors, therefore, strengthening the power of the study. 
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Tests of participation 

The tests of participation that are predictive of outcomes for CIMT are four sub-

pact Scale (SIS) and the Frenchay Activities Index test.  The SIS 

motor  to 

 

he 

y 

the 

individual is with 

his/he

 

is 

 

sections of the Stroke Im

 section is positively correlated with greater improvements on the Wolf from pre-

post-test.  This means the better an individual rates him/herself on the overall motor score 

(both upper and lower extremity scores) the more they improve on the Wolf.  One of the 

most interesting outcomes is the SIS speech subsection predictor score.  The better an 

individual’s speech, the better they improve from pre- to post- (on three of the five 

outcome measures).  This trend reverses at post-testing to follow-up, the poorer the 

speech initially, the more they improve after leaving therapy.  This may be related to

issues of hand-dominance and side of stroke, which are not controlled for in the 

preliminary data.  The SIS scores also demonstrated that the more social someone is, t

more they improve on the amount score of the MAL from pre- to follow; possibl

because they are putting themselves in more social situations and they are attempting to 

use the arm more often. Finally on the SIS, the better their memory on the pre-test, 

less they improve after leaving therapy.  This is an interesting finding, which is difficult 

to explain.  Findings in the proposed study may prove interesting.  

The only item that was predictive of four of the five tested outcomes in one time 

frame was the Frenchay Activities Index.  The more independent an 

r instrumental activities of daily living (IADLs), as measured by the Frenchay 

Activities Index, the more they improved after leaving CIMT (post- to follow-up).  The

Frenchay Activities Index seems to be the strongest predictor of outcomes found in th

pilot study.  Worth mentioning is that the Frenchay Activities Index, however, was 

negatively correlated for one outcome (AOU) during time frame one.   Less independent
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individuals improved more from pre- to post-testing.  Caregiver support may explain

these differences.  That said, the Caregiver Strain Index was not predictive of any 

outcomes for CIMT.  Therefore, the Caregiver Strain Index will not be used as a 

predictor in the proposed project. 

Further trends include the results that the Wolf test is not a significant outco

any of the predictors in time frame 3.  This could m

 

me for 

ean that there is not a large enough 

chang

re 

to conduct the proposed project with a smaller 

group o d 

feasib

 

 

w 

f functional improvements. 

e in this outcome from post- to follow-up testing across any of the predictors.  This 

may be due to the small sample size used in the pilot study.  In conclusion, although the

were significant associations between the predictors and the outcomes, this study should 

be performed with a larger sample size and with proper control of the variables.  There is 

an urgent need to determine effective stroke rehabilitation that is appropriate to all stroke 

survivors’ individual level of function.  

Pilot Study on CIMT: Descriptive Predictors of Outcomes for CIMT 

The purpose of pilot study #2 was 

f participants to determine descriptive predictors of outcomes for CIMT an

ility of performing this experiment.  There were 9 predictors and 5 outcomes for 

each of the three time frames (outlined in the methods of the project).  The following

were the hypotheses as to which of the 9 predictors are positively associated with 

outcomes following CIMT. These were educated hypotheses developed from literature

review and observation of CIMT participants.  The aim and hypothesis are to follo

Aim. To determine descriptive factors that are predictive of functional outcomes 

for CIMT. 

Hypothesis 1.  Dominance and level of function are the only descriptive factors 

predictive o
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Methods for Pilot Study 2 

Eleven participants meeting the inclusion/exclusion criteria listed in the proposed 

 study (please refer to Figure A-1 in pilot study one for 

detail

e influence of the participant characteristics on the traditional outcomes 

T, and MAL) was analyzed in the following manner. 

Categ ere 

 

ng 

 

t column 

f CIMT (dependent variable) in each of the three time frames.  

Refer

Discu

nfluences of various descriptive 

predictors on the outcomes of CIMT.  Many factors showed a predictive relationship with 

the outcomes for CIMT.  As with pilot study 1, the results suggest that even with small 

project were involved in this

s).   Each participant received CIMT for 2 weeks as described in the proposed 

project. 

Data Analyses for Pilot Study 2 

Th

measures of CIMT (WMFT, AAU

orical predictors were analyzed using an ANOVA.  Continuous predictors w

analyzed using univariate regression.  These analyses were performed for the changes in

outcomes from pre- to post-testing, from pre-testing to follow-up testing and post-testi

to follow-up testing.   Due to the limited sample size this pilot data was used to determine

if trends exist, therefore the p-value of 0.10 was not corrected for multiple comparisons.  

The author acknowledges that this increases the chance of a type I error. 

Results for Pilot Study 2 

The predictors (independent variables) are presented in the left-mos

followed by the outcomes o

 to experiment one for description of the time frames. 

Figure A-7 is the descriptive characteristics that are significantly (p< 0.10) 

predictive of the CIMT outcome identified in the table. 

ssion for Pilot Study 2 

This study attempted to discriminate between the i
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Figure A-7.  Results Table for Descriptive Predictors 

sample size significant results remain. Limitations exist with this assumption, 

please refer to experiment 1 for the limitations that also apply to pilot study 2.  As in pilot 

1, the outcomes for pilot study 2 were also divided into three main time frames as 

ts Table for Descriptive Predictors 

sample size significant results remain. Limitations exist with this assumption, 

please refer to experiment 1 for the limitations that also apply to pilot study 2.  As in pilot 

1, the outcomes for pilot study 2 were also divided into three main time frames as 
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stroke

Time frame 3Time frame 2Time frame 1

Pa

described previously.   These separate time frames aredescribed previously.   These separate time frames are of extreme importance because 

rehab

s 

l 

he primary screening criteria utilized for the majority of CIMT studies.  

If the

 of extreme importance because 

rehab

s 

l 

he primary screening criteria utilized for the majority of CIMT studies.  

If the

ilitation specialists must not only know who may improve the most during the 

treatment, but to know the predictors of who will maintain these functional gains after 

rehabilitation.100  

Contrary to the hypothesis, eight of nine descriptive predictors were significant 

(α<. 10).  Level of function (high or low) was the only non-significant predictor. Thi

finding is important because level of function (whether someone is able to meet minima

motor criteria) is t

ilitation specialists must not only know who may improve the most during the 

treatment, but to know the predictors of who will maintain these functional gains after 

rehabilitation.100  

Contrary to the hypothesis, eight of nine descriptive predictors were significant 

(α<. 10).  Level of function (high or low) was the only non-significant predictor. Thi

finding is important because level of function (whether someone is able to meet minima

motor criteria) is t

se results hold true for proposed project, with a more substantial sample size, the 

findings could change criteria for who may be eligible for CIMT. 

se results hold true for proposed project, with a more substantial sample size, the 

findings could change criteria for who may be eligible for CIMT. 
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The participants’ time since stroke was predictive of the AAUT (AOU and QOM) 

outcomes immediately following CIMT (time frame one).  Interestingly, the greater the 

time since stroke the greater the improvement on the AAUT outcomes following CIMT

In other words, this data supports that those who have had a stroke

.    

 more recently will 

impro

s 

than 

re-

ing the first testing period, therefore, younger participants do not have as 

much a 

en 

ve less on amount and quality of spontaneous use.  In the CIMT literature, no 

differences have been reported for time since stroke.2 Conversely, the correlation reverse

direction at time frame three (change from post-testing to the follow-up).  The greater the 

time since stroke the less improvement in the QOM portion of the AAUT test.  The 

results suggest that chronic stroke participants can improve during the therapy more 

sub-acute; however, sub-acute participants seem to improve more by the four-month 

assessment, possibly suggesting increased ease at accessing plasticity in the sub-acute 

population.   

The age of the participant is predictive of outcomes during time frame two.  This 

result suggests that the older a participant, the better they improve in AOU from the p

test to the follow-up test.  Possibly the younger participants make more attempt to use 

their hand dur

 room to improve when tested at the follow-up. In addition, older individuals have 

more gradual progression in learning than do younger adults.  They require more time to 

process the information; therefore, improvements in the older population may not be se

immediately following therapy, but at the follow-up.147,148   Furthermore, older adults 

may be experiencing more fatigue following the two weeks of therapy, resulting in poorer 

performances immediately after the therapy, but increased improvements at the follow-

up.   
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Another descriptive predictor that was found to be significant is side of stroke. 

Participants with right brain stroke had greater improvement on the AAUT outcome 

measures following the post-test (time frame one).  Possibly this result is due to the fact

that p

 

eople with left brain stroke have more difficulty solving problems, are more easily 

anger

the 

o 

owing CIMT.  Participants’ with affected 

domin

ls 

t 

 

 demonstrated to be 

signif

ed and frustrated, and have impaired retention of information.85 In the CIMT 

literature, no differences have been reported for side of stroke.149 This may be due to 

small sample sizes used in previous studies.  

In addition to age and side of stroke, the results from gender12 and dominance149  

are not consistent with previous CIMT findings.  In the third time frame (post-test t

follow-up) females improved more than males on the amount section of the MAL.   

Dominance is also predictive of outcomes foll

ant hands had greater improvement in QOM from the post-test to the follow-up 

test.  This could be related to motivation, where individual with dominant side 

hemiparesis are more motivated to recover use of their dominant hand than individua

with non-dominant hemiparesis.  Especially since the improvement is noted from the pos

to follow-up test.  In other words individuals with dominant side hemiparesis may have

continued to use their hemiparetic hand more after the therapy.  

Apraxia was used as a predictor in two different methods.  A categorical analysis 

was performed to determine if the presence of apraxia would be a predictor.  Secondly, 

the continuous score of number of items correct on the FAST-R was also used as a 

predictor.  Both the categorical and continuous scores of apraxia

icant predictors of outcomes.  Individuals with apraxia had less improvements 

immediately following therapy.    This trend reversed at the third time frame in which 
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individuals with apraxia improved more than those without apraxia.  Individuals wit

apraxia often need a lot or practice to show improvements,150 maybe two-weeks of 

practice is not enough, while the 4-months between the post-test and the follow-up al

for more practice and subsequent improvement in outcomes.  If this holds true for a lar

sample size that has controlled variables the result could be very beneficial. 

Finally, the results demonstrated that the greater the 

h 

lows 

ger 

 the 

latter is 

prove

d 

roke 

on.  

Conc

 

riteria for participation needs to be carefully examined to 

determ

s is 

T.   

neglect score, the greater

improvement in outcomes.  Individuals may be able to overcome the inattention due to 

neglect, secondary to the constant attention driven methods of CIMT.  In a small trial, 

van der Lee found greater improvements in those with hemi-neglect.12 If the 

n accurate, neglect may be an important predictor of outcomes for CIMT. 

In conclusion, although there were many significant associations between the 

predictors and the outcomes, this study must be performed with a larger sample size an

with proper control of the variables.  There is an urgent need to determine effective st

rehabilitation that is appropriate to all stroke survivors’ individual level of functi

lusion 

CIMT is reported to significantly improves functional use of the upper extremity in

20-25% of people with chronic stroke disability.145 Limited evidence exists, however, 

regarding the specific characteristics of individuals who benefit most from this 

intervention.  Selection c

ine who does benefit.  Rehabilitation professionals continuously search for 

improved approaches for treatment, consequently, new treatment methods, such as 

CIMT, are often accepted before the relevance of the therapy to particular client

clearly understood.    This needs to be understood, in order to target the correct 

population.  The goal of this proposal is to determine who benefits most from CIM
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Although there were significant associations between the predictors and the outcom

the pilot study, this study needs to be performed with a larger sample size and with 

proper control of the variables.  There is an urgent need to determine who are ap

candidates for CIMT.   

 

es in 

propriate 

 

 

 



 

APPENDIX B 
BEHAVIORAL TESTS FORMS, LOGS, AND CONTRACTS 

 

WMFT Unaffected Comments Affected (R / L) Comments Functional Ability  
1 Forearm to table (side) 0   1   2   3   4   5

2 Forearm to box (side) 0   1   2   3   4   5

3 Extend elbow (side) 0   1   2   3   4   5

4 Extend elbow ( I lb.) 0   1   2   3   4   5

5 Hand to table (front) 0   1   2   3   4   5

6 Hand to box (front) 0   1   2   3   4   5

7 Weight to box (lbs.) 0   1   2   3   4   5

8 Reach and Retrieve 0   1   2   3   4   5

9 Lift can 0   1   2   3   4   5

10 Lift pencil 0   1   2   3   4   5

11 Lift paper clip 0   1   2   3   4   5

12 Stack checkers 0   1   2   3   4   5

13 Flip card 0   1   2   3   4   5

14 Grip Strength (kgs) 0   1   2   3   4   5

15 Turn key in lock 0   1   2   3   4   5

16 Fold towel 0   1   2   3   4   5

17 Lift basket 0   1   2   3   4   5

WOLF MOTOR FUNCTION TEST

 

Figure B-1.  Wolf Motor Function Test score sheet 
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Amount How Well Comments
1 Turn light on
2 Open drawer
3 Pick up clothing
4 Pick up phone
5 Wipe counter
6 Open car door
7 Open refrigerator
8 Turn door knob
9 Operate TV remote
10 Wash hands
11 Dry hands
12 Put socks on
13 Take socks off
14 Put shoes on
15 Take shoes off
16 Get out of a chair
17 Pull the chair out
18 Pull the chair in
19 Pick up a glass
20 Brush teeth
21 Apply makeup, lotion, shaving cream
22 Use key to open door
23 Write on paper
24 Use hand to stabilize while standing
25 Carry object
26 Use fork
27 Use comb/ brush
28 Pick up cup with a handle
29 Button shirt
30 Eat finger foods

Average
Amount: How well:

MOTOR ACTIVITY LOG

 
 

0.0 Did not use my weaker arm for the activity (not used)
0.5
1.0 Occasionally tried to use my weaker arm for that activity (very rarely)
1.5
2.0 Sometimes used my weaker arm for that activity but did most of the activity with my stronger arm (rarely)
2.5
3.0 Used my weaker arm for that activity about half as much as before the stroke (half pre-stroke)
3.5
4.0 Used my weaker arm for that activity almost as much as before the stroke (3/4 or 75% pre-stroke)
4.5
5.0 Used my weaker arm for that activity as much as before the stroke (same as pre-stroke)

Motor Activity Log Amount Scale

 
 
Figure B-2.  Motor Activity Log score sheet 
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biceps reflex biceps, finger, and triceps
triceps reflex total
total 0

shoulder retraction
shoulder elevation wrist stability, Elbow 90
shoulder abduction wrist, flex/ext, elbow 90
shoulder ER wrist stability elbow 0
elbow flexion wrist flex/ext, elbow 0
forearm supination circumduction
total total

shoulder adduction/IR
elbow extension finger mass flexion
forearm pronation finger mass extension
total MCP ext, PIP and DIP flexed

Adduct thumb
opposition of thumb and index pads

hand to L-spine grasp cylinder
shoulder flexion 0-90 grasp spherical
elbow 90, pronation/supination total
total

shoulder-abduction 0-90 tremor
flexion 90-180 dysmetria
elbow 0, pron/sup speed
total total

TOTAL/66

1. REFLEX

 FUGL-MEYER UPPER-EXTREMITY 
MOTOR 

5. OUT OF SYNERGY

4. COMBINING SYNERGIES

3. EXTENSOR SYNERGY

2. FLEXOR SYNERGY

9.  COORDINATION

8. HAND

7. WRIST STABILITY

6. NORMAL REFLEX ACTIVITY

 
 
Figure B-3.  Fugl-Meyer Upper Extremity Motor score sheet 
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Activity Score Code

1= Never
2= Under once weekly
3= 1-2 times/ week
4 = Most days

3 Washing clothes
4 Light housework
5 Heavy housework 1= Never
6 Local Shopping 2= 1-2 times in three months
7 Social outings 3= 3-12 times in three months
8 Walking outside > 15 mins 4 = At least weekly
9 Actively pursuing hobby

10 Driving car/ travel on bus
1= Never
2= 1-2 times in six months
3= 3-12 times in six months
4 = At least twice weekly

1= Never
2= Light
3= Moderate
4= All necessary

1= None
2= One in 6 months
3= Less than one a fortnight
4= Over one in a fortnight (2 weeks)

1= None
2= Up to 10 hours/week
3= 10-30 hours/ week
4= Over 30 hours/ week

FRENCHAY ACTIVITIES INDEX

1

2

Preparing main meals

Washing up

Travel outings/ car rides11

12 Gardening

15 Gainful work

Household and/or car 
maintenance13

14 Reading books

 
 
Figure B-4.  Frenchay Activities Index score sheet 
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                                                         SUBJECT ID:

DATE TIME ON TIME OFF ACTIVITIES DONE DURING THIS PERIOD

Home Diary 

CIMT for Stroke Rehabilitation
Florida Biomedical Grant

 
 
Figure B-5.  Home Diary 

 



112 

 
                                                         SUBJECT ID:_____________________________

DATE TIME ACTIVITIES DONE DURING THIS PERIOD

Daily Activity Log

CIMT for Stroke Rehabilitation

 
 
Figure B-6.  Daily Activity Log – General Form 
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DAY # ______________  SUBJECT ID:___________

Time of 
Day Activity Description Trial 1 2 3 4 5 6 7 8 9 10

Time to Complete/ Number Completed

CIMT for Stroke Rehabilitation
Florida Biomedical Grant

 
 
Figure B-7.  Daily Activity Log – Timed Trial Form 
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CIMT for Stroke Rehabilitation 

Florida Biomedical Grant 

 
 

BEHAVIORAL CONTRACT FORM 
 
 
 
I, ________________________________________, agree to wear the mitt on 
my good arm (i.e. the arm that was not affected by the stroke) as much as 
possible when I am away from the stroke rehabilitation lab during the 2 week 
training session.  The purpose of the mitt is to remind me to use my weaker arm.   
I agree not to remove the mitt at any time or for any task for which I have agreed 
to wear it.   An exception will be that I will NOT try to use my weaker arm alone if 
my safety could in any way be affected.  Safety is the first consideration.   
 
I understand that this contract is to encourage me to participate in the therapy, 
and that if I am unable to follow this contract it can be adjusted at any time to fit 
my needs. 
 
 
AFFECTED ARM 
 
I agree to try and use ONLY my affected arm in all activities in which it is safe 
and possible to do so in the home and outside the home, including social 
situations.  I will attempt to use my affected arm alone in all these activities, even 
if I had previously been using only my good arm for some of these tasks.  The 
only activities for which I will NOT use my affected arm alone are: 

1. Those which my safety could be affected 
2. When a task is two-handed by nature 
3. When I am using water 
 

These specific activities will be discussed with the trainer, but, in general, it is 
important to remember that safety and caution always need to be considered first 
before trying to perform a task with the affected arm alone. 
 
 
MITT ON GOOD ARM 
  

I agree to wear the mitt on my good or unaffected arm when I am way 
form the project as much as possible during the 2 weeks of training.  I will wear 
the mitt for at least 90% of the time I am awake.  The purpose of the mitt on my 
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good arm is to prevent me from using the stronger arm, even if I have a strong 
urge or unconscious tendency to do so. 
 
ACTIVITIES IN WHICH I WILL USE MY AFFECTED ARM ONLY: 
 
I have agreed with my trainer that I will make a strong effort to use my affected 
arm as much as possible during the activities listed below.  I also agree to wear 
my mitt on my good arm for these activities.  The approximate times when I think 
these activities are most likely to occur are listed.  I will start wearing my mitt 
when I wake up at ______a.m. 
 
 

A.M. ACTIVITES USING AFFECTED ARM ONLY TIMES 
    
    
    
    
    
    
    
    
    
P.M. ACTIVITES USING AFFECTED ARM ONLY TIMES 
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ACTIVITIES IN WHICH I WILL USE BOTH ARMS  
  
My trainer and I have also agreed that I will use both arms in the following tasks, 
either because: 

1. Safety would be a problem if I just used my affected arm 
2. These tasks are, by their nature, two-handed 

 
ACTIVITES USING BOTH ARMS TIMES 
    
    
    
    
    
    

 
 
OTHER ACTIVITIES FOR WHICH I CAN REMOVE MY MITT  
 
After discussion with my trainer, I understand that I can remove my mitt for the 
activities listed below.  These activities also include sleep, naps, and any task 
involving water.  The approximate times at which I will carry out these activities 
are also listed. 
 
TIME MITT 
OFF GOOD ARM ONLY ACTIVITIES 

TIME MITT 
ON 

      
      
      
      
      
      
 
I agree to abide by the above terms to the best of my ability in all situations while 
I am away from the stroke rehabilitation lab. 
 
_____________________         __________          ________________________ 
Signature of Patient         Date   Signature of Trainer   
 
 
Figure B-8.  Daily Activity Log – Behavioral Contract Form 
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